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1. Introduction

In Rel-13 the eD2D relaying functionality is being introduced. The key idea is to extend network coverage using L3-based UE-to-Network Relays based on the Rel-12 D2D Sidelink physical layer. To facilitate efficient D2D Relay discovery, selection and reselection, sidelink radio level measurement can be used. In particular, PSDCH-based SL RSPR measurements for relay UE selection were agreed to be introduced by the RAN1/RAN2 WGs. In the previous meetings the topic was discussed in RAN4 and the feasibility of the RSRP measurements was confirmed [1]. In addition, a WF on Sidelink RSRP measurements for relay UE selection was agreed in RAN4 #76 [2]. In the last RAN4 meeting, the measurements accuracy and availability was discussed and a number of further agreements were reached and are captured in the WF [3]:

	· Proposal 1: Companies encouraged to provide results for both colliding and non-colliding PSDCH case
· RAN4 has not yet concluded on whether SD-RSRP requirements are to be defined for colliding PSDCH case or for non-colliding PSDCH case
· Down-selection can be made in RAN4#77 for the purpose of defining the requirements
· Proposal 2: Specify requirements only for numRetx = 3
· Time separation between two retransmissions
· AWGN (for simulations and requirements): N/A
· Fading (for simulations)
· 0ms (subsequent subframes)
· Optionally companies can provide results for 4ms, 8ms, 20ms
· The SD-RSRP accuracy shall be met over L1 measurement period (T1); PSDCH transmission and retransmissions are assumed to be transmitted within T1.
· Proposal 3: Assume soft-combining to define SD-RSRP accuracy requirements
· Note these measurements are applicable to UEs that support both discovery and communications
· Assuming non-concurrent WAN / D2D communication operation
· Does not mandate soft-combining for legacy discovery (not related to Relay discovery)
· Does not mandate any UE implementation
· Proposal 4: Use existing RSRP/S-RSRP accuracy requirements with minimum SINR is derived based on (Impairment results + Margin) for PSDCH demodulation s.t.,
· Legacy RSRP/S-RSRP measurement accuracy requirements are met
· PSDCH BLER is < 0.01%

· Companies are encouraged to provide impairment results in the next meeting based on simulation assumptions in R4-155193


In this contribution we provide further analysis of the PSDCH-based RSRP measurements for relay UE selection and make recommendations on the definition of the target requirements.

2. Discussion on the RSRP requirements
The key agreements on the Sidelink PSDCH based RSRP measurements were reached in the previous RAN4 meeting. Below, we share our views on the remaining details of the RSRP measurement requirements.
PSDCH scenario
Based on the discussion in the last meeting the SL PSDCH RSRP requirements should be introduced for either colliding or non-colliding PSDCH transmission scenario. Depending on the density of the relay nodes deployment and D2D discovery type and resource pool configuration, the PSDCH transmissions from the neighboring relay nodes may take place in the same time/frequency resources. Given that the all PSDCH have same DMRS sequence, in case of DMRS based RSRP estimation the sum power of all PSDCH transmissions on the same resource would be estimated resulting in the biased estimates. As shown in Section 3, the RSRP accuracy may be degraded in case of PSDCH collisions, however, the accuracy is still rather acceptable for the PSDCH BLER = 1% operating point. However, we would like to note that there is no principal difference in the UE implementations for the noise-limited and interference-limited environments. In the practical deployments both scenarios may happen. At the same time, the requirements for the interference scenario are very ambiguous and would depend on the interferer INR. To simplify requirements definition, the RSRP accuracy requirements can be defined with respect to the PSDCH collision free scenario. In case the performance requirements are introduced then both scenarios can be considered. Alternatively, different requirements can be defined for the interference-free and interference-limited conditions.
Proposal #1:
The RSRP requirements are defined under assumption of no PSDCH collisions.
PSDCH RSRP requirements
Based on the last meeting agreements the requirements should be defined as follows [3]:

· Use existing RSRP/S-RSRP accuracy requirements with minimum SINR is derived based on (Impairment results + Margin) for PSDCH demodulation s.t.,
· Legacy RSRP/S-RSRP measurement accuracy requirements are met
· PSDCH BLER is < 0.01%

