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Abbreviations

3GPP: 3rd Generation Partnership Project

BLER: Block error rate

BS: Base-station

BW: Bandwidth

CCE: Control channel element

CP: Control-plane

CSI: Channel state information 

CSI-RS: Channel state information reference signal

DU: Dense urban

DL: Downlink

DM-RS: Demodulation reference signal 

eMBB: enhanced mobile broadband

gNB: g-NodeB

GoS: Grade-of-service

HARQ: Hybrid automatic repeat request

InH: Indoor Hotspot

ITU: International Telecommunication Union

LMLC: low-mobility large-cell

MIMO: multiple-input multiple-output

mMTC: massive Machine-Type Communications

NR: New Radio

NB-IoT: Narrowband-Internet of Things

OLLA: outer loop link adaptation 

PDCCH: Physical downlink control channel, PDSCH: Physical downlink shared channel

PRB: Physical resource block 

PT-RS: Phase tracking reference signal 

PUCCH: Physical uplink control channel; PUSCH: Physical uplink shared channel 

QoS: Quality-of-service

RAN: Radio access network

RE: Resource element

RIT: Radio-interface technology

RU: Rural

SCM: Stochastic channel model
SCS: Sub-carrier spacing

SDU: Service data unit

SR: Scheduling request

SRS: Sounding reference symbol

SSB: Synchronization signal block 

TRxP: Transmission and reception point

TRS: Tracking reference signal

TTI: Transmission time interval 

UE: User equipment 

UL: Uplink

ULPC: Uplink power control

UP: User-plane

urLLC: ultra-reliable low-latency communications

1 Introduction

In this contribution we are analyzing the Mobility Interruption time requirement against the IMT-2020 3GPP submission presented in[1].

The Mobility Interruption time is defined in [2]. We are reproducing the text here for convenience:
“Mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the mobile station and the radio access network, as applicable to the candidate RIT/SRIT.
This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios.

The minimum requirement for mobility interruption time is 0 ms.”

As for the evaluation part, the following analysis method is mentioned in [3] that we reproduce here for convenience:
“The procedure of exchanging user plane packets with base stations during transitions shall be described based on the proposed technology including the functions and the timing involved.”
In the following sections, we will discuss the mobility procedures and analyze the impact on the traffic interruption, if any, of the user equipment (UE).
2 Discussion
Based on the 3GPP submission, this discussion will consider the following scenarios:
1. NR mobility scenarios:


1.1 Beam mobility.


1.2 CA (Carrier Aggregation) mobility.
2. LTE mobility scenarios:


2.1 Pcell (primary Cell) mobility.


2.2 DC (Dual Connectivity) mobility.
2.1 NR mobility scenarios
2.1.1 Beam mobility
One of the new features for NR is the specification of beam management. While moving into a cell, the transmit-receive beam of a user equipment may need to be changed. 
The UE can be configured to perform beam measurements and reporting based on a set of specific RS resources. The device can report physical layer measurements for the strongest beam and for the rest of the reported beams in the report just the difference with the best beam.
NR supports beam indication. This implies in informing the UE that certain PDSCH and/or PDCCH transmissions use the same transmission beam as a configured reference signal (RS). That means that a certain PDSCH and/or PDCCH is transmitted using the same spatial filter as the configured RS. So, beam indication is based on the configuration and downlink signaling of so-called Transmission Configuration Indication (TCI) states.
A UE can be configured by RRC with up to 64 TCI states, and by means of MAC signaling, the network can indicate a specific TCI state.
In some situations, the PDSCH beam indication can be performed using two different procedures due to the flexible offset scheduling timing. If this is larger than N symbols, DCI scheduling (on PDCCH) can indicate the TCI state. If it is smaller than N, the UT may assume quasi-collocated transmissions with the PDCCH.
 Observation 1: The above described mechanism is sufficiently flexible and allows gNB to schedule DL data on multiple beams on different slots.
A similar procedure is available for UL direction, whereas PUSCH is sent using an SRS resource indicator (SRI) configured by gNB. Thus, and gNB-side beam is selected for UL data reception accordingly.
Observation 2:  gNB may select different beams at different slots depending on the UE mobility. Therefore, UL data packet transmission is kept during beam pair switching at different slots.
Beam Mobility analysis conclusion: the UE can always exchange user plane packets with gNB during the mobility transitions. Therefore, 0ms mobility interruption time can be achieved by NR for this scenario.
2.1.1 Carrier Aggregation

