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1	Introduction
In RAN1#96bis, it was agreed that evaluations of two or more colliding UEs at the link level can be reported, although the power modeling is FFS and companies are to report the modeling until the FFS is resolved [1].  This contribution considers requirements for such models, studying some example scenarios with different inter-site spacing in order roughly quantify the degree of power control differences that may be expected as a function of cell size.
[bookmark: _Ref178064866]2	UE Near-Far Statistics vs. Cell Size
We consider the NOMA Case 1, Case 2, and Case 3 NOMA scenarios, which were for a large (1732m ISD), medium (500m ISD), and a small cell (200m ISD), respectively [2].   While these are somewhat different from those agreed for the 2-step RACH work, the behavior as a function of cell size should be similar and sufficient to study basic differences in modelling requirements in large and small cells.  
We use coupling loss results from the NOMA system level simulation calibration exercise after RAN1#94 [3] to determine the average received power at the gNB when open loop power control is used.  The power control formula from 38.213 is applied using a P0=-90 with full path loss compensation (, and transmission in 2 PRBs is assumed. Detailed simulation parameters are in the Appendix. The resulting Rx power CDFs are in Figure 1 below. As can be seen, the UE is in power limit about 85%, 35%, and 20% of the time, for Cases 1, 2, and 3, respectively.  Therefore, UEs have relatively constant power (assuming ideal power control) at gNB for cases 2 and 3, but the UE has difficulty reaching its power control target for Case 1 over the all but the positions in the cell closest to gNB.
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[bookmark: _Ref524630470]Figure 1
We use the receive power CDFs to determine the statistics of the received power when multiple UEs transmit. One statistic of interest is the ratio of the strongest to the weakest UE that transmit simultaneously. This is given for Case1 and Case 3 in Figure 2 below. For Case 1, the median power difference for 2 UEs is 10 dB. This rises to 17 dB for 3 UEs, then to 20 and 24 dB for 4 and 6 UEs, respectively. The 90% CDF points are 23, 27, 29, and 31 dB for 2, 3, 4, and 6 UEs. For Case 3, the median power differences are 0 dB for 2 and 3 UEs, but rise to 1 and 4 dB for 4 and 6 UEs, respectively. The 90% points are 7, 9, 10, and 11 dB for 2, 3, 4, and 6 UEs.
Observations:
· Modeling the power difference between multiple colliding UEs in large cells is essential, but rather less so for small cells with a small number of colliding UEs.
· Median differences between the strongest and weakest UE received at gNB in a 1732m Case 1 cell vary from 10 to 24 dB for 2 to 6 colliding UEs.
· 90% differences range from 23 to 31 dB.
· The median difference between the strongest and weakest UE received at gNB in a 200m Case 3 cell is 0 dB for 2 and 3 UEs, and 1 and 4 dB for 6 UEs.
· 90% differences range from 7 to 11 dB.
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[bookmark: _Ref524638382]Figure 2: Near-Far UE Power Differences for Case 1 and Case 3
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Proposals:
· If link level performance of UE collision in large cells (e.g. 1732m ISD) is to be studied, power differences are carefully modelled
· Link level evaluations of collision use at most a few (say 2 or 3) UEs as a starting point, assuming conditions reflective of small cells (e.g. 200m ISD).
3	Conclusions
This contribution considered requirements for models of power difference needed in 2-step RACH work, studying some example scenarios with different inter-site spacing in order roughly quantify the degree of power control differences that may be expected as a function of cell size.  We made the following observations:

Observations:
· Modeling the power difference between multiple colliding UEs in large cells is essential, but rather less so for small cells with a small number of colliding UEs.
· Median differences between the strongest and weakest UE received at gNB in a 1732m Case 1 cell vary from 10 to 24 dB for 2 to 6 colliding UEs.
· 90% differences range from 23 to 31 dB.
· The median difference between the strongest and weakest UE received at gNB in a 200m Case 3 cell is 0 dB for 2 and 3 UEs, and 1 and 4 dB for 6 UEs.
· 90% differences range from 7 to 11 dB.

We therefore propose:

Proposals:
· [bookmark: _In-sequence_SDU_delivery]If link level performance of UE collision in large cells (e.g. 1732m ISD) is to be studied, power differences are carefully modelled
· Link level evaluations of collision use at most a few (say 2 or 3) UEs as a starting point, assuming conditions reflective of small cells (e.g. 200m ISD).
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Appendix
Table 1: System-level assumptions for calibration purpose
	Parameters
	Case 1
	Case 2
	Case 3

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m 
	500m 
	200m

	Carrier frequency
	700MHz
	700MHz
	4GHz

	Channel model
	UMa in TR 38.901

	UE Tx power
	Max 23 dBm

	BS Tx power
	Max 46 dBm

	BS antenna configurations
	2 ports: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), +-45 Polarization
dH = dV = 0.8λ;

	BS antenna downtilt
	92
	98
	102

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi

	UE distribution
	Follow the evaluation assumptions

	UE power control
	Open loop PC, P0 = [-90] dBm, alpha = 1.

	HARQ/repetition
	1

	UE attachment
	Refer to 36.873
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