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1 Introduction

In the last meeting Ran4#76, Ran4 agreed Reply LS[1] on Sidelink measurement for relay UE selection. In the LS, Ran4 concluded that RAN1 working assumption on PC5 link quality measurement using RSRP based on PSDCH DMRS is feasible and Ran4 will continue the analysis to define the measurement accuracy requirements. For the analysis, one WF[2] was also agreed in which PSDCH soft combining was considered. This paper provides simulation results and our view based on the results for the measurement accuracy requirements for UE relay selection. 
2 Discussion
2.1 Simulation Assumption

In agreed WF, simulation assumptions are as below.

· Simulation Assumption

	Simulation Parameters
	Value

	Operating scenario
	Partial coverage:  D2D RX UE is OOC, D2D TX UEs are in-coverage 

	System BW 
	10 MHz

	CP length
	Normal

	Number of PSDCH retransmissions
	0, 3 

	PSDCH soft combining 
	Enabled / Disabled 

	RSRP measurement resources 
	PSDCH DMRS are used for measurements. 

RSRP measurements are done only on the resources where PSDCH CRC passed

	RSRP L1 measurement period
	One D2D Discovery period (320ms)

	RSRP L3 filtering 
	Disabled 

	Antenna configuration
	1x2 Low correlation

	Simulation results to be provided 
	1) CDFs of RSRP measurement errors

2) RSRP measurements success rate 


· Scenarios in Simulation Assumptions
	Simulation Parameters \ Scenario
	Scenario 1
	Scenario 2

	PSDCH collisions
	No PSDCH collisions
	PSDCH transmissions from D2D TX UE 1 and UE 2 collide

	# D2D TX UEs
	1
	2

	D2D UE 1

(useful signal)
	Transmission
	PSDCH
	PSDCH

	
	Timing offset 
	1 us (w.r.t. reference)
	1 us (w.r.t. reference)

	
	Frequency offset 
	+200 Hz (w.r.t. reference)
	+200 Hz (w.r.t. reference)

	D2D UE 2 (interference signal)
	Transmission
	NA
	PSDCH 

(same resources as D2D UE 1)

	
	Timing offset 
	
	-1 us (w.r.t. reference)

	
	Frequency offset 
	
	-200 Hz (w.r.t. reference)

	Propagation channel
	D2D UE 1
	AWGN / EPA5 / ETU70 
	AWGN / EPA5 / ETU70 

	
	D2D UE 2
	NA
	AWGN / EPA5 / ETU70 

	SINR (D2D UE1)
	-6..5 dB 
	3 / 6 / 9 dB *

	INR (D2D UE2)
	NA
	3 dB *

	Rx UE Timing offset assumption
(w.r.t. reference)
	[-CP/2 CP/2]
	[-CP/2 CP/2]

	* The SINR, INR settings for PSDCH collision scenario are not limited to the provided values and can be further extended


In addition to above simulation assumption, the following parameters are assumed.
· Additional parameter
· discPeriod : 320ms

· suframeBitmap

· numRetx = 3 (RV={0,2,3,1}) : ‘11110000_00000000_00000000_00000000_00000000’
· numRetx = 0 (RV=0): ‘10000000_00000000_00000000_00000000_00000000’
· numRepetition : 8

· txProbability : 1

· RSRP measurement when numRetx = 3

· when Soft Combining is disable
· Option1 : averaging over each retransmission that were successfully decoded

· Option2 :  averaging over the retransmission that was first successfully decoded + the subsequent retransmissions without decoding
· when Soft Combining is enable

· Option1 : averaging over the retransmission that was first successfully decoded + the subsequent retransmissions without decoding

· Option 2 : averaging over all retransmission without decoding subsequent retransmissions if nth  retransmission  was  successfully decoded
Regarding soft combining, in aspects of UE implementation, when decoding succeeds  at   the retransmission other than 1st retransmission. if averaging over all retransmissionfor RSRP measurement, it means to need more memory and management of memory  additionally It increases UE complexity. However, if averaging over the retransmission that was successfully decoded  and the subsequent retransmissions without decoding, it does not increase UE complexity because additional memory is not necessary. Therefore, we consider option 1 for enabled soft combining in simulation. And for disabled soft combining, option1 is considered in simulation based on Ran1 agreement which performs RSRP measurement in subframe which CRC check is passed.  
With the simulation assumption, we investigate 2 simulation results such as CDF of absolute RSRP, RSRP measurement success rate. 
2.2 Simulation Results

