Questions and clarifications about the TSDSI LMLC link budget

We thank the CEG team for carefully evaluating the TSDSI RIT. In this document, we have provided the answers inline below each question. 

Based on the latest (updated) submission from TSDSI on September 10th, 2019, while evaluating the LMLC link budget, the CEG noticed the following deviations with regard to the LMLC test configuration from Report ITU-R M.2412 (Evaluation Guidelines):
1. UE speed for NLOS
TSDSI LMLC link budget uses a UE speed of 120km/h for the NLOS scenario while LMLC evaluation configuration in M.2412 requires a UE speed of 30km/h (please refer to evaluation configuration C for RU-eMBB in Report M.2412). 
Suggestion: While the effect on delay spread and doppler may not be significant, the CEG recommends that TSDSI change the UE speed to 30 km/h. 

Answer: This is a typographical error only in the LMLC link budget sheet and should read as 30 km/h. In the self-evaluation we have used the exact LMLC configuration as per M.2412.  We thank CEG for pointing out this error. 

2. Cell range calculation
The CEG noticed that two gains, one of 3 dB and another of 12dB gain have been employed in the link budget template for LMLC as follows:
LMLC: 
10^(3+(F63-161.04+12+7.1*LOG10(20)-7.5*LOG10(5)+(24.37-3.7*(5/F$5)^2)*LOG10(F$5)-20*LOG10(F$4)+(3.2*(LOG10(11.75*F$6))^2-4.97))/(43.42-3.1*LOG10(F$5)))
3GPP:
10^((F62-161.04+7.1*LOG10(20)-7.5*LOG10(5)+(24.37-3.7*(5/F$5)^2)*LOG10(F$5)-20*LOG10(F$4)+(3.2*(LOG10(11.75*F$6)^2)-4.97))/(43.42-3.1*LOG10(F$5))+3)
a. For the 3dB that was added at the beginning of the formula, the CEG was able to reconcile it during the cell-range (d3D) calculation:

PLRMa-NLOS = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS) + (43.42 – 3.1 log10 (hBS)) (log10 (d3D)-3) + 20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97),  dB for 10 m < d2D < 21 km.
 (43.42 – 3.1 log10 (hBS)) (log10 (d3D)-3) = PLRMa-NLOS-(161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS) + 20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97) = A
Replacing the expression by A to make it easier:
log10 (d3D)-3 = A/(43.42 – 3.1 log10 (hBS))
log10 (d3D) = A/(43.42 – 3.1 log10 (hBS)) +3 
d3D = 10^[A/(43.42 – 3.1 log10 (hBS)) +3] 
b. Unfortunately, the CEG was not able to reconcile the 12dB gain factor. As per the channel model equations (for models A and B) in Report M.2412, for both LOS and NLOS, the maximum of one or the other should be taken as the value of pathloss for the rural macro (RMa) geographic environment:
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NOTE – the RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.





Question: Would TSDSI kindly look into this and help the CEG resolve any confusion on its part? 
Reply: We make the following observations
1. The LMLC NLOS model for RMA is the same for both channel model A and channel model B
2. In the following Figure, the following path loss expressions versus distance (in log scale) have been plotted for 700 MHz frequency: PLRMa-LOS (d3d), PL’RMa-NLOS(d3d),  PL’RMa-NLOS(d3d) -12 and PLLMLC(d3d)=max(PLRMa-LOS(d3d), PL’RMa-NLOS(d3d) -12). 

[bookmark: _GoBack][image: ]
Figure‑1: Path loss model for LMLC. The parameters (height of BS, height of UE and other relevant parameters) were chosen according to the LMLC specification in M.2412.
We observe that for distance greater than 1Km, PLLMLC (d3d)= PL’RMa-NLOS (d3d)-12, i.e., PL’RMa-NLOS (d3d)-12 > PLRMa-LOS(d3d). Since the distances we consider and the path-loss is in the range of 140 dB, we can use PL’RMa-NLOS(d3d) -12 as the LMLC path loss model. This observation enables us to compute the distance (inverse of the path-loss at around 140 dB) using a single-expression PLLMLC(d3d) = PL’RMa-NLOS(d3d) -12. This implies that 12 dB has to be added while calculating the distance using the available path loss and is computed using the following expression in the link-budget sheet:
10^(3+(B63-161.04+12+7.1*LOG10(20)-7.5*LOG10(5)+(24.37-3.7*(5/B$5)^2)*LOG10(B$5)-20*LOG10(B$4)+(3.2*(LOG10(11.75*B$6))^2-4.97))/(43.42-3.1*LOG10(B$5))).
Hence 12 (dB) comes due to the path loss model and the factor 3 is already present in the RMA model.

