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1 Introduction

In RAN2 #69 meeting, there are some discussions on some PHY aspects for Latency Reduction WI, including the capability of SR and the decoding performance of contention-based (CB) transmission. A RAN2 LS document was sent to RAN1 after the meeting [1]. In this contribution, we provide some preliminary simulation results to address Question #3 in the LS. The question is listed below.
Q3: In case two UEs perform a transmission on the same resource, RAN2 would like to know the probability of successful decoding of one PUSCH transmission after one single transmission (no HARQ).
2 Performance evaluation of contention-based transmission
Contention-based transmission was proposed in [2], and it is considered as one of the candidate to reduce the transmission latency. One concern of the CB transmission is the detection performance of simultaneous transmission among UEs. It is our understanding that the CB transmission is applied in low-load condition; therefore, only two-UE scenario is considered in the preliminary simulation results.

The simulation parameters are listed in Appendix. In the simulations, two scenarios are considered:
1. Collision-free case: two contending UEs simultaneously transmit data in the same resource blocks and choose different cyclic shift values. 
2. Collision case: two contending UEs simultaneously transmit data in the same resource blocks but choose the same cyclic shift value. 
For the collision-free case, Figure 1 shows the PER performance of UE1 and UE2 for the case with 2 receive antennas. In the simulation, UE1 is detected first by treating UE2 as an interfering source, since UE1 has stronger power (UE1 power/UE2 power = 3dB). Next, UE2 is detected after the step of interference cancellation. Therefore, if UE1 is correctly decoded, UE2 looks like just experiencing an AWGN channel. As shown in the figure, the working point, at PER=1%, for UE1 and UE2 is in the SINR range from 2 to 2.5 dB. When the number of receive antennas increases to 4, 2.5-dB and 1.5-dB SINR improvements for UE1 and UE2, respectively, could be achieved, as shown in Figure 2. Figures 3 and 4 show the simulation results for the collision case. Expectedly, if collision happens, data from the two UEs fails to be decoded. 
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Figure 1. PER performance for the collision-free case with 2RX.         Figure 2. PER performance for the collision-free case with 4RX.      
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Figure 3. PER performance for the collision case with 2RX.             Figure 4. PER performance for the collision case with 4RX.
3 Discussion
Based on the simulation results, the following two requirements shall be met so that the data from two contending UEs are decodable.
1. The reference signals of the two contending UEs shall not be the same. 
2. The eNB shall be equipped more than 1 receive antenna.

In general, an eNB is equipped two (or more) receive antennas, and thus spatial-domain degrees-of-freedom is sufficient to do the multi-UE detection. As a result, the major challenge for the contention-based transmission turns out to be: how to avoid DM-RS collision. Since the DM-RS resource (i.e., cyclic shift) is quite limited, the collision would often happen if there is not collision avoidance mechanism included in the contention-based transmission. There are some CB schemes in RAN2 can be applied to alleviate the problem, such as UE group or multiple CB transmission opportunities. Back to the question from RAN2, the exact SINR working point for a specific performance requirement should be further studied based on a proper simulation setting. The reason is that different simulation parameters would lead to different simulation results. Below is the proposal for the question.
Proposal: Suggest RAN1 to discuss the simulation parameters for CB-PUSCH before further performance evaluation.
4 Appendix

Table A1. Simulation parameters.

	FFT size
	512

	Number of UEs
	2

	SIR (UE1 power/UE2 power)
	3 dB

	Number of used resource blocks
	2

	Number of UE transmit antennas
	1

	Number of eNodeB receive antennas
	2 or 4

	Channel model
	TU-6

	Velocity of UE
	3 km/hr or 120 km/hr

	MCS
	ITBS = 5 (144 data bits, QPSK, 1/3 coding rate)

	Channel estimation
	1D-MMSE

	Receiver type
	MMSE+SIC

	Noise and interference estimations
	DM-RS based method
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