When moving within the same PCell with CA enabled, the set of configured SCells of the UE may change. The SCell addition and SCell release procedures can occur.
During these procedures, the UE can always exchange user plane packets with the gNB during transitions, because the data transmission between the UE and the PCell is kept. Therefore, 0ms mobility interruption time can be achieved by NR for this case as well.
NR CA mobility analysis conclusion: 0ms mobility interruption time can be achieved by NR for CA mobility.
2.2 LTE mobility scenarios
2.2.1 Pcell Mobility

One of the features in Rel-15 LTE is the Make-Before-Break handover. With this, the connection with the source eNB is not released until DL synchronization is achieved with the target eNB. For intra-frequency handover a dual receiver capable UE can receive data from the source and from the source eNBs and track the RS from the target cell at the same time, while synchronizing with the target eNB. However, the UT must release the serving cell while performing RACH procedure with the target cell.
If the source and the target cells are synchronized, the UT may obtain the timing advance (TA) information without explicit TA command, so a RACH-less handover is possible. So, avoiding RACH related delay sometimes is possible.
Pcell Mobility analysis conclusion: Combining the Make-Before-Break and RACH-less handovers for a dual receiver capable UE in a scenario where TA is negligible between the source and target cells, a 0ms mobility interruption time can be achieved by LTE for Pcell mobility scenario.
2.2.2 Dual Connectivity (DC) Mobility

Dual connectivity (DC) is a feature that allows a UE to connect and exchange data with two eNBs namely MeNB (Master Node) and an SeNB (Slave Node).
When moving within the same MeNB with DC enabled, the SeNB may change. The SeNB addition/release procedures from TS36.300 are shown as an example below:

SeNB addition:


[image: image1]
Fig 1. SeNB Addition procedure
SeNB release – initiated by MeNB:


[image: image2]
Fig 2. SeNB Release procedure – initiated by MeNB
SeNB release – initiated by SeNB:

[image: image3]
Fig 3. SeNB Release procedure – initiated by SeNB
Dual Connectivity (DC) Mobility analysis conclusion: It is observed that during these procedures, the UE can always exchange user plane packets with MeNB during transitions. Therefore, 0ms mobility interruption time is achieved by LTE for the DC mobility scenario.

 3 Conclusion

Based on the above analysis we can conclude that 3GPP submission can fulfill the 0ms mobility interruption time requirement.
A text proposal for the CEG evaluation report is proposed in the Annex of this document.
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Annex

Text proposal for CEG report on Mobility interruption time

Mobility Interruption time

The Mobility interruption time requirement for IMT-2020 is 0ms as specified by ITU-R M.2410 document. The CEG concluded the 3GPP submission is compliant with the ITU-R requirement.

Analysis details

The Mobility Interruption time requirement is defined by M.2410 ITU-R document as follows:
“Mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the mobile station and the radio access network, as applicable to the candidate RIT/SRIT.
This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios.

The minimum requirement for mobility interruption time is 0 ms.”

As for the evaluation part, the following analysis method is mentioned in M.2412 that we reproduce here for convenience:

“The procedure of exchanging user plane packets with base stations during transitions shall be described based on the proposed technology including the functions and the timing involved.”
The following scenarios are considered based on the 3GPP submission (Rel-15):

1. NR mobility scenarios:


1.1 Beam mobility.


1.2 CA (Carrier Aggregation) mobility.

2. LTE mobility scenarios:


2.1 Pcell (primary Cell) mobility.


2.2 DC (Dual Connectivity) mobility.

1. NR mobility scenarios
1.1 NR Beam mobility
One of the new features for NR is the specification of beam management. While moving into a cell, the transmit-receive beam of a user terminal may need to be changed. 

