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1. Introduction

In this paper, we discuss the incoming LS in R1-153553 on Sidelink measurements for relay UE selection. The action for RAN4 is to provide feedback to RAN1 on the following working assumption made by RAN1 with regard to Sidelink measurements for relay selection:

	Working Assumption:

· At least if PSDCH is used for Relay discovery 

· A UE (i.e. at least the remote UE, FFS in RAN2 whether it can also be the Relay UE) can perform measurements for PC5 link quality between Relay UE and remote UE using DMRS of PSDCH transmission, only on resources on which the CRC passes.

· At least RSRP measurement for PC5 link quality is specified
· RAN1 assumes that any RSRP filtering only takes place across resources with the same decoded ID 
· FFS if RSRQ or other link quality measurement(s) is to be specified for PC5 link quality
· FFS what constraints (if any) are specified on power offset between  PSDCH and PSSCH from a given Relay 
· If PSDCH is not used for Relay discovery, details are FFS


2. Background 
Legacy RSRP measurement accuracy requirements are defined for AWGN using CRS on the central 6 RBs on the downlink. The L1 measurement period is 200ms and the baseline assumptions is sampling rate of 40ms, i.e., measurement over a total of 240 resource elements that carry CRS.

In Rel-12 specifications for D2D, we defined S-RSRP measurement accuracy requirements. S-RSRP measurements are based on resource elements that carry DMRS associated with PSBCH physical channel transmission. PSBCH is sent over 6 central RBs with a periodicity of 40ms. The L1 measurement period was agreed to allow the number of resource elements equal or greater than 240 (as for legacy RSRP) and not to enforce a large measurement sampling requirement at the UE. Hence the L1 measurement period was agreed as 400ms that provides 288 resource elements with measurement sampling of 1 every 5 PSBCH transmissions (total of 2 PSBCH samples in 400ms).
Compared to legacy RSRP and S-RSRP definitions, the key differences for PSDCH-RSRP are as follows:
· L1 filtering is possible only within one discovery period, i.e., only among retransmissions of PSDCH within a 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).
Thus the L1 filtering for PSDCH-RSRP is then restricted to be over retransmissions within PSDCH. In Rel-12, the number of retransmissions are configured per discovery resource pool, and a maximum of 4 retransmissions is supported. Retransmissions are on consecutive discovery subframes with the pool, and is hence expected to degrade the PSDCH-RSRP accuracy performance for (some) fading channels due to reduced time diversity.

· PSDCH is sent over 2 RBs that will limit the accuracy of the measurement. Coupled with the above restriction, the maximum number of resource elements with DMRS over which averaging can be done for PSDCH-RSRP are 192 (with four retransmissions configured for PSDCH). Thus, even in AWGN conditions, the performance is indeed expected to a bit worse as compared to legacy RSRP / S-RSRP accuracy requirements.
· PSDCH-RSRP measurements are done using the DMRS of PSDCH only on the PSDCH resources for which the CRC passes. The SNR requirement for 5% BLER for PSDCH (without retransmissions) is 0.7dB [R4-152317] without the additional demodulation margin. Legacy RSRP and S-RSRP accuracy requirements are however defined for Es/Iot of -6dB.

Furthermore, the decoding SNR is dependent on the retransmissions are configured for PSDCH.

For ease of discussion below, note that the PSDCH-RSRP accuracy requirement (of T dB) can be expressed as:
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where 
· 
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PSDCH_RSRP

D

 = Measured PSDCH-RSRP (dB) – Ideal PSDCH-RSRP (dB). 
· Ideal PSDCH-RSRP is defined as the true value assuming perfect channel estimation using the same sampling occasions as used in the measured PSDCH-RSRP evaluation. 
· TdB is the accuracy requirement that is chosen as max{|5% quantile|, |95% quantile|} from the CDF of PSDCH-RSRP (same as legacy RSRP / S-RSRP accuracy definition).
There are two options to combat the issue of min Es/Iot at which the requirement is defined:

a) The min Es/Iot is increased based on the decoding SNR requirements. For example, PSDCH-RSRP can be defined at 1% BLER point corresponding to PSDCH decoding. Similar to legacy RSRP, the PSDCH-RSRP requirement can then still be required to be met 90% of the time (rounding 90% x 0.99 as approximately 90%).
b) The min Es/Iot is kept similar to legacy RSRP measurements of -6dB, but the requirement needs to be met only 90% x (1 – BLER (Es/Iot - implementation margin)).
In our initial assessment, option (a) may be preferred as PSDCH BLER at Es/Iot = -6dB will be 1 with no retransmissions, and will be high (larger than 10-1) even with the maximum retransmissions of four. In other words, option (a) seems to be reflective of the actual operating scenario wherein the UE-relay link is good enough to support relay discovery at the first place.
When PSDCH retransmissions are configured, R4 can discuss whether soft-combining is assumed or not (for remote UEs). Note the PSDCH decoding here at the remote UE that supports both discovery and communications. If soft-combining is assumed, the min Es/Iot for PSDCH-RSRP is improved.
In this discussion paper, we present results for both with / without soft-combining at the remote UE. In both cases, the PSDCH-RSRP is calculated only with decoding is successful. In the case of soft-combining, this means computing the PSDCH-RSRP over all the four retransmissions if the decoding is successful after soft-combination of the four retransmissions. For the case of no soft-combining, the PSDCH-RSRP is calculated by averaging over each of the retransmission that was successfully decoded by itself.

· Interference due to colliding PSDCH. For Type 1 Discovery, multiple UEs may choose the same resourced for transmission of it discovery signal (PSDCH). The DMRS base sequence used for PSDCH is same for all UEs, and hence will not be separable at the receiver. Due to collision in DMRS, the PSDCH-RSRP measurement accuracy will be impacted since the channel estimation (and noise estimation) at the receiver will be degraded. 
In this discussion paper, we present some results for PSDCH-RSRP with colliding PSDCH interference. 
Observation 1: Compared to legacy RSRP/S-RSRP definitions, unique considerations for PSDCH-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 PSDCH-RSRP measurements.
3. Simulation results

In this section, we present results for the case of no colliding PSDCH transmissions. For reference, the PSDCH BELR performance results for AWGN channel are also presented with/without soft-combining and with varying number of PSDCH retransmission configured. Note that no demodulation implementation margin is added in the BLER results.
As highlighted in the previous section, the PSDCH-RSRP accuracy simulations can be expressed as follows:
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Hence the results are presented for Term 1 and Term 2 above. 
For Term 1, we plot the CDF of Delta PSDCH_RSRP, and tabulate the 5% quantile, 95% quantile, and TdB = max{|5% quantile|, |95% quantile|}. Additionally, we include Term 2 in the table to illustrate the percentage of time the accuracy requirement can be met at that given SNR given the BLER of PSDCH at that SNR.
The results in this section focus on AWGN for simplicity. The effect of fading, interference, and other factors is studied in the next section.

3.1. PSDCH BLER results (AWGN)
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Figure 1: PSDCH BLER without soft-combining
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Figure 2: PSDCH BLER with soft-combining


3.2. PSDCH-RSRP accuracy results (AWGN)
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Table 1: PSDCH-RSRP accuracy results for AWGN

	#HARQ
	Soft-Combining
	SNR [dB]
	Delta PSDCH-RSRP 
= Measured PSDCH-RSRP – Ideal PSDCH-RSRP
	90% x
 (1-BLER (SNR))

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

	1
	N/A
	-6
	-
	-
	-
	0%

	
	
	-3
	-
	-
	-
	0%

	
	
	0
	-0.38
	1.79
	1.79
	66.67%

	
	
	3
	-0.35
	1.28
	1.28
	90%

	2
	No
	-6
	-
	-
	-
	0%

	
	
	-3
	-
	-
	-
	0%

	
	
	0
	-0.30
	1.58
	1.58
	83.16%

	
	
	3
	-0.21
	0.95
	0.95
	90%

	
	Yes
	-6
	-
	-
	-
	0%

	
	
	-3
	-0.15
	1.93
	1.93
	64.20%

	
	
	0
	-0.27
	1.35
	1.35
	90%

	
	
	3
	-0.21
	0.95
	0.95
	90%

	4
	No
	-6
	-
	-
	-
	0%

	
	
	-3
	-
	-
	-
	0%

	
	
	0
	-0.17
	1.28
	1.28
	88.38%

	
	
	3
	-0.11
	0.72
	0.72
	90%

	
	Yes
	-6
	0.42
	2.44
	2.44
	20.02%

	
	
	-3
	-0.10
	1.51
	1.51
	90%

	
	
	0
	-0.12
	1.04
	1.04
	90%

	
	