In accordance to the results of the analysis in Section 3, the operating SINR point corresponding to 1% PDSCH BLER depends on the considered scenario. The summary of the SINR values is provided in the table below. In addition we provide the estimated RSRP accuracy corresponding to the target SINR. It can be seen for the estimated SNR operating points the legacy RSRP/S-RSRP measurement accuracy requirements are satisfied with considerable margin. As mentioned above, we recommend to define the requirements under assumption of PSDCH interference-free conditions. Furthermore, we think that the requirements should be defined for the EPA5 propagation environment, which can be considered as a sort of lower bound performance.
Table 1. Sidelink RSRP results summary

	Scenario
	Channel model
	SINR for 1% BLER, dB (with impairments)
	RSRP accuracy

	Scenario #1 
(Noise limited)
	AWGN
	-2.8
	±1.0 dB

	
	EPA5
	3.6
	±0.5 dB

	
	ETU70
	1.3
	±0.6 dB

	Scenario #2 
(Interference limited)
	AWGN
	2.5
	±1.3 dB

	
	EPA5
	6.1
	±1.5 dB

	
	ETU70
	4.7
	±1.3 dB


Proposal #2:
The Sidelink PSDCH RSRP requirements are defined for the SINR > 3.6 dB.
PSDCH RSRP accuracy verification
Based on the discussion in the last meeting, there may be certain difficulties with the introduction of the test cases for the verification of the PSDCH based RSRP measurements performance due to the fact the UE is not expected to report the measured RSRP metrics but rather use it only for the Relay selection procedure. In our view, verification of the measurement functionality is always beneficial and hence potential workarounds can be further discussed in RAN4.
Proposal #3:
Further discuss whether and how to introduce performance test cases to verify PSDCH RSRP measurement accuracy.
3. Simulation results

3.1 Scenario #1 (noise-limited)

In this section we provide the simulation results for the noise-limited Scenario #1 in accordance to [2]. In Figure 1 we illustrate the PSDCH BLER performance and also the RSRP measurements accuracy statistics for the AWGN, EPA5 and ETU70 conditions under assumption of PSDCH interference free conditions. The simulation results summary is also provided in Table 2.
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	Figure 1. RSRP measurement performance results – Scenario #1 (noise-limited)


Table 2. RSRP measurement performance summary (Scenario #1)

	Channel model
	SNR, dB
	RSRP error, dB
	RSRP measurement success rate, %
	SNR for 1% BLER, dB (with impairments)

	
	
	5% CDF
	95% CDF
	max(|5%|, |95%|) [dB]
	
	

