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1 Introduction
Following the RAN2#89bis meeting RAN4 received a LS [1] where RAN4 was asked to assess the feasibility of the sidelink measurements between remote UE and relay UE candidates(s) for the purpose of relay UE selection. At previous RAN4 meeting companies presented initial simulation results on measurement accuracy [3, 4, 5]. These results were discussed at last RAN4#76 meeting; however it was difficult the reach agreement since the simulations were carried out using different assumptions. Hence, a way forward containing simulation assumptions was agreed [2]. 
In this contribution we are providing simulation results on the achievable measurement performance under the conditions agreed upon in [2]. 
2 Analysis
2.1 Simulation parameters

In [2] it was stated that the following simulation parameters are to be used:

Table 1: Simulation parameters for S-RSRP measurement accuracy studies [2]
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Table 2: Simulation parameters for S-RSRP measurement accuracy studies [2]
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Table 3: Additional simulation parameters for S-RSRP measurement accuracy studies
	Parameters
	Value
	Comments

	Frame structure type
	1
	FDD

	Measurement bandwidth
	2 resource blocks
	S-RSRP measured over 2 RB

	System bandwidth
	2 resource blocks
	

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency: AWGN, ETU and EPA
	1 km/h, 70 km/h, and 5 km/h
	

	CP length
	Normal
	

	Ec/Iot
	-6 dB … 3 dB
	AWGN noise 


2.2 Existing S-RSRP accuracy requirements and frame structure
The existing S-RSRP measurement requirements are captured in TS 36.133 in clauses 11.6.2 and 11.6.2.1 and 11.6.2.2 for intra-frequency absolute and relative S-RSRP measurement. These requirements are summarized in Table 1 below.
Table 4: Summary of S-RSRP measurement accuracy requirements for ProSe
	Requirement
	Side condition on Ês/Iot
	Allowed tolerance

	Intra-frequency absolute S-RSRP accuracy
	≥ -6dB
	±4.5 dB

	Intra-frequency relative S-RSRP accuracy
	> -3dB
	±2 dB


The S-RSRP measurement on the ProSe relay UE is measured on the DMRS symbols of the subframe and over 2 consecutive resource blocks in accordance with RAN1 agreements. The DMRS symbols are located in symbols 4 and 11 of a resource block. The resource symbols which are used for the measurement are illustrated in Figure 1. In total there are 48 resource elements available for measurements when measuring on DMRS symbols only.
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Figure 1: S-RSRP relay UE measurement based on DMRS symbols
2.3 S-RSRP Performance Simulations
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Figure 2: S-RSRP simulation results for AWGN using (left) no retransmissions and (right) 3 retransmissions. The two plots on the top correspond to scenario 1 and the two plots on the bottom correspond to scenario 2 in Table 2. 
The resulting S-RSRP absolute accuracy for AWGN is shown in Figure 2. The existing S-RSRP measurement requirements are defined for AWGN channel for Ês/Iot ≥ -6dB. It can be observed from Figure 2 that Ês/Iot of -6dB cannot be supported since the BLER is too high. The interception at which the CDF starts indicate the number of S.RSRP estimations that have resulted in failure due to decoding error.  In upper left figure, it is seen at -6 dB, UEs are not able to decode anything at all and thus Ês/Iot = -6 dB may not work at all. Looking at the results with PSDCH retransmissions which are soft combined, it is seen that this greatly improves the results especially at low SNR. However -6 dB SNR is still a problem since almost 5 % of the S-RSRP estimation attempt results in failure. 
Observation 1: The intra-frequency absolute S-RSRP requirement for sidelink relay selection cannot be reused from Rel-12 out of coverage requirement.
In scenario 2 results (two plots in lower part of the figure) an interfering UE is modelled. According to Table 2, there are two ways to model the resources of the interfering UE. In the first alternative the resources could collide in both in time and frequency domain while they are non-colliding in the second alternative wherein the resources are separated by 2 us in time domain and 400 Hz in frequency domain with respect to desired UE. When there is a time difference between the desired UE and the interfering UE, the results show that the interfering channel is averaged out to most extent.  It is observed from the figure that the measurement accuracy is within existing requirements when retransmissions are allowed and they are soft combined at Ês/Iot >= 3 dB. However, if no retransmissions are supported then minimum Ês/Iot  that can be supported is 6 dB. 
Observation 2: Retransmissions and softcombing significantly improves the measurement accuracy in interference scenario.
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Figure 3: S-RSRP simulation results for EPA 5km/h using (left) no retransmissions and (right) 3 retransmissions. The two plots on the top correspond to scenario 1 and the two plots on the bottom correspond to scenario 2 in Table 2.
The resulting S-RSRP absolute accuracy for EPA 5 km/h is shown in Figure 3. It can be observed from this figure that retransmissions and soft combining are necessary; otherwise the decoding error is too high in all cases. In scenario 1, at highest SNR (5dB) more than 6% of the S-RSRP estimation attempts result in failure. Likewise in scenario 2, even with the highest SNR of 9 dB the decoding rate is too high (>8%). This shows the need allow retransmissions and soft combing for estimating S-RSRP measurement. 

