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1. Introduction

In Rel-13 the eD2D relaying functionality is being introduced. The key idea is to extend the network coverage using L3-based UE-to-Network Relays based on the Rel-12 D2D Communication 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 introduce by the RAN1/RAN2 WGs. In the last meeting the topic was discussed in RAN4 and the feasibility of the RSRP measurements was confirmed the LS reply to the RAN1 WG [1]:

	1. Overall Description:

RAN4 would like to thank RAN1 for the LS on Sidelink measurements for relay UE selection in R1-153553. 

If PSDCH is used for relay discovery, RAN4 has concluded that RAN1 working assumption on PC5 link quality measurement using RSRP based on PSDCH DMRS is feasible.

RAN4 would like to note that the SNR levels for the measurements may be different compared to the CRS based RSRP. In addition, RAN4 derived the conclusions on the RSRP feasibility under the assumption of no collisions between PSDCH transmissions from different Sidelink UEs in the same resources. Several companies observed that the RSRP accuracy might degrade in case of such collisions.

RAN4 will continue the analysis to define the measurement accuracy requirements depending on the RAN1 agreements.

2. Actions:

To RAN1:

ACTION: 
RAN4 respectfully asks RAN1 take the above information into consideration.


In addition, a WF on Sidelink RSRP measurements for relay UE selection was agreed [2]:

	· In RAN4 76, the feasibility of the Sidelink PSDCH-based RSRP measurements was confirmed, however no conclusions on the achievable accuracy, operating SNR range, and UE measurement assumptions incl. L1 measurement period, UE PSDCH soft-combining assumptions were reached 

· RAN4 will continue further analysis to define the measurement requirements for the Sidelink PSDCH-based RSRP

· The companies are encouraged to provide further link-level simulations for the Sidelink PSDCH-based RSRP measurement accuracy and availability for the simulation assumptions provided in this WF.


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

The PSDCH-based RSRP measurements have certain specifics comparing to the legacy RSRP measurements case. Below, we highlight several aspects that affect the measurements procedure, accuracy and complexity:

RSRP accuracy requirements

The impact of the sidelink RSRP accuracy on the D2D Relaying performance is not straightforward and depends on multiple factors. As shown in [3], in case of imperfect RSRP knowledge (uniform ±6dB error) the overall impact on the system-level performance is rather limited. Therefore, there is not strong need to tighten the sidelink RSRP accuracy requirements comparing to the cellular case.
Proposal #1:
The SL RSRP requirements are not tighter than the legacy RSRP requirements.
Multi-TTI measurements

Multi-TTI coherent combining of the RSRP measurements may require implementation of additional memory buffers to store the estimated channel estimates. In addition, due to frequency hopping of the PSDCH transmissions coherent combining may be not applicable. Therefore, for multi-TTI measurements, non-coherent RSRP averaging should be considered.

Proposal #2:
Use non-coherent multi-TTI combining for sidelink RSRP measurements to define the minimum requirements

L1 RSRP measurements period

The minimum D2D Discovery period is 0.32sec and can be up to 10.24sec. In case of long D2D Discovery periods, the propagation conditions may change and affect the RSRP accuracy measurement in case of using RSRP filtering over multiple D2D Discovery periods.

Furthermore, the RAN2 has not yet reached final conclusions on the RSRP measurements model. Two approaches are discussed with filtering done in the upper layer (i.e. ProSe protocol) or in the AS layer. Both approaches do not assume L1 filtering over multiple D2D Discovery periods.
As shown, in Section 3 the RSRP measurements done inside a single D2D Discovery period have rather good accuracy. So, there is no need to force RSRP measurements over multiple D2D Discovery periods. Therefore, the L1 RSRP measurements period to define the requirements should be limited by single D2D Discovery period and take into account the retransmissions inside this period only.

Proposal #3:
The RSRP measurement requirements are defined for the measurements done inside a single D2D Discovery period.
PSDCH soft-combining

In LTE Rel-12 PSDCH soft-combining can be optionally used, but not mandated in terms of the minimum demodulation performance requirements. As shown in Section 3, using multiple PSDCH retransmissions along with soft-combining allows achieving overall eD2D relaying coverage improvement and better RSRP accuracy. Meantime, currently the in Rel-12 the PSDCH soft-combining is not mandated by the RAN4 requirements. Therefore, further discussion whether the RSRP requirements should be based on soft-combining or not is needed.
Proposal #4:
Further discuss whether PSDCH soft-combining should be mandated for the PSDCH-based RSRP measurements.
RSRP measurements in the presence of multiple PSDCH retransmissions
In the last RAN4 meeting several alternatives on how to make RSRP measurements in the presence of multiple PSDCH retransmissions were discussed. In our view, the following approaches can be considered:
Without soft-combining

Option 1: RSRP averaging over each retransmission that was successfully decoded.

Option 2: RSRP averaging over the first retransmission that was successfully decoded + the expected subsequent retransmissions without decoding.

Option 3: RSRP averaging over the all potential transmission if at least one of the retransmissions was successfully decoded.
With soft-combining
Option 1: Averaging over all retransmission if CRC passed after soft-combining of all retransmissions.