	AWGN
	-10
	NA
	NA
	NA
	0
	-2.8

	
	-9
	NA
	NA
	NA
	0
	

	
	-8
	NA
	NA
	NA
	0
	

	
	-7
	-0.47
	2.54
	2.54
	6
	

	
	-6
	-1.01
	1.89
	1.89
	59
	

	
	-5
	-1.13
	1.52
	1.52
	98
	

	
	-4
	-1.01
	1.26
	1.26
	100
	

	
	-3
	-0.91
	1.05
	1.05
	100
	

	
	-2
	-0.76
	0.90
	0.90
	100
	

	
	-1
	-0.67
	0.77
	0.77
	100
	

	
	0
	-0.61
	0.66
	0.66
	100
	

	EPA5
	-5
	-0.88
	1.48
	1.48
	59
	3.6

	
	-4
	-0.86
	1.38
	1.38
	71
	

	
	-3
	-0.82
	1.25
	1.25
	82
	

	
	-2
	-0.75
	1.15
	1.15
	89
	

	
	-1
	-0.71
	1.00
	1.00
	94
	

	
	0
	-0.66
	0.89
	0.89
	97
	

	
	1
	-0.60
	0.75
	0.75
	98
	

	
	2
	-0.50
	0.66
	0.66
	99
	

	
	3
	-0.48
	0.57
	0.57
	100
	

	
	4
	-0.40
	0.48
	0.48
	100
	

	
	5
	-0.37
	0.42
	0.42
	100
	

	ETU70
	-5
	-0.91 
	1.44
	1.44
	57
	1.3

	
	-4
	-0.90
	1.32
	1.32
	76
	

	
	-3
	-0.88 
	1.13
	1.13
	89
	

	
	-2
	-0.81
	0.98
	0.98
	96
	

	
	-1
	-0.76 
	0.82
	0.82
	99 
	

	
	0
	-0.69
	0.69
	0.69
	100
	

	
	1
	-0.62
	0.57
	0.62
	100
	

	
	2
	-0.54
	0.49
	0.54
	100
	

	
	3
	-0.49
	0.42
	0.40
	100
	

	
	4
	-0.44
	0.35
	0.44
	100
	

	
	5
	-0.39
	0.30
	0.30
	100
	


3.2 Scenario #2 (interference-limited)

In this section we provide the simulation results for the interference-limited Scenario #2 in accordance to [2]. In Figure 2 we illustrate the PSDCH BLER performance and also the RSRP measurements accuracy statistics for the AWGN, EPA5 and ETU70 conditions under assumption of PSDCH interference conditions. The simulation results summary is also provided in Table 3.
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	Figure 2. RSRP measurement performance results – Scenario #2 (interference-limited)


Table 3. RSRP measurement performance summary (Scenario #2)

	Channel model
	SINR, dB
	RSRP error, dB
	RSRP measurement success rate, %
	SNR for 1% BLER, dB (with impairments)

	
	
	5% CDF
	95% CDF
	max(|5%|, |95%|) [dB]
	
	

	AWGN
	-3
	NA
	NA
	NA
	0 
	2.5

	
	-2
	NA
	NA
	NA
	0
	

	
	-1
	1.06
	2.59
	2.59
	8
	

	
	0
	0.41
	2.16
	2.16
	88
	

	
	1
	0.13
	1.79
	1.79
	100
	

	
	2
	-0.03
	1.50
	1.50
	100
	

	
	3
	-0.13
	1.26
	1.26
	100
	

	
	4
	-0.20
	1.05
	1.05
	100
	

	
	5
	-0.24
	0.89
	0.89
	100
	

	
	6
	-0.24
	0.75
	0.75
	100
	

	
	7
	-0.25
	0.64
	0.64
	100
	

	EPA5
	-3
	0.50
	7.66
	7.66
	88
	6.1

	
	-2
	0.30
	6.90
	6.90
	90
	

	
	-1
	0.18
	5.97
	5.97
	92
	

	
	0
	0.08
	5.13
	5.13
	94
	

	
	1
	0.04
	4.43
	4.43
	95
	

	
	2
	-0.04
	3.68
	3.68
	97
	

	
	3
	-0.07
	2.82
	2.82
	98
	

	
	4
	-0.12
	2.36
	2.36
	99
	

	
	5
	-0.14
	1.80
	1.80
	99
	

	
	6
	-0.14
	1.51
	1.51
	100
	

	
	7
	-0.16
	1.22
	1.22
	100
	

	ETU70
	-3
	0.78
	5.72
	5.72
	82
	4.7

	
	-2
	0.45
	4.92
	4.92
	85
	

	
	-1
	0.21
	4.13
	4.13
	89
	

	
	0
	0.02
	3.37
	3.37
	93
	

	
	1
	-0.11
	2.74
	2.74
	96
	

	
	2
	-0.20
	2.23
	2.23
	98
	

	
	3
	-0.25
	1.83
	1.83
	99
	

	
	4
	-0.33
	1.51
	1.51
	100
	

	
	5
	-0.36
	1.25
	1.25
	100
	

	
	6
	-0.37
	1.01
	1.01
	100
	

	
	7
	-0.36
	0.83
	0.83
	100
	


4. Conclusions

In this contribution we have shared our views on the views on different aspects of the PSDCH-based RSRP measurements. In summary, make the following proposals:
Proposal #1:
The RSRP requirements are defined under assumption of no PSDCH collisions.
Proposal #2:
The Sidelink PSDCH RSRP requirements are defined for the SINR > 3.6 dB.
Proposal #3:
Further discuss whether and how to introduce performance test cases to verify PSDCH RSRP measurement accuracy.
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