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1. Introduction

In RAN4#76, we agreed on the simulation assumptions for evaluating the measurement accuracy requirements for Sidelink discovery RSRP (SD-RSRP) in R4-155193. In this paper, we present the simulation results and propose the accuracy requirements for SD-RSRP. 
The paper is organized as follows:
· Section 2 discusses the background
· Section 3 elaborates on some further details for simulation assumptions

· Section 4 presents the simulation results

· Section 5 proposes the RAN4 requirements on SD-RSRP measurements

2. Background 
In this section, we summarize the discussion presented in our previous paper R4-154347 on this topic.
Compared to legacy RSRP and S-RSRP measurement accuracy requirements, the key differences for SD-RSRP are as follows:
1. L1 filtering is possible only within one discovery period. 

This is because RSRP filtering needs to be done only across resources with the same decoded ID. The decoded ID (i.e., ProSe app code) is however not expected to be known at L1 (or L2). This aspect was also reflected in the agreed simulation assumptions (R4-155193)

2. PSDCH is sent over 2 RBs and will limit the accuracy of the measurement (at a given SNR).
Even with 4 (max) retransmissions configured, the maximum number of resource elements with DMRS equals 192. Compared to legacy, RSRP and S-RSRP are derived with averaging over 240 and 288 resource elements, respectively. Thus even with 4 (max) retransmissions configured, the accuracy of SD-RSRP at a given SINR is expected to be worse than RSRP/S-RSRP.
3.  The minimum SNR at which the accuracy requirements SD-RSRP are defined is expected to be higher than legacy RSRP/S-RSRP.

This is because PSDCH BLER needs to be considered as SD-RSRP measurements can be done only if PSDCH decode is successful. As discussed in R4-154347, the SD-RSRP accuracy requirement (of T dB) can be expressed as:
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Thus the decoding SNR requirements of PSDCH will affect the measurement accuracy w.r.t. success rate of SD-RSRP measurements. This was also agreed as a part of the simulation assumptions R4-155193. 

To maintain a high rate of success, the minimum SNR at which the accuracy requirements are defined is thus expected to be higher at -6dB. 
4. Interference due to colliding PSDCH (i.e., using SNR vs SINR for defining SD-RSRP requirements)
As discussed in R4-154347 and agreed in the simulation assumptions R4-155193, with colliding PSDCH the accuracy performance is expected to degrade. This is because the DMRS base sequence used for PSDCH is same for all UEs, and hence will not be separable at the receiver. The SD-RSRP measurement accuracy will hence be impacted since the channel estimation (and noise estimation) at the receiver will be degraded. 
Observation 1: Compared to legacy RSRP/S-RSRP definitions, unique considerations for SD-RSRP include:
a) L1 filtering possible only among retransmissions within one discovery pool.
b) Reduced number of resource elements with DMRS as PSDCH is sent over 2RBs and maximum of 4 retransmissions per discovery period.
c) PSDCH BLER needs to be considered for as RSRP measurements can be done only if PSDCH decode is successful.
d) Using SNR vs SINR as colliding PSDCH interference can degrade SD-RSRP measurements.
3. Further details for simulation assumptions
In R4 #76, we agreed on the simulation assumptions for defining the SD-RSRP measurement accuracy requirements. One aspect that was discussed during the meeting, but not formerly agreed as a part of the simulation assumptions is with regard to the resource elements used for L1 averaging.
Some of the options that were discussed as follows:
Without soft-combining:

· Option 1: Averaging over each retransmission that were successfully decoded.
· Pro: Better tail performance expected (than Option 2). This is also aligned with R1 description.

· Con: Implies redundant decode attempts after the first retransmission that passed. Nonetheless, this is only for minimum performance and as such does not mandate this as the UE implementation.
· Option 2: Averaging over the first retransmission that was successfully decoded + the expected subsequent retransmissions without decoding.
· Pro: Does not require redundant decodes

· Con: Slight degradation in tail performance can be expected as we might end up averaging over retransmissions that may not be decodable.

With soft-combining:

· Option 1: Averaging over all retransmission if CRC passed after soft-combining of all retransmissions.

