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Introduction
In this contribution, we study the relative performance of DMRS with different antenna ports and DMRS with different scrambling initialization when UEs’ transmissions collide in a PUSCH occasion.  An initial investigation is conducted where two UEs having the same power and a small payload collide.  Realistic timing and channel estimation is used, and cases where the UEs have different arrival times at the gNB are considered.
Link level performance of different DMRS ports and scrambling
We compare the performance of DMRS with different antenna ports to when DMRS with different scrambling using maximum coupling loss, (MCL), as a metric. The maximum coupling loss for msgA can be determined using the normal method proposed in [2] (and also found in e.g. [3]).  The coupling loss is computed using the operating SINR and assumptions on noise figure, interference margin, and occupied bandwidth, as shown in Table 1 below.  Commonly used values are assumed.
[bookmark: _Ref4782650]Table 1: Coverage of 72 bits msgA vs. outage and BLER
	(1) Tx Power (dBm)
	23

	(2) Receiver thermal noise density (dBm/Hz)
	-174

	(3) eNB receiver noise figure (dB)
	5

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	30kHz*#PRBs

	(6) Effective noise power 
= (2)+(3)+(4)+10log((5)) (dBm)
	

	(7) Required SINR (dB) 
	

	(8) Receiver sensitivity = (6)+(7) (dBm)
	

	(9) Receiver processing gain
	

	(10) MCL = (1)-(8)+(9) (dB)
	



In the figures below, we show the maximum coupling loss based on the required SINR to reach 1% or 10% BLER for msgA. A 72 bit payload is used according to the simulation assumptions agreed in RAN1#96bis [1].  A TDL-A 30ns channel model was used with 4 gNB Rx antennas and one UE Tx antenna and 3 Type 1 DMRS symbols. The UEs have the same SNR.  A 14 symbol slot is used with 30 kHz subcarrier spacing.  Additional simulation details are given in the Appendix.

Figure 1 and Figure 2 compare the coupling loss for when different DMRS ports to when DMRS with different scrambling initialization is used, but when the UEs may arrive at different times for different number of PRBs.  The UEs arrive at times uniformly distributed within some maximum time, which is 0.5x, 1x, 1.5x, 2x the cyclic prefix length.  Non-ideal channel and timing estimation is used.  The maximum coupling loss for 10% and 1% BLER is shown in Figure 1 and Figure 2, respectively. For up to 2 CPs maximum delay, at 10% BLER, the difference in coupling loss is about 0.5 dB, while at 1% BLER, the difference is about 0.5 to 1 dB depending on the number of PRBs.   At 10% BLER when 2 PRBs are used (which is where the MCL is maximized), antenna ports are about 1.0 dB better than scrambling.  At 1% BLER, and at the best MCL point of 3 PRBs, antenna ports are better than scrambling by about 2.4 dB.
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[bookmark: _Ref7768067]Figure 1: Maximum coupling loss vs. #PRBs for 2 colliding UEs at 10% PUSCH BLER with different DMRS antenna ports, scrambling initialization and power offset 
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[bookmark: _Ref7605614]Figure 2: Maximum coupling loss vs. maximum delay for 2 colliding UEs with different DMRS antenna ports and scrambling initialization

Observations:
· Different scrambling initializations have some potential as a means to increase the number of distinct DMRS for msgA PUSCH.
· When two UEs collide in a PUSCH resource occasion with 4 gNB Rx antennas and 72 bit payloads the performance of reception using different DMRS scrambling initialization degrades somewhat relative to different DMRS antenna ports.
· When UEs arrive at the same time, and with equal power, the loss is about 1.0 and 2.4 dB for 1% and 10% BLER, respectively.
· msgA PUSCH reception does not appear to be too sensitive to timing offsets. For up to 2 CPs maximum delay:
· at 10% BLER, the difference in maximum coupling loss is about 0.5 dB 
· at 1% BLER, the difference is about 0.5 to 1 dB depending on the number of PRBs
Proposal:
· Further investigate the relative performance of msgA PUSCH using DMRS with different scrambling initializations and using different DMRS antenna ports, e.g. considering relative path loss.
Conclusions
This contribution compared the performance of DMRS with different antenna ports to the performance when DMRS with different scrambling initialization is used when UEs’ transmissions collide in a PUSCH occasion.  The simulations were for where two UEs collide at the same gNB receive power and carry a 72 bit payload.  Realistic timing and channel estimation was used and the UEs had different arrival times at the gNB.  We made the following observations:
Observations:
· Different scrambling initializations have some potential as a means to increase the number of distinct DMRS for msgA PUSCH.
· When two UEs collide in a PUSCH resource occasion with 4 gNB Rx antennas and 72 bit payloads the performance of reception using different DMRS scrambling initialization degrades somewhat relative to different DMRS antenna ports.
· When UEs arrive at the same time, and with equal power, the loss is about 1.0 and 2.4 dB for 1% and 10% BLER, respectively.
· msgA PUSCH reception does not appear to be too sensitive to timing offsets. For up to 2 CPs maximum delay:
· at 10% BLER, the difference in maximum coupling loss is about 0.5 dB 
· at 1% BLER, the difference is about 0.5 to 1 dB depending on the number of PRBs
Given these observations, we propose:
Proposals:
· Further investigate the relative performance of msgA PUSCH using DMRS with different scrambling initializations and using different DMRS antenna ports, e.g. considering relative path loss.
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Appendix: Simulation assumptions 

Table 1: Link-level evaluation assumptions
	Parameters
	Values

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz 

	TBS
	72 bits 

	MCS and Resource size
	2-12 PRBs

	DMRS configuration
	Type 1 DMRS 

	Number of DMRS symbols
	3

	Number of UEs
	2 

	Traffic model
	Full buffer

	UE antenna configuration
	1Tx

	gNB antenna configuration
	4Rx

	Propagation channel & UE velocity
	TDL-A 30ns

	Timing offset
	Uniform over [0, Max. Delay]

	Frequency offset
	0

	Max number of HARQ transmission
	1 

	Receiver
	MMSE-IRC 

	Channel and timing error estimation
	Ideal and Realistic

	 Target BLER
	10% and 1% 
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Maximum Coupling Loss vs. # PRBs: TDL-A 30ns 
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