Option 2: Averaging over the first retransmission that was successfully decoded + the expected subsequent retransmissions without decoding.
For the no soft-combining case, in our view, the presence of the subsequent retransmissions cannot be guaranteed and UE should attempt to make decoding and check if CRC has passed on the particular resources. So, to be aligned with the RAN1 recommendation it is better rely on the CRC check and measure the RSRP only on resources where it passed.
Proposal #5:
Consider the following approaches for the RSRP measurements in the presence of multiple PSDCH retransmissions:

· Without soft-combining: Averaging over each retransmission that was successfully decoded.

· With soft-combining: Averaging over all retransmission if CRC passed after soft-combining of all retransmissions.
PSDCH collisions

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. In general, UE can further resolve this issue at the cost of increased complexity. However, in our view this can be considered as an optimization and the minimum requirements should not force this as long as the system benefits are not clear.
Proposal #6:
The RSRP requirements are defined under assumption of no PSDCH collisions.
3. Simulation results
In this section we provide simulation results for the RSRP measurements based on the simulation assumptions agreed in the last meeting [2]:
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For the analysis we consider the following RSRP estimation approaches:
· Solution #1: No PSDCH ReTx (single TTI RSRP measurements)
· Solution #2: 3 PSDCH ReTx, No soft-combining, RSRP is measured on the resources where CRC passed (4 TTI RSRP measurements without soft-combining)
· Solution #3: 3 PSDCH ReTx, Soft-combining, RSRP is measured on all resources if CRC passed on the last resource (4 TTI RSRP measurements with soft-combining)
3.1 Scenario #1 (noise-limited)

In this section we provide the simulation results for the noise-limited Scenario #1 in accordance to [2].
RSRP measurements success rate

In Figure 1 we illustrate the RSRP measurements success rate performance for the AWGN, EPA5 and ETU70 conditions.
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	Figure 1. RSRP measurement success rate (Scenario #1)


Observations #1 (Scenario 1 - RSRP measurements success rate):

· Solution #1 with single TTI PSDCH-based RSRP measurements cannot provide reliable estimation for the low SNR range (SNR < 0 dB) due to PSDCH decoding failure.

· Solution #2 with four TTI PSDCH-based RSRP measurements without PSDCH soft-combining provides small RSRP measurements coverage improvement especially for the case of fading channels. However, still the measurements cannot be done for the low SNR regions.
· Solution #3 with four TTI PSDCH-based RSRP measurements with PSDCH soft-combining provides reliable estimates for the low SNR regions (≥ -6 dB/-4dB).

Localized RSRP accuracy

In Figure 2 we illustrate the “localized” RSRP accuracy performance results for the AWGN, EPA5 and ETU70 conditions. The RSRP accuracy is measured vs the ideal RSRP estimated in the same PSDCH 2 PRB resource allocation and characterizes the localized instantaneous measurements accuracy. In the left column, we provide the RSRP error CDF curves for the SNR of -5, 0 and 5 dB. The statistics for the RSRP measurement error vs the SNR is provided in the right column. The simulation results summary is provided in Table 1.
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	Figure 2. Localized RSRP accuracy (Scenario #1)


Table 1. RSRP accuracy results (Scenario #1)

	Channel model
	SNR, dB
	Solution
	RSRP error, dB
	RSRP measurement success rate, %

	
	
	
	5% CDF
	95% CDF
	

	AWGN
	-5
	#1
	-
	-
	0

	
	
	#2
	-
	-
	0

	
	
	#3
	-1.0
	1.5
	98

	
	0
	#1
	-1.3
	1.2
	61

	
	
	#2
	-0.8
	0.9
	99

	
	
	#3
	-0.6
	0.7
	100

	
	5
	#1
	-0.7
	0.6
	100

	
	
	#2
	-0.3
	0.3
	100

	
	
	#3
	-0.3
	0.3
	100

	EPA5
	-5
	#1
	-1.4
	1.3
	2

	
	
	#2
	-1.3
	1.3
	6

	
	
	#3
	-0.9
	1.2
	59

	
	0
	#1
	-1.1
	1.0
	41

	
	
	#2
	-0.8
	0.9
	71

	
	
	#3
	-0.6
	0.8
	97

	
	5
	#1
	-0.8
	0.7
	86

	
	
	#2
	-0.4
	0.4
	99

	
	
	#3
	-0.4
	0.4
	100

	ETU70
	-5
	#1
	-1.2
	1.5
	1

	
	
	#2
	-1.2
	1.5
	3

	
	
	#3
	-0.9
	1.4
	54

	
	0
	#1
	-1.1
	0.9
	35

	
	
	#2
	-0.9
	0.8
	80

	
	
	#3
	-0.7
	0.7
	100

	
	5
	#1
	-0.8
	0.6
	85

	
	
	#2
	-0.4
	0.3
	100

	
	
	#3
	-0.4
	0.3
	100


Observations #3 (Scenario #1 – Localized RSRP accuracy):

· For the low SNR conditions Solutions #1 and #2 without soft-combining cannot provide reliable RSRP measurements due to PSDCH decoding failure.