It can be separated into 6 cases as below. 
· 1-A : Scenario 1(1 TxUE) : numRetx = 0
· 1-B : Scenario 1(1 TxUE) : numRetx = 3 & SoftCombiningDisable

· 1-C : Scenario 1(1 TxUE) : numRetx = 3 & SoftCombiningEnable

· 2-A : Scenario 2(2 TxUE) : numRetx = 0

· 2-B : Scenario 2(2 TxUE) : numRetx = 3 & SoftCombiningDisable

· 2-C : Scenario 2(2 TxUE) : numRetx = 3 & SoftCombiningEnable

For each case, the CDF of delta RSRP and RSRP measurement success rate are summarized in the following tables.

· Scenario 1(1UE) : AWGN
Table 2.1a. CDF of delta RSRP in Scenario1(1UE) under AWGN
	
	1-A
	1-B
	1-C

	SNR
	50%
	5%
	95%
	50%
	5%
	95%
	50%
	5%
	95%

	-6
	NA
	NA
	NA
	NA
	NA
	NA
	1.56
	-0.17
	3.19

	-5
	NA
	NA
	NA
	NA
	NA
	NA
	1.18
	0.47
	1.88

	-4
	NA
	NA
	NA
	NA
	NA
	NA
	0.88
	0.39
	1.36

	-3
	NA
	NA
	NA
	NA
	NA
	NA
	0.69
	0.30
	1.06

	-2
	0.84
	-1.07
	2.09
	0.69
	-0.31
	1.55
	0.56
	0.22
	0.90

	-1
	0.61
	-0.73
	1.79
	0.53
	-0.05
	1.07
	0.48
	0.19
	0.77

	0
	0.45
	-0.12
	0.98
	0.43
	0.18
	0.66
	0.42
	0.18
	0.66

	1
	0.37
	-0.05
	0.78
	0.38
	0.16
	0.58
	0.38
	0.16
	0.58

	2
	0.35
	-0.02
	0.71
	0.35
	0.16
	0.53
	0.35
	0.16
	0.53

	3
	0.33
	-0.01
	0.64
	0.32
	0.16
	0.48
	0.32
	0.16
	0.48

	4
	0.30
	0.01
	0.59
	0.30
	0.16
	0.44
	0.30
	0.16
	0.44

	5
	0.28
	0.03
	0.53
	0.28
	0.15
	0.40
	0.28
	0.15
	0.40


Table 2.1b. RSRP measurement Success Rate  in Scenario1(1UE) under AWGN
	SNR
	1-A
	1-B
	1-C