Observation 3: Retransmissions and softcombing are essential to improve the measurement accuracy in EPA 5 km/h.
Scenario 1 results with retransmissions show that the minimum SNR level that can be supported is -3 dB in non-interfering scenario whereas minimum of 3 dB SNR can be supported in interfering scenario. The results and the accuracy show that that it may be possible to even support much lower SNR levels. 
Observation 4: At least -3 dB SNR can be supported while maintain acceptable decoding rate in interference-free scenario while at least 3 dB can be supported in interference scenario in EPA 5 km/h. 
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Figure 4: S-RSRP simulation results for ETU 70km/h using (left) no retransmission and (right) 3 retransmissions. The two plots on the top correspond to scenario 1 and the two plots on the bottom correspond to scenario 2 in Table 2.
The resulting S-RSRP absolute accuracy for ETU 70 km/h is shown in Figure 4. The overall trends of the results are similar to EPA 5 km/h. The results in both interference-free scenario (upper left) and interference scenario (lower left) show that retransmissions are needed to achieve good measurement accuracy and that -6 dB of SNR cannot be supported. In scenario 1 without any retransmissions, more than 9% of the PSDCH estimation attempts results in failure at SNR=5 dB. In an interference scenario, almost 10% of the PSDCH receptions fail at SNR of 9 dB. These result show retransmissions are essential to achieve acceptable measurement accuracy. 
Observation 5: Retransmissions and softcombing are essential to improve the measurement accuracy in ETU 70 km/h.
The measurement accuracy and the decoding failure rate significantly improve when retransmissions are allowed and they are soft combined. However, the legacy SNR minimum requirement of -6 dB cannot still be supported as it results in almost 35 % failure of PSDCH estimation attempts. The minimum SNR that can be supported is -3 dB in case of interference-free scenario and it is 3 dB in case of interference scenario. However, the results indicate that may be possible to support even lower SNR. 
Observation 6: At least -3 dB SNR can be supported while maintaining acceptable decoding rate in interference-free scenario and at least 3 dB SNR can be supported in interference scenario for ETU 70km/h. 
The difference in channel variation between EPA 5 km/h and ETU 70 km/h do not affect the measurement accuracy very much as the overall results are similar. 
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Figure 5: S-RSRP simulation results for AWGN with (left) no retransmission and (right) 3 retransmissions where the time difference between desired UE and interfering UE is 0. 
The resulting S-RSRP absolute accuracy for AWGN when the time difference between the desired UE and interfering UE is 0 is shown in Figure 5. Comparing Figure 5 to scenario 2 results in Figure 3 and Figure 4, it is observed that measurement accuracy is degraded when interfering transmission takes place in the same time instance and resources are colliding. There is a significant positive bias in the estimation when the time difference is 0. The time difference of 2 us greatly reduces the interference and helps to average out the interfering channel. The time difference of 2 us may correspond to a realistic scenario since the ProSe UEs are expected to be fast moving, and not expected to be synchronized to each other in most cases. Therefore the resources used by ProSe may not collide very often. 
Observation 7: Measurement performance degradation observed when the time difference between the designed UE and interfering UE is 0. 
3 Conclusions
We have provided simulation results for S-RSRP measurement under the agreed conditions in [2]. The results indicate that sidelink measurements between remote UE and relay UE are feasible according the conditions in [2]. However, the minimum SNR level that can be supported for S-RSRP measurements may be different from what is currently possible in Rel-12 S-RSRP measurements. The following observations were made:
Observation 1: The intra-frequency absolute S-RSRP requirement for sidelink relay selection cannot be reused from Rel-12 out of coverage requirement.
Observation 2: Retransmissions and softcombing significantly improves the measurement accuracy in interference scenario.
Observation 3: Retransmissions and softcombing are essential to improve the measurement accuracy in EPA 5 km/h.
Observation 4: At least -3 dB SNR can be supported while maintain acceptable decoding rate in interference-free scenario while at least 3 dB can be supported in interference scenario in EPA 5 km/h. 
Observation 5: Retransmissions and softcombing are essential to improve the measurement accuracy in ETU 70 km/h.
Observation 6: At least -3 dB SNR can be supported while maintaining acceptable decoding rate in interference-free scenario and at least 3 dB SNR can be supported in interference scenario for ETU 70km/h. 
Observation 7: Measurement performance degradation observed when the time difference between the designed UE and interfering UE is 0. 
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[image: image23.png]ETU channel 70 kmih, all symbols, #HARQ= 0
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[image: image24.png]EPA channel 5 km/h, all symbols, #HARQ= 0
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[image: image25.png]EPA channel 5 km/h, all symbols, #HARQ= 0
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[image: image26.png]AWGN channel, #HARQ= 3
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[image: image27.png]AWGN channel, #HARQ= 0
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[image: image29.png]AWGN channel, #HARQ= 0
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