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Abbreviations

3GPP: 3rd Generation Partnership Project
AP: Access point
BS: Base-station
BW: Bandwidth
CCE: Control channel element
CP: Control-plane or Cyclic Prefix
CSI: Channel state information 
CSI-RS: Channel state information reference signal
DU: Dense Urban
DL: Downlink
DMRS: Demodulation reference signal 
eMBB: enhanced mobile broadband
FDM: Frequency division multiplexing
gNB: g-NodeB
GoS: Grade-of-service
HARQ: Hybrid automatic repeat request
InH: Indoor Hotspot
ITU: International Telecommunication Union
LDPC: Low-density parity code
LMLC: low-mobility large-cell
LoS: Line-of-sight
MAC: Medium access control
MIMO: multiple-input multiple-output
mMTC: massive Machine-Type Communications
NB-IoT: Narrowband-Internet of Things
NLoS: non-Line-of-sight
NR: New Radio
OFDM: Orthogonal frequency division multiplexing
PDCCH: Physical downlink control channel, PDSCH: Physical downlink shared channel
PDCP: Packet data convergence protocol
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
RB: Resource block
RE: Resource element
RIT: Radio-interface technology
RLC: Radio link control 
RU: Rural
SCS: Sub-carrier spacing
SDU: Service data unit
SINR/SNR: Signal-to-interference noise ratio/Signal-to-noise ratio
SR: Scheduling request
SRS: Sounding reference symbol
SSB: Synchronization signal block 
SCM: Stochastic channel model
TBS: Transport block size
TRxP: Transmission and reception point
TRS: Tracking reference signal
TTI: Transmission time interval 
UE: User equipment 
UL: Uplink
UP: User-plane
urLLC: ultra-reliable low-latency communications
Introduction

In this contribution, we present evaluation results on area traffic capacity for the enhanced Mobile Broadband (eMBB) usage scenario in an indoor hotspot (InH) geographic environment, as described in [3] and shows that the corresponding IMT-2020 requirements can be met. 
Requirements on area traffic capacity
[bookmark: _Ref7022061]Area traffic capacity is defined as the total traffic throughput served per geographic area (in Mbits/s/m2). The throughput is the number of correctly received bits, i.e. the number of bits contained in the service data units delivered to layer 3, over a certain period of time. 
This can be derived for one frequency band and one transmission reception point (TRxP) layer, based on the achievable average spectral efficiency, network deployment (e.g., TRxP (site) density) and bandwidth. 
Let  denote the channel bandwidth and  the TRxP density (TRxP/m2). The area traffic capacity  is related to average spectral efficiency  through the following equation
.
In case multiple bands are aggregated, the area traffic capacity will be summed over the bands.
The requirement is defined for the purpose of evaluation in the Indoor Hotspot (InH) eMBB test environment, where the target value for the area traffic capacity on the downlink is 10 Mbits/s/m2.

The Indoor Hotspot-eMBB test environment consists of one floor of a building. The height of the ceiling is 3 m. The floor has a surface of 120 m × 50 m and 12 BSs/sites which are placed in 20 meters spacing as shown in Fig. 1, with a LOS probability as defined by channel model in Annex 1, Table A1-9 of [3]. In Fig. 1, internal walls are not explicitly shown but are modeled via the stochastic LOS probability model.
The type of site deployed (e.g. one TRxP per site or 3 TRxPs per site) is not defined and should be reported by the proponent.
Fig. 1
Indoor Hotspot sites layout



If we take 12 TRxP in the above scenario, then we can compute  as follows:
 = 12 / (120m X 50m) = 0.002 TRxP/m2
For FDD with DL with 32x4 MU-MIMO Type II Codebook, and SCS = 15KHz the average spectrum efficiency has been derived as:
Channel Model A:  = 13.24 for 40MHz carrier bandwidth.
Channel Model B:  = 13.54 for 40MHz carrier bandwidth.