Note that the discussion on the UE behavior here is for the purpose of defining the minimum accuracy requirements only. It’s up to UE implementation on how to meet those requirements. Moreover, as will become evident from the final proposal on the minimum accuracy requirements, it’s likely that all implementation options above are feasible to the requirements. 
The result presented in this paper assume Option 1 mentioned above. 
Observation 2: The results presented in this paper assume the following w.r.t. resources used for L1 averaging:

· Without soft-combining: Averaging over each retransmission that were successfully decoded.
· With soft-combining: Averaging over all retransmission if CRC passed after soft-combining of all retransmissions
4. Further details for simulation assumptions

4.1. Scenario 1 (without colliding PSDCH)

	Propagation channel 
	#HARQ
	Soft-Combining
	SNR [dB]
	Delta PSDCH-RSRP 
= Measured PSDCH-RSRP – Ideal PSDCH-RSRP
	Measurement success rate 
(1-BLER)

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

	AWGN
	1
	N/A
	-6
	-
	-
	-
	0%

	
	
	
	-3
	-
	-
	-
	0%

	
	
	
	0
	-0.46
	1.76
	1.76
	61.20%

	
	
	
	3
	-0.41
	1.24
	1.24
	99.98%

	
	4
	No
	-6
	-
	-
	-
	0%

	
	
	
	-3
	-
	-
	-
	0%

	
	
	
	0
	-0.26
	1.39
	1.39
	95.36%

	
	
	
	3
	-0.14
	0.70
	0.70
	100%

	
	
	Yes
	-6
	0.43
	2.45
	2.45
	14.24%

	
	
	
	-3
	-0.14
	1.48
	1.48
	100%

	
	
	
	0
	-0.17
	1.01
	1.01
	100%

	
	
	
	3
	-0.14
	0.70
	0.70
	100%

	EPA5
	1
	N/A
	-6
	-0.79
	1.39
	1.39
	0.60%

	
	
	
	-3
	-0.92
	1.26
	1.26
	10.58%

	
	
	
	0
	-0.87
	1.14
	1.14
	43.90%

	
	
	
	3
	-0.76
	0.92
	0.92
	74.76%

	
	4
	No
	-6
	-0.58
	1.07
	1.07
	1.06%

	
	
	
	-3
	-0.62
	1.06
	1.06
	16.24%

	
	
	
	0
	-0.49
	0.81
	0.81
	51.62%

	
	
	
	3
	-0.39
	0.58
	0.58
	79.48%

	
	
	Yes
	-6
	-0.61
	1.28
	1.28
	35.08%

	
	
	
	-3
	-0.57
	1.12
	1.12
	68.84%

	
	
	
	0
	-0.50
	0.87
	0.87
	89.24%

	
	
	
	3
	-0.40
	0.65
	0.65
	96.58%

	ETU70
	1
	N/A
	-6
	-0.70
	1.49
	1.49
	0.40%

	
	
	
	-3
	-0.98
	1.14
	1.14
	7.36%

	
	
	
	0
	-1.02
	1.01
	1.02
	35.22%

	
	
	
	3
	-1.01
	0.78
	1.01
	68.44%

	
	4
	No
	-6
	-1.07
	1.13
	1.13
	0.70%

	
	
	
	-3
	-0.76
	1.05
	1.05
	13.74%

	
	
	
	0
	-0.78
	0.82
	0.82
	53.80%

	
	
	
	3
	-0.67
	0.56
	0.67
	87.54%

	
	
	Yes
	-6
	-0.69
	1.32
	1.32
	26.86%

	
	
	
	-3
	-0.69
	1.08
	1.08
	68.42%

	
	
	
	0
	-0.71
	0.76
	0.76
	94.08%

	
	
	
	3
	-0.67
	0.47
	0.67
	99.44%


For AWGN case, CDF curves for SD-RSRP and BLER curves are provided in Appendix B. 
Observation 3: The following observations are drawn from results for Scenario 1 (non-colliding PSDCH):
· For AWGN with 1 HARQ, the minimum SNR for high measurement success rate (>99.99%) will exceed 3dB.

· For AWGN with 4 HARQ and without soft combining, the minimum SNR for high success rate is 3dB.