	-6
	0.0000 
	0.0000 
	0.0463 

	-5
	0.0000 
	0.0000 
	0.2839 

	-4
	0.0000 
	0.0000 
	0.5082 

	-3
	0.0000 
	0.0000 
	0.6970 

	-2
	0.0023 
	0.0048 
	0.7495 

	-1
	0.1396 
	0.2648 
	0.7861 

	0
	0.7658 
	0.9181 
	0.9423 

	1
	0.9932 
	0.9987 
	0.9987 

	2
	0.9999 
	1.0000 
	1.0000 

	3
	1.0000 
	1.0000 
	1.0000 

	4
	1.0000 
	1.0000 
	1.0000 

	5
	1.0000 
	1.0000 
	1.0000 


· Scenario 1(1UE) : EPA5

Table 2.2a. CDF of delta RSRP in Scenario1(1UE) under EPA5
	
	1-A
	1-B
	1-C

	SNR
	50%
	5%
	95%
	50%
	5%
	95%
	50%
	5%
	95%

	-6
	2.33 
	0.67 
	3.74 
	0.60 
	-0.77 
	2.92 
	0.50 
	-0.94 
	2.23 

	-5
	2.10 
	0.29 
	3.61 
	0.65 
	-0.78 
	2.49 
	0.55 
	-0.56 
	1.90 

	-4
	1.97 
	-0.05 
	3.49 
	0.64 
	-0.45 
	2.42 
	0.52 
	-0.37 
	1.61 

	-3
	1.66 
	-0.45 
	3.23 
	0.60 
	-0.31 
	1.97 
	0.53 
	-0.17 
	1.44 

	-2
	1.61 
	-0.20 
	3.08 
	0.61 
	-0.17 
	1.72 
	0.52 
	-0.06 
	1.28 

	-1
	1.47 
	-0.25 
	2.87 
	0.58 
	-0.05 
	1.52 
	0.51 
	-0.02 
	1.23 

	0
	1.26 
	-0.40 
	2.58 
	0.54 
	-0.02 
	1.30 
	0.49 
	0.00 
	1.13 

	1
	1.06 
	-0.54 
	2.35 
	0.51 
	0.02 
	1.19 
	0.47 
	0.03 
	1.08 

	2
	0.90 
	-0.65 
	2.14 
	0.47 
	0.03 
	1.12 
	0.44 
	0.04 
	1.03 

	3
	0.76 
	-0.75 
	1.99 
	0.43 
	0.05 
	1.05 
	0.41 
	0.04 
	0.99 

	4
	0.65 
	-0.86 
	1.83 
	0.41 
	0.05 
	1.00 
	0.39 
	0.04 
	0.95 

	5
	0.58 
	-0.93 
	1.76 
	0.39 
	0.04 
	0.95 
	0.37 
	0.04 
	0.92 


Table 2.2b. RSRP measurement Success Rate  in Scenario1(1UE) under EPA5
	SNR
	1-A
	1-B
	1-C

	-6
	0.0060 
	0.0105 
	0.1536 

	-5
	0.0255 
	0.0458 
	0.2602 

	-4
	0.0662 
	0.1103 
	0.3838 

	-3
	0.1154 
	0.2238 
	0.5069 

	-2
	0.2276 
	0.3548 
	0.6184 

	-1
	0.3439 
	0.4971 
	0.7129 

	0
	0.4631 
	0.6350 
	0.7909 

	1
	0.5837 
	0.7487 
	0.8528 

	2
	0.6912 
	0.8282 
	0.8947 

	3
	0.7722 
	0.8870 
	0.9267 

	4
	0.8271 
	0.9233 
	0.9488 

	5
	0.8853 
	0.9503 
	0.9658 


· Scenario 1(1UE) : ETU70

Table 2.3a. CDF of delta RSRP in Scenario1(1UE) under ETU70
	
	1-A
	1-B
	1-C

	SNR
	50%
	5%
	95%
	50%
	5%
	95%
	50%
	5%
	95%

	-6
	2.74 
	0.30 
	4.68 
	1.34 
	-0.86 
	3.53 
	0.59 
	-1.58 
	2.76 

	-5
	2.68 
	0.46 
	4.21 
	0.67 
	-0.97 
	3.16 
	0.57 
	-1.04 
	2.24 

	-4
	2.31 
	0.07 
	4.08 
	0.84 
	-0.79 
	2.81 
	0.60 
	-0.59 
	1.80 

	-3
	2.14 
	-0.23 
	3.95 
	0.80 
	-0.55 
	2.49 
	0.61 
	-0.28 
	1.49 

	-2
	1.87 
	-0.39 
	3.70 
	0.76 
	-0.31 
	2.14 
	0.58 
	-0.13 
	1.36 

	-1
	1.62 
	-0.43 
	3.37 
	0.69 
	-0.15 
	1.62 
	0.55 
	-0.09 
	1.20 

	0
	1.39 
	-0.49 
	2.94 
	0.61 
	-0.04 
	1.38 
	0.52 
	-0.09 
	1.14 

	1
	1.19 
	-0.48 
	2.56 
	0.55 
	-0.05 
	1.18 
	0.48 
	-0.08 
	1.04 

	2
	0.97 
	-0.61 
	2.29 
	0.47 
	-0.06 
	1.05 
	0.42 
	-0.09 
	0.95 

	3
	0.79 
	-0.73 
	2.03 
	0.44 
	-0.07 
	0.99 
	0.40 
	-0.13 
	0.91 

	4
	0.63 
	-0.86 
	1.84 
	0.39 
	-0.11 
	0.90 
	0.39 
	-0.11 
	0.88 

	5
	0.52 
	-0.99 
	1.74 
	0.37 
	-0.12 
	0.87 
	0.35 
	-0.14 
	0.83 


Table 2.3b. RSRP measurement Success Rate  in Scenario1(1UE) under ETU70
	SNR
	1-A
	1-B
	1-C