	3
	-0.11
	0.72
	0.72
	90%


Observations:
· Soft-combining results are improved when compared to no soft-combining assumption. The improvement is both with respect to the accuracy at a given Es/Iot and also the percentage of time when the accuracy requirement can be met. For example, with 4 HARQ transmissions at Es/Iot = 0dB, the accuracy limit is improved from 1.28dB to 1.04dB and the percentage of time this can be met is improved as well from 88.38% to 90% is soft-combining at the receiver is assumed.
· Unlike RSRP and S-RSRP requirements, defining the PSDCH-RSRP for Es/Iot as low as -6dB maybe not be feasible since the PSDCH BLER is quite high at -6dB even with soft-combing at the receiver.
· The effect of PSDCH transmissions being over 2 RBs (i.e., reduced number of resource elements available for PSDCH-RSRP averaging) can also be observed by comparing the results for 4HARQ, with soft-combining, at Es/Iot of -6dB with S-RSRP [R4-150202] / CRS RSRP results. At higher Es/Iot (e.g., at 0dB), however, the impact of lower number of available resource elements is no longer that significant. Coupled with the above discussion on the minimum Es/Iot, the impact of reduced resource elements for PSDCH-RSRP may not impact the actual requirement if defined at higher Es/Iot.
Overall, broadly the results for PSDCH-RSRP look reasonable and comparable with legacy RSRP / S-RSRP absolute accuracy requirement. The minimum Es/Iot at which the accuracy requirement needs some consideration to accuracy reflect the practical operation condition with reasonably low PSDCH BLER. 
Observation 2: At a high level, the results for PSDCH-RSRP absolute accuracy look reasonable and comparable with legacy RSRP / S-RSRP requirements. The minimum Es/Iot at which the accuracy requirement needs some consideration to accuracy reflect the practical operation condition with reasonably low PSDCH BLER.
4. Further Simulation Results
In this section, we present some further results to study the impact of some specific aspects as discussed below. 
Effect of Fading: To highlight the loss due to the restriction of L1 averaging within one discovery period. To this end, compared 4 HARQ within one discovery period vs. 1 HARQ but L1 averaging over 4 discovery periods with Discovery period of 1 sec. As such L1 averaging over multiple discovery periods is not possible (since ProSe app ID is not known in L1/L2), and is hence a hypothetical case for comparison.
Results for EPA5 are presented to see the impact in slow fading channels. 
Results for CDF of measured PSDCH-RSRP are presented (instead of delta PSDCH-RSRP) to highlight the impact of L1 averaging within one discovery period.
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Figure 3: PSDCH-RSRP accuracy for EPA5 with L1 averaging over 4 retransmissions in one Discovery period (assuming no soft-combining at receiver).
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Figure 4: PSDCH-RSRP accuracy for EPA5 with L1 averaging over 4 Discovery periods (with period of 1sec).


Table 2: PSDCH-RSRP accuracy in EPA5 to study the impact of L1-avearging within one Discovery period.
	L1 averaging over
	SNR [dB]
	Measured PSDCH-RSRP
	90% x
 (1-BLER (SNR))

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

	4 retransmissions within one Discovery period (assuming no soft-combining)
	-3
	2.77
	7.48
	7.48
	14.87%

	
	0
	0.42
	6.28
	6.28
	46.52%

	
	3
	-1.85
	5.78
	5.78
	72.50%

	
	6
	-3.69
	5.70
	5.70
	84.51%

	4 transmissions in different Discovery periods with discovery period of 1 sec
(Hypothetical for comparison only)
	-3
	3.25
	7.74
	7.74
	12.20%

	
	0
	1.4
	6.14
	6.14
	41.14%

	
	3
	0.06
	4.95
	4.95
	69.52%

	
	6
	-0.70
	4.32
	4.32
	82.85%


From the above results for fading, the following can be observed:
· In general, fading affects the PSDCH-RSRP accuracy results not only w.r.t. the accuracy limits but also w.r.t. the percentage of times the accuracy can be met (due to impact on BLER). 
· L1 averaging restricted to retransmissions during one discovery period degrades the accuracy of PSDCH-RSRP when compared with L1 averaging across discovery periods due to reduced time-diversity. 
Note that in Table 2, the 90%x(1-BLER(SNR)) are not comparable among the cases. For 4 retransmissions within one discovery period, the BLER reflects the probability none of the 4 retransmissions were decoded at the receiver. For 1 transmission in 4 discovery periods, the BLER reflects the average probability of decode error over the four discovery periods. Nonetheless, the results are presented since it reflects the impact on the percentage of times the accuracy can be met (as pointed out above). 
Effect of interference from colliding PSDCH: To study the impact of colliding PSDCH, we look at the PSDCH-RSRP with and without colliding PSDCH with 4 retransmissions and soft-combining assumption at the receiver. Since the decoding SNR of PSDCH is ~1dB for 5% BLER, we look at the cases with SINR > 3dB such that the desired PSDCH can be decoded correctly. 