· For AWGN with 4 HARQ and with soft combining, the minimum SNR for high success rate is -3dB. Further, the accuracy performance is same as legacy RSRP / S-RSRP (baseband accuracy of <2dB).
4.2. Scenario 2 (with colliding PSDCH)
	Propagation channel 
	#HARQ
	Soft-Combining
	SINR [dB]
	Delta PSDCH-RSRP 
= Measured PSDCH-RSRP – Ideal PSDCH-RSRP
	Measurement success rate 
(1-BLER)

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

	AWGN
	1
	N/A
	3
	2.36
	2.94
	2.94
	0.70%

	
	
	
	6
	1.54
	2.13
	2.13
	99.00%

	
	
	
	9
	1.02
	1.50
	1.50
	100%

	
	4
	No
	3
	2.25
	3.03
	3.03
	1.96%

	
	
	
	6
	1.63
	1.93
	1.93
	100%

	
	
	
	9
	1.09
	1.33
	1.34
	100%

	
	
	Yes
	3
	2.39
	2.76
	2.76
	100%

	
	
	
	6
	1.62
	1.93
	1.93
	100%

	
	
	
	9
	1.09
	1.33
	1.34
	100%

	EPA5
	1
	N/A
	3
	-1.56
	2.03
	2.03
	44.7%

	
	
	
	6
	-1.35
	1.73
	1.73
	74.4%

	
	
	
	9
	-1.10
	1.35
	1.35
	90.7%

	
	4
	No
	3
	-1.52
	1.98
	1.98
	48.1%

	
	
	
	6
	-1.34
	1.71
	1.71
	77.8%

	
	
	
	9
	-1.09
	1.44
	1.44
	93.2%

	
	
	Yes
	3
	-1.66
	2.59
	2.59
	76.0%

	
	
	
	6
	-1.42
	2.17
	2.17
	92.7%

	
	
	
	9
	-1.14
	1.64
	1.64
	98.0%

	ETU70
	1
	N/A
	3
	-1.96
	2.29
	2.29
	39.2%

	
	
	
	6
	-1.80
	1.93
	1.93
	70.6%

	
	
	
	9
	-1.53
	1.45
	1.53
	89.4%

	
	4
	No
	3
	-1.82
	2.32
	2.32
	56.4%

	
	
	
	6
	-1.74
	1.89
	1.89
	87.9%

	
	
	
	9
	-1.46
	1.41
	1.46
	98.5%

	
	
	Yes
	3
	-1.83
	2.82
	2.82
	80.9%

	
	
	
	6
	-1.68
	2.13
	2.13
	96.9%

	
	
	
	9
	-1.45
	1.46
	1.46
	99.8%


For AWGN case, CDF curves for SD-RSRP are provided in Appendix C. 

As can be seen from the results, the colliding PSDCH will affect both the PSDCH BLER (measurement success rate) and the accuracy of the measurements. Even for the best case of AWGN with 4 HARQ and assuming soft-combining at the receiver, the minimum SINR at which the requirement can be defined is 3dB (compare with -3dB for non-colliding case). Further, the accuracy requirements will also be degraded at that SINR point. 

It should be also emphasized that the impact due to colliding PSDCH will vary based on the T/F offset between the two links, with the worst-case expected when there is zero T/F offset between the two links.

Hence, in our view, it’s pointless to define the SD-RSRP requirements in presence of colliding PSDCH as it will lead to requirements that are irrelevant for the case of non-colliding PSDCH. Further, even for the case of colliding PSDCH alone, the requirements will vary based on various assumptions (T/F offset between links, INR, etc.).

Observation 4: The following observations are drawn from results for Scenario 2 (colliding PSDCH):

· Colliding PSDCH impacts both the PSDCH BLER and SD-RSRP accuracy performance 
· For AWGN with 4 HARQ and with soft combining (best results), the minimum SINR for high measurement success rate is 3dB. The SD-RSRP is also degraded compared to legacy at that point.
· Impact due to colliding PSDCH will vary with the T/F offset between desired and colliding transmissions.