	-6
	0.0012 
	0.0028 
	0.0788 

	-5
	0.0067 
	0.0146 
	0.1684 

	-4
	0.0242 
	0.0461 
	0.2924 

	-3
	0.0626 
	0.1255 
	0.4322 

	-2
	0.1326 
	0.2449 
	0.5637 

	-1
	0.2320 
	0.3956 
	0.6754 

	0
	0.3560 
	0.5557 
	0.7662 

	1
	0.4876 
	0.6989 
	0.8339 

	2
	0.6086 
	0.8063 
	0.8864 

	3
	0.7168 
	0.8790 
	0.9235 

	4
	0.8034 
	0.9243 
	0.9473 

	5
	0.8684 
	0.9549 
	0.9659 


· Scenario 2(2UEs) : AWGN
Table 2.4a. CDF of delta RSRP in Scenario2(2UEs) under AWGN
	
	2-A
	2-B
	2-C

	SNR(SINR)
	50%
	5%
	95%
	50%
	5%
	95%
	50%
	5%
	95%

	3 (-1.76)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	6 (1.24)
	NA
	NA
	NA
	NA
	NA
	NA
	3.07 
	2.96 
	3.18 

	9 (4.24)
	2.09 
	1.95 
	2.22 
	2.08 
	2.02 
	2.15 
	2.08 
	2.02 
	2.15 

	12 (7.24)
	1.40 
	1.30 
	1.51 
	1.40 
	1.35 
	1.46 
	1.40 
	1.35 
	1.46 


Table 2.4b. RSRP measurement Success Rate  in Scenario2(2UEs) under AWGN
	SNR(SINR)
	2-A
	2-B
	2-C

	3 (-1.76)
	0.0000 
	0.0000 
	0.0000 

	6 (1.24)
	0.0000 
	0.0000 
	0.5159 

	9 (4.24)
	0.9443 
	0.9848 
	0.9866 

	12 (7.24)
	1.0000 
	1.0000 
	1.0000 


· Scenario 2(2UEs) : EPA5
Table 2.5a. CDF of delta RSRP in Scenario2(2UEs) under EPA5
	
	2-A
	2-B
	2-C

	SNR(SINR)
	50%
	5%
	95%
	50%
	5%
	95%
	50%
	5%
	95%

	3 (-1.76)
	3.21 
	-0.60 
	7.01 
	3.24 
	1.07 
	5.75 
	3.29 
	1.41 
	5.44 

	6 (1.24)
	2.03 
	-1.34 
	4.55 
	1.97 
	0.35 
	3.82 
	2.03 
	0.52 
	3.80 

	9 (4.24)
	1.33 
	-1.32 
	3.45 
	1.30 
	0.05 
	2.65 
	1.30 
	0.08 
	2.63 

	12 (7.24)
	0.89 
	-1.49 
	2.74 
	0.88 
	-0.08 
	1.93 
	0.87 
	-0.08 
	1.91 


Table 2.5b. RSRP measurement Success Rate  in Scenario2(2UEs) under EPA5
	SNR(SINR)
	2-A
	2-B
	2-C

	3 (-1.76)
	0.3619 
	0.5107 
	0.6707 

	6 (1.24)
	0.5555 
	0.7073 
	0.7999 

	9 (4.24)
	0.7765 
	0.8687 
	0.9048 

	12 (7.24)
	0.9174 
	0.9546 
	0.9648 


· Scenario 2(2UEs) : ETU70
Table 2.5a. CDF of delta RSRP in Scenario2(2UEs) under ETU70
	
	2-A
	2-B
	2-C

	SNR(SINR)
	50%
	5%
	95%
	50%
	5%
	95%
	50%
	5%
	95%

	3 (-1.76)
	3.97 
	0.37 
	7.67 
	3.61 
	1.70 
	5.46 
	3.57 
	2.01 
	5.06 

	6 (1.24)
	2.32 
	-0.33 
	4.67 
	2.13 
	0.86 
	3.37 
	2.17 
	0.97 
	3.32 

	9 (4.24)
	1.55 
	-0.42 
	3.27 
	1.39 
	0.41 
	2.35 
	1.38 
	0.42 
	2.33 

	12 (7.24)
	0.98 
	-0.72 
	2.45 
	0.88 
	0.08 
	1.69 
	0.88 
	0.07 
	1.68 


Table 2.5b. RSRP measurement Success Rate  in Scenario2(2UEs) under ETU70
	SNR(SINR)
	2-A
	2-B
	2-C

	3 (-1.76)
	0.2597 
	0.4550 
	0.6044 

	6 (1.24)
	0.4138 
	0.6383 
	0.7338 

	9 (4.24)
	0.6769 
	0.8509 
	0.8853 

	12 (7.24)
	0.8718 
	0.9542 
	0.9619 


From the simulation results, we can see some observations.
From the simulation results, we can see some observation assuming no incremental redundancy for PSDCH transmissions as below.