· For the remaining scenarios with SNR ≥ 0 dB all solutions provide reliable localized RSRP measurements with relatively small estimation errors within ±1.3 dB.

· Solution #3 with four TTI PSDCH-based RSRP measurements with PSDCH soft-combining provides the best accuracy.

Wideband RSRP accuracy

In Figure 3 we illustrate the “wideband” RSRP measurement accuracy performance for the EPA5 and ETU70 conditions. The RSRP accuracy is measured vs the ideal RSRP in the full BW resource allocation. The metrics characterizes the measurements accuracy with respect to the wideband propagation conditions.
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	Figure 3. Wideband RSRP accuracy (Scenario #1)


Observations #4 (Scenario #1 – Wideband RSRP accuracy):

· Solution #1 with single TTI RSRP measurements may provide unreliable RSRP measurements in terms of wideband RSRP error.
· Solution #2 with 4 TTI RSRP measurements without soft-combining provides relatively reliable wideband RSRP measurements for the SNR = 5 dB conditions. The accuracy degrades for the low SNRs.

· Solution #3 provides the best accuracy in terms of wideband RSRP for both SNR = 0 and 5 dB.
3.2 Scenario #2 (interference-limited)

In this section we provide the simulation results for the interference-limited Scenario #2 in accordance to [2] when the useful PSDCH signal collides with the co-channel PSDCH interference signal. In Figure 4 we illustrate the localized RSRP measurements error performance for the SINR = 6 dB case. The results are provided for the AWGN, EPA5 and ETU70 conditions. As we observed, the conclusions may depend on the time/frequency offset (TFO) model used in the link-level analysis. Therefore, we provide the results 1) for the case of no TFO between the useful and interference signals (left column) and 2) for the case of practical TFO model agreed in [2] (right column). The simulation results summary for other SINR values for the practical TFO case is provided in the Table 2.
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	Figure 4. Localized RSRP accuracy (Scenario #2)


Table 2. RSRP accuracy results (Scenario #2)
	Channel model
	SINR, dB
	Solution
	RSRP error, dB
	RSRP measurement success rate, %

	
	
	
	5% CDF
	95% CDF
	

	AWGN
	3
	#1
	-1.4
	2.0
	7

	
	
	#2
	-1.3
	2.0
	24

	
	
	#3
	-0.1
	1.2
	100

	
	6
	#1
	-1.1
	1.3
	100

	
	
	#2
	-0.3
	0.8
	100

	
	
	#3
	-0.3
	0.8
	100

	
	9
	#1
	-0.8
	0.9
	100

	
	
	#2
	-0.2
	0.5
	100

	
	
	#3
	-0.2
	0.5
	100

	EPA5
	3
	#1
	-0.7
	2.1
	67

	
	
	#2
	-0.3
	2.2
	93

	
	
	#3
	-0.1
	2.5
	98

	
	6
	#1
	-0.7
	1.5
	85

	
	
	#2
	-0.2
	1.2
	98

	
	
	#3
	-0.1
	1.4
	100

	
	9
	#1
	-0.6
	1.1
	95

	
	
	#2
	-0.2
	0.7
	100

	
	
	#3
	-0.2
	0.7
	100

	ETU70
	3
	#1
	-1.2
	1.9
	63

	
	
	#2
	-0.6
	1.5
	98

	
	
	#3
	-0.3
	1.8
	100

	
	6
	#1
	-1.0
	1.5
	84

	
	
	#2
	-0.4
	0.9
	100

	
	
	#3
	-0.3
	0.9
	100

	
	9
	#1
	-0.9
	1.1
	95

	
	
	#2
	-0.4
	0.5
	100

	
	
	#3
	-0.4
	0.5
	100


Observations #5 (Scenario #2):

· The RSRP measurements accuracy depends on the relative TFO between the useful and interference signals.
· In case of no TFO between the useful and interference signals, the RSRP accuracy degrades a lot comparing to the noise-limited environment. For the AWGN case the RSRP estimate is substantially biased. For the fading propagation channels the RSRP estimate is biased and the standard deviation is also increased.

· In case of practical unaligned TFOs of the useful and interference signals, the RSRP accuracy is improved comparing to the no TFO case and the errors are upper bounded by ±2.5 dB for the considered scenarios. The accuracy is still worse than for the noise-limited case, but the estimates are rather reliable.
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 SL RSRP requirements are not tighter than the legacy RSRP requirements.
Proposal #2:
Use non-coherent multi-TTI combining for sidelink RSRP measurements to define the minimum requirements

Proposal #3:
The RSRP measurement requirements are defined for the measurements done inside a single D2D Discovery period.

Proposal #4:
Further discuss whether PSDCH soft-combining should be mandated for the PSDCH-based RSRP measurements.
Proposal #5:
Consider the following approaches for the RSRP measurements in the presence of multiple PSDCH retransmissions:

· Without soft-combining: Averaging over each retransmission that was successfully decoded.

· With soft-combining: Averaging over all retransmission if CRC passed after soft-combining of all retransmissions.
Proposal #6:
The RSRP requirements are defined under assumption of no PSDCH collisions.
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