· For these reasons, defining SD-RSRP accuracy results with colliding PSDCH is irrelevant (will need to be defined at high SINR of at least 3dB + IM, inferior accuracy performance, function of T/F offset b/w links). 
5. SD-RSRP accuracy requirements 
In this section, we propose the SD-RSRP measurement accuracy requirements. First, we down-select the various configuration options possible for defining the requirements.
5.1. Colliding vs. non-colliding PSDCH

As indicated in the previous section, it seems pointless to define the SD-RSRP requirements in presence of colliding PSDCH as it will lead to requirements that are irrelevant for the case of non-colliding PSDCH. Furthermore, even if we wanted to define for the case of colliding PSDCH alone, the requirements will vary based on various assumptions (T/F offset between links, INR, etc.).
Hence we propose to define the requirement as for non-colliding case. With respect to specifying the requirements, this implies specifying the requirements for SNR instead of SINR. It is understood that with colliding PSDCH the performance can be degraded, and will be a function of INR, SINR, T/F offset between the links, etc.
Proposal 1: Specify SD-RSRP measurement accuracy requirements are as derived for the non-colliding case, i.e. use SNR instead of SINR in the requirements.

5.2. HARQ configuration and soft-combining assumption
Number of HARQ transmissions configured: In the agreed simulation assumptions, we agreed to study the accuracy requirements for #HARQ = 1 and 4. The number of re-transmissions for discovery are configurable as a part of the discovery resource pool. Hence the question is the #HARQ retransmission for which the requirements need to be specified. Some options to consider as follows:

· Option 1: Specify the requirements for all case, i.e. numRetx = 0,1,2,3.
· Option 2: Specify requirements for numRetx = 0, 3
· Option 3: Specify requirements for only numRetx = 3
We propose to define the requirements only for the case of numRetx = 3 (that will be the tightest requirements).
Proposal 2: Specify SD-RSRP measurement accuracy requirements for numRetx = 3. 
Proposal 3: If R4 decides to SD-RSRP for more than one configuration of numRetx, then the only difference between the requirements should be the minimum SNR (i.e. to meet the same accuracy).
Soft-combining assumption at the receiver: As can be seen from the results, the accuracy requirements and minimum SNR varies greatly based on the assumption on soft-combining at the receiver.
In Rel-12, demodulation performance requirements were defined such that soft-combining at the receiver is not mandated. For SD-RSRP, we note that however, this is applicable to remote UE that support both Discovery and Communication. For communication, the UE is required to support soft-combining. From a performance viewpoint, there is a gain with soft-combining for discovery to balance the Discovery and Communications. 

Hence for SD-RSRP requirements, we propose these can be defined assuming soft-combining at the receiver. We emphasize that this assumption is only for UEs that support both Discovery and Communication, and is only for SD-RSRP measurements (i.e., does not apply to normal Discovery operation not related with UE-NW relay search). 
Observation 5: SD-RSRP accuracy requirements are applicable to UEs that support both D2D Discovery and Communication. 

Proposal 4: For the purpose of SD-RSRP measurement accuracy requirements, assume soft-combining is performed at the receiver.

· Applicable to remote UEs only that support both Discovery and Communication

· Assuming non-concurrent WAN / D2D communication operation.

· Applicable only for SD-RSRP measurements, and does not mandate for normal discovery operation.

5.3. SD-RSRP measurement accuracy requirements

We propose to define the accuracy requirement same as legacy requirements, with the only alteration to the minimum SNR at which the requirement is defined. Further, the measurement success rate should be high (> 99.99%) to avoid defining a requirement can be met only a small fraction of the time.
From the simulation results presented in Section 4.1 for AWGN, Scenario 1, 4 HARQ with soft-combining, we note that the minimum SNR for high success rate is -3dB. Further, the accuracy performance is same as legacy RSRP / S-RSRP (baseband accuracy of <2dB).

Proposal 5: SD-RSRP measurement accuracy requirements can reuse existing S-RSRP accuracy requirements with the following changes:

· SNR instead of SINR

· Minimum SNR at which requirement need to be met = -3 dB + [IM] (for numRetx = 3), with IM = 1.5dB.
6. Conclusions

In this contribution, we present the simulation results for SD-RSRP and the following observations/proposals are made.
(General aspects; Simulation assumptions)
Observation 1: Compared to legacy RSRP/S-RSRP definitions, unique considerations for SD-RSRP include:

a) L1 filtering possible only among retransmissions within one discovery pool.

b) Reduced number of resource elements with DMRS as PSDCH is sent over 2RBs and maximum of 4 retransmissions per discovery period.