The UE can be configured to perform beam measurements and reporting based on a set of specific RS resources. The device can report physical layer measurements for the strongest beam and for the rest of the reported beams in the report just the difference with the best beam.

NR supports beam indication. This implies in informing the UE that certain PDSCH and/or PDCCH transmissions uses the same transmission beam as a configured reference signal (RS). That means that a certain PDSCH and/or PDCCH is transmitted using the same spatial filter as the configured RS. So, beam indication is based on the configuration and downlink signaling of so-called Transmission Configuration Indication (TCI) states.

A UE can be configured by RRC with up to 64 TCI states, and by means of MAC signaling, the network can indicate a specific TCI state.

In some situations, the PDSCH beam indication can be performed using 2 different procedures due to the flexible offset scheduling timing. If this is larger than N symbols, DCI scheduling (on PDCCH) can indicate the TCI state. If it is smaller than N, the UE may assume quasi-collocated transmissions with the PDCCH.

 Observation 1: The above described mechanism is sufficiently flexible and allows gNB to schedule DL data on multiple beams on different slots.
A similar procedure is available for UL direction, whereas PUSCH is sent using an SRS resource indicator (SRI) configured by gNB. Thus, and gNB-side beam is selected for UL data reception accordingly.

Observation 2:  gNB may select different beams at different slots depending on the UE mobility. Therefore, UL data packet transmission is kept during beam pair switching at different slots.
Beam Mobility analysis conclusion: the UE can always exchange user plane packets with gNB during the mobility transitions. Therefore, 0ms mobility interruption time can be achieved by NR for this scenario.
1.1 NR Carrier Aggregation

When moving within the same PCell with CA enabled, the set of configured SCells of the UE may change. The SCell addition procedure and SCell release procedures can occur.
During these procedures, the UE can always exchange user plane packets with the gNB during transitions, because the data transmission between the UE and the PCell is kept. Therefore, 0ms mobility interruption time is achieved by NR for this case.

NR CA mobility analysis conclusion: 0ms mobility interruption time can be achieved by NR for CA mobility.
2 LTE mobility scenarios
2.1 LTE Pcell Mobility

One of the features in Rel-15 LTE is the Make-Before-Break handover. With this, the connection with the source eNB is not released until DL synchronization is achieved with the target eNB. For intra-frequency handover a dual receiver capable UE can receive data from the source and from the source eNBs and track the RS from the target cell at the same time, while synchronizing with the target eNB. However, the UE must release the serving cell while performing RACH procedure with the target cell.

If the source and the target cells are synchronized, the UE may obtain the timing advance (TA) information without explicit TA command, so a RACH-less handover is possible. So, avowing the RACH delay procedure sometimes is possible, thus this interruption can be avoided.

Pcell Mobility analysis conclusion: Combining the Make-Before-Break and RACH-less handovers for a dual receiver capable UE in a scenario where TA is negligible between the source and target cells, a 0ms mobility interruption time can be achieved by LTE for Pcell mobility.

2.2 LTE Dual Connectivity (DC) Mobility

Dual connectivity (DC) is a feature that allows a UE to connect and exchange data with two eNBs namely MeNB (Master Node) and an SeNB (Slave Node).

When moving within the same MeNB with DC enabled, the SeNB may change. The SeNB addition/release procedures from TS36.300 are shown as an example below:

SeNB addition:


[image: image4]
Fig 1. SeNB Addition procedure
SeNB release – initiated by MeNB:


[image: image5]
Fig 2. SeNB Release procedure – initiated by MeNB
SeNB release – initiated by SeNB:

[image: image6]
Fig 3. SeNB Release procedure – initiated by SeNB
Dual Connectivity (DC) Mobility analysis conclusion: It is observed that during these procedures, the UE can always exchange user plane packets with MeNB during transitions. Therefore, 0ms mobility interruption time is achieved by LTE for the DC mobility scenario.
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