In the following results, INR is fixed at 3dB and no time/frequency offset between the desired and interfering PSDCH is introduced (though not a realistic settling in general).
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Table 3: PSDCH-RSRP accuracy with/without colliding PSDCH interference (with 4 HARQ retransmissions and soft-combining at the receiver in both cases)
	Colliding PSDCH interference
	SNR [dB]
	Delta PSDCH-RSRP 
= Measured PSDCH-RSRP – Ideal PSDCH-RSRP
	90% x
 (1-BLER (SNR))

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

	No
	3
	-0.11
	0.72
	0.72
	90%

	
	6
	-0.10
	0.50
	0.50
	90%

	
	9
	-0.08
	0.35
	0.35
	90%

	Yes
	3
	1.50
	1.91
	1.91
	90%

	
	6
	0.91
	1.23
	1.23
	90%

	
	9
	0.55
	0.80
	0.80
	90%


From the above results, we observe that the PSDCH-BLER is indeed impacted due to colliding PSDCH. With time/frequency offsets between the desired and colliding PSDCH, the measured PSDCH-RSRP maybe larger or smaller than one depending on constructive or destructive interference. 
5. Considerations for Rel-13 specifications
In this section, we present some considerations for Rel-13 specifications for PSDCH-RSRP. Based on the discussion and results provided, the following aspects will need to be discussed in RAN4:
Number of transmissions: RAN4 will have to discuss the number of PSDCH retransmissions for which the PSDCH-RSRP accuracy requirements are defined. Options are (a) to define separate accuracy requirements for 1, 2, and 4 transmissions, or (b) define and test only for 4 transmissions (or a subset of possible number of retransmissions).
Soft-combining assumption at the receiver: RAN4 will need to agree whether soft-combining is assumed or not assumed at the receiver when defining the PSDCH-RSRP accuracy requirement. 
Minimum SNR at which accuracy requirement needs to be met: Since PSDCH-RSRP measurements are done only when PSDCH decode is successful, RAN4 will need to agree on the minimum SNR at which the accuracy requirement is defined. If the SNR is low (e.g., -6dB as for existing RSRP / S-RSRP absolute accuracy requirements), then the percentage of times the requirement can be met is very small. Hence likely the minimum SNR will have to be increased to reflect an actual operating point for relay discovery. Note that the SNR operation point must also include the demodulation margin typically added by RAN4 for demodulation requirements. 
It should also be clarified that the absolute accuracy requirements are at a given Es/No and will not apply with colliding PSDCH due to colliding DMRS. 

Observation 3: Considerations for Rel-13 specifications for PSDCH-RSRP absolute accuracy requirements include:

· Number of PSDCH retransmissions configured

· Receiver assumption on soft-combining for PSDCH

· Minimum SNR at which accuracy requirement are required to be met

6. Conclusions

In this contribution, we discussed the topic of PSDCH RSRP measurement accuracy for relay UE selection, in context of the incoming LS in R1-153553. The following observations were made:
Observation 1: Compared to legacy RSRP/S-RSRP definitions, unique considerations for PSDCH-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 PSDCH-RSRP measurements.
Observation 2: At a high level, the results for PSDCH-RSRP absolute accuracy look reasonable and comparable with legacy RSRP / S-RSRP requirements. The minimum Es/Iot at which the accuracy requirement needs some consideration to accuracy reflect the practical operation condition with reasonably low PSDCH BLER.
Observation 3: Considerations for Rel-13 specifications for PSDCH-RSRP absolute accuracy requirements include:

· Number of PSDCH transmissions configured

· Receiver assumption on soft-combining for PSDCH

· Minimum SNR at which accuracy requirement are required to be met

A reply LS to RAN1 has been provided in R4-154348 based on these observations (observation 2 in particular).
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