c) PSDCH BLER needs to be considered for as RSRP measurements can be done only if PSDCH decode is successful.

d) Using SNR vs SINR as colliding PSDCH interference can degrade SD-RSRP measurements.
Observation 2: The results presented in this paper assume the following w.r.t. resources used for L1 averaging:

· Without soft-combining: Averaging over each retransmission that were successfully decoded.
· With soft-combining: Averaging over all retransmission if CRC passed after soft-combining of all retransmissions
(Simulation results)
Observation 3: The following observations are drawn from results for Scenario 1 (non-colliding PSDCH):

· For AWGN with 1 HARQ, the minimum SNR for high measurement success rate (>99.99%) will exceed 3dB.

· For AWGN with 4 HARQ and without soft combining, the minimum SNR for high success rate is 3dB.

· For AWGN with 4 HARQ and with soft combining, the minimum SNR for high success rate is -3dB. Further, the accuracy performance is same as legacy RSRP / S-RSRP (baseband accuracy of <2dB).

Observation 4: The following observations are drawn from results for Scenario 2 (colliding PSDCH):

· Colliding PSDCH impacts both the PSDCH BLER and SD-RSRP accuracy performance 

· For AWGN with 4 HARQ and with soft combining (best results), the minimum SINR for high measurement success rate is 3dB. The SD-RSRP is also degraded compared to legacy at that point.
· Impact due to colliding PSDCH will vary with the T/F offset between desired and colliding transmissions.

· For these reasons, defining SD-RSRP accuracy results with colliding PSDCH is irrelevant (will need to be defined at high SINR of at least 3dB + IM, inferior accuracy performance, function of T/F offset b/w links). 

(SD-RSRP measurement accuracy requirements)
Proposal 1: Specify SD-RSRP measurement accuracy requirements are as derived for the non-colliding case, i.e. use SNR instead of SINR in the requirements.

Proposal 2: Specify SD-RSRP measurement accuracy requirements for numRetx = 3. 
Proposal 3: If R4 decides to SD-RSRP for more than one configuration of numRetx, then the only difference between the requirements should be the minimum SNR (i.e. to meet the same accuracy).
Proposal 4: For the purpose of SD-RSRP measurement accuracy requirements, assume soft-combining is performed at the receiver.

· Applicable to remote UEs only that support both Discovery and Communication

· Assuming non-concurrent WAN / D2D communication operation.

· Applicable only for SD-RSRP measurements, and does not mandate for normal discovery operation.

Proposal 5: SD-RSRP measurement accuracy requirements can reuse existing S-RSRP accuracy requirements with the following changes:

· SNR instead of SINR

· Minimum SNR at which requirement need to be met = -3 dB + [IM] (for numRetx = 3), with IM = 1.5dB.
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8. Appendix A: Simulation assumptions from R4-155193

Table 4: Simulation assumptions for SD-RSRP measurement accuracy

	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

	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


Table 5: Simulation assumption / scenarios for SD-RSRP measurement accuracy

	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
	N/A
	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
	N/A
	AWGN / EPA5 / ETU70

	SNR (D2D UE 1)
	-6..5
	3 dB

	INR (D2D UE 2)
	N/A
	3 /6 /9 dB

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


9. Appendix B: AWGN results for Scenario 1
9.1. PSDCH BLER
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Figure 5: PSDCH BLER without soft-combining
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Figure 6: PSDCH BLER with soft-combining


9.2. SD-RSRP 
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Figure 7: CDF for delta SD-RSRP (AWGN; Scenario 1; #HARQ = 1)
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Figure 8: CDF of delta SD-RSRP (AWGN; Scenario 1; #HARQ = 4 without soft combining)
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Figure 9: CDF of delta SD-RSRP (AWGN; Scenario 1; #HARQ = 4 with soft combining)


10. Appendix C: AWGN results for Scenario 2
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Figure 7: CDF for delta SD-RSRP (AWGN; Scenario 1; #HARQ = 1)
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Figure 8: CDF of delta SD-RSRP (AWGN; Scenario 1; #HARQ = 4 without soft combining)
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Figure 9: CDF of delta SD-RSRP (AWGN; Scenario 1; #HARQ = 4 with soft combining)
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