In the SE evaluation, for the system-level-simulation which requires computing the path-loss at various distances, the expression as provided by M.2412 (with all the Max operators) is used as this would not require computing the inverse. 
We also appreciate comparing the RMA models used by TSDSI and 3GPP. However, we would like to point out that 3GPP has not provided link budget sheets for LMLC. 


3. SINR for UL PUSCH and PUCCH and average spectral efficiency (SE) for LMLC
Given the UE speed correction and the 12 dB gain factors, the CEG believes that the SINRs for PUSCH and PUCCH and the average SE, all obviously on the UL, would benefit from a re-computation. It is unclear how an SINR and the consequent SE, established for an ISD of 1.732 km, can remain unchanged when the ISD is increased to 6 km? Without a substantial increase in UL power, a near six-fold increase in distance with limited power budgets should lead to lower SINRs and therefore lower average SEs. 

Suggestion: The CEG would request TSDSI to consider a) deriving the SINR values based on the delay spread for a UE speed of 30 km/h and then b) applying the ‘max’ mathematical operation/formula for path-loss in the case of LOS and NLOS, for both channel models A and B, taking into account the SINR and average SE as derived in the previous step for the LMLC case. 

Reply: We thank CEG for the suggestion.  As mentioned in the above replies,
1. For the system level simulations which report Average SE and 5% SE, the exact parameters as provided in M.2412 are used. 
2. The 120 km/h was a typographical mistake only in the link-budget sheet and the link budget SNR calculations are appropriate.  
3. Using the additional 12 dB in the link-budget sheet is correct and as per M.2412. The justification is provided in the response for question 2. 
Bases on the above observations, the results provided by TSDSI in the self-evaluation are correct. 
(Part of the previous question) It is unclear how an SINR and the consequent SE, established for an ISD of 1.732 km, can remain unchanged when the ISD is increased to 6 km? Without a substantial increase in UL power, a near six-fold increase in distance with limited power budgets should lead to lower SINRs and therefore lower average SEs. 
Reply: As rightly pointed out by CEG, the spectral efficiency indeed decreases as seen by our system level simulation.  Table 1 and Table 2 are taken from the self-evaluation result submitted by TSDSI and we clearly see that the achieved Avg SE and 5% SE have decreased for LMLC. 

Table 1: Average and 5th-percentile spectral efficiency for TDD configuration for the Rural-eMBB test environment, Configuration A (700 MHz) (1.732 km ISD)
	
	
	ITU Requirement 
	  Achieved 

	Uplink
	Average [bit/s/Hz/TRxP]
	1.6
	4.62

	
	5th-tile [bit/s/Hz]
	0.045
	0.1




Table 2 : Average and 5th-percentile spectral efficiency for TDD configuration for the Rural-eMBB test environment, LMLC Configuration (6km ISD)
	
	
	ITU Requirement 
	  Achieved 

	Uplink
	Average [bit/s/Hz/TRxP]
	1.6
	2.75

	
	5th-tile [bit/s/Hz]
	0.045
	0.05




In the link-budget template, the SE entirely depends on the BW allocated to a user. We choose the required data-rate and the BW, which in turn effects the noise spectral density. Based on the path loss, the noise would in turn influence the range that can be obtained by the UE. 
image2.wmf
0.5GHz6GHz

c

f

££


oleObject2.bin

image3.wmf
12DBP

RMaLOS

2BP2D

10m

21km

PLdd

PL

PLdd

-

££

ì

=

í

££

î


oleObject3.bin

image4.wmf
1.721.72

1103D103D103D

20log(40/3)min(0.03,10)log()min(0.044,14

.77)0.002log()

c

PLdfhdhhd

p

=+-+


oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

image5.wmf
4

SF

s

=


oleObject9.bin

image6.wmf
2

RMaNLOS1010BS10BS

2

10BS103D1010UT

1610471log()75log()(243737(/))log()

        (434231log())(log()3)20log()(32(

log(1175))497)

c

PL..W+.h..hhh

..hdf..h.

-

¢

=---

+--+--


oleObject10.bin

oleObject11.bin

image7.wmf
RMaNLOSRMaLOSRMaNLOS

max(,12)

PLPLPL

---

¢

=-


oleObject12.bin

image8.png
Path Loss (dB)

Path loss model for LMLC (for both channel model A and channel model B)
180 T T T
—PL RMa-NLOS
- PL' RMa-NLOS™
160 |- - Playgaios
= max(PL,

12

—Plic Avia-L0s P RuanLos 12

40 L L {
15 2 25 3 35 4 45

Iog‘ 0(d3 d) (in meters)




image1.wmf
8

SF

s

=


oleObject1.bin