· Observation 1 : The RSRP measurement success rate in performing soft combining is higher than in not performing when PSDCH retransmission was applied.
· Observation 2 : For non-colliding case of 1 UE transmission, there is about 2~3dB difference between enable soft combining and disable soft combining at RSRP measurement success rate of 70%.
· Observation 3 : For non-colliding case of 1 UE transmission, absolute SRSRP measurement accuracy can be reused with existing requirement at SINR corresponding to RSRP measurement success rate of 70%.
· Observation 4 : For colliding case of 2 UE transmission with same resource allocation, there is about 2~3dB difference between enable soft combining and disable soft combining at RSRP measurement success rate of 70%.
· Observation 5 : For colliding case of 2 UE transmission with same resource allocation, SINR is 2~3dB higher than non-colliding at RSRP measurement success rate of 70%.
· Observation 6 : For colliding case  of 2 UE transmission with same resource allocation, absolute SRSRP measurement accuracy can be reused with existing requirement  at SINR corresponding to RSRP measurement success rate of 70%.
Based on these observations, we propose as below.
· Proposal 1 : For minimum SRSRP measurement requirement of relay UE selection, it should not mandate soft combining in UE side.
· Proposal 2 : For  minimum SRSRP measurement requirement of relay UE selection, it should not mandate specific implementation in UE side.
· Proposal 3 : We propose to consider SINR value which corresponds to RSRP measurement success rate of 70% or above, for stable relay UE selection based on measurement accuracy of RSRP.
· Proposal 4 : We propose SINR of 3dB as side condition because it meets both non-colliding and colliding at RSRP measurement success rate of 70% or above.  
· Proposal 5 : SRSRP measurement accuracy requirement of Rel-12 can be reused for relay UE selection at SINR which corresponds to RSRP measurement success rate of 70% or above.
3 Conclusion
In this paper, we investigated the simulation results of sidelink measurement of relay UE in aspects of delta RSRP and RSRP measurement success rate in both resource non-colliding and colliding of PSDCH. Based on the results, we addressed some observations and proposals for measurement accuracy requirements. 

· Observation 1 : The RSRP measurement success rate in performing soft combining is higher than in not performing when PSDCH retransmission was applied.
· Observation 2 : For non-colliding case of 1 UE transmission, there is about 2~3dB difference between enable soft combining and disable soft combining at RSRP measurement success rate of 70%.
· Observation 3 : For non-colliding case of 1 UE transmission, absolute SRSRP measurement accuracy can be reused with existing requirement at SINR corresponding to RSRP measurement success rate of 70%.
· Observation 4 : For colliding case of 2 UE transmission with same resource allocation, there is about 2~3dB difference between enable soft combining and disable soft combining at RSRP measurement success rate of 70%.
· Observation 5 : For colliding case of 2 UE transmission with same resource allocation, SINR is 2~3dB higher than non-colliding at RSRP measurement success rate of 70%.
· Observation 6 : For colliding case  of 2 UE transmission with same resource allocation, absolute SRSRP measurement accuracy can be reused with existing requirement  at SINR corresponding to RSRP measurement success rate of 70%.
· Proposal 1 : For minimum SRSRP measurement requirement of relay UE selection, it should not mandate soft combining in UE side.
· Proposal 2 : For  minimum SRSRP measurement requirement of relay UE selection, it should not mandate specific implementation in UE side.
· Proposal 3 : We propose to consider SINR value which corresponds to RSRP measurement success rate of 70% or above, for stable relay UE selection based on measurement accuracy of RSRP.
· Proposal 4 : We propose SINR of 3dB as side condition because it meets both non-colliding and colliding at RSRP measurement success rate of 70% or above.  
· Proposal 5 : SRSRP measurement accuracy requirement of Rel-12 can be reused for relay UE selection at SINR which corresponds to RSRP measurement success rate of 70% or above.
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