For this FDD configuration, using a 400MHz aggregation bandwidth we will have:
Channel Model A:
 = 0.002 X 400MHz X 13.24 = 10.59 Mbits/s/Hz
Channel Model B:
 = 0.002 X 400MHz X 13.54 = 10.83 Mbits/s/Hz

Observation 1: For FDD configuration the minimum requirement for area traffic capacity can be met with a minimum aggregated channel bandwidth of 400MHz.



For TDD with DL with 32x4 MU-MIMO Type II Codebook reciprocity based, 4T SRS, SCS = 15KHz and DDDSU frame structure, the average spectrum efficiency has been derived as:
Channel Model A:  = 14.65 for 40MHz carrier bandwidth.
Channel Model B:  = 14.64 for 40MHz carrier bandwidth.
So, for the above TDD configuration with 360MHz aggregated bandwidth we will find:

Channel Model A:
 = 0.002 X 360 MHz X 14.65 = 10.54 Mbits/s/Hz
Channel Model B:
 = 0.002 X 360 MHz X 14.64 = 10.54 Mbits/s/Hz

Observation 2: For TDD configuration the minimum requirement for area traffic capacity can be met with a minimum aggregated channel bandwidth of 360MHz.
Summary and conclusion
In this contribution, it has been shown that the IMT-2020 requirements on area traffic capacity can be fulfilled in the specified test environment. In the Annex we present a text proposal for CEG report.
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Annex

Text proposal for CEG report on Energy Efficiency requirement
[bookmark: _GoBack]1 Conclusion: CEG concluded that traffic area requirement is met by the IMT-2020 3GPP submission. 
2. Verification:

The requirement is defined for the purpose of evaluation in the Indoor Hotspot (InH) eMBB test environment, where the target value for the area traffic capacity on the downlink is 10 Mbits/s/m2.

The Indoor Hotspot-eMBB test environment consists of one floor of a building. The height of the ceiling is 3 m. The floor has a surface of 120 m × 50 m and 12 BSs/sites which are placed in 20 meters spacing as shown in Fig. 1, with a LOS probability as defined by channel model in Annex 1, Table A1-9 of [3]. In FIG. 1, internal walls are not explicitly shown but are modeled via the stochastic LOS probability model.
The type of site deployed (e.g. one TRxP per site or 3 TRxPs per site) is not defined and should be reported by the proponent.
Fig. 1
Indoor Hotspot sites layout



If we take 12 TRxP in the above scenario, then we can compute  as follows:
 = 12 / (120m X 50m) = 0.002 TRxP/m2
For FDD with DL with 32x4 MU-MIMO Type II Codebook, and SCS = 15KHz the average spectrum efficiency has been derived as:
Channel Model A:  = 13.24 for 40MHz carrier bandwidth.
Channel Model B:  = 13.54 for 40MHz carrier bandwidth.
For this FDD configuration, using a 400MHz aggregation bandwidth we will have:
Channel Model A:
 = 0.002 X 400MHz X 13.24 = 10.59 Mbits/s/Hz
Channel Model B:
 = 0.002 X 400MHz X 13.54 = 10.83 Mbits/s/Hz
Observation 1: For FDD configuration the minimum requirement for area traffic capacity can be met with a minimum aggregated channel bandwidth of 400MHz.

For TDD with DL with 32x4 MU-MIMO Type II Codebook reciprocity based, 4T SRS, SCS = 15KHz and DDDSU frame structure, the average spectrum efficiency has been derived as:
Channel Model A:  = 14.65 for 40MHz carrier bandwidth.
Channel Model B:  = 14.64 for 40MHz carrier bandwidth.
So, for the above TDD configuration with 360MHz aggregated bandwidth we will find:
Channel Model A:
 = 0.002 X 360 MHz X 14.65 = 10.54 Mbits/s/Hz
Channel Model B:
 = 0.002 X 360 MHz X 14.64 = 10.54 Mbits/s/Hz
Observation 2: For TDD configuration the minimum requirement for area traffic capacity can be met with a minimum aggregated channel bandwidth of 360MHz.
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