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1 Introduction
At last RAN4#76bis meeting RAN4 continued the discussion on SD-RSRP measurements for relay UE selection. Based on the results from different companies, it was agreed to allow 3 retransmissions and soft-combining for SD-RSRP measurements. There are however some open issues that remains to be resolved. The first open issue is whether the requirements are to be defined for colliding or non-colliding PSDCH transmissions. The second open issue is whether or not to separate the retransmissions over time and it was agreed in the way forward [1] to study the performance gains for the cases of: 4 ms, 8 ms and 20 ms of separation of retransmissions. This paper discusses these using updated simulation results according to [1] and our view is provided. 
2 Discussions 
At last meeting a way forward [1] was agreed with following proposals: 

	· 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



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

2.3.1 Minimum SNR level
It was agreed in the way forward to study the performance gain when the retransmissions are separated in time by 4ms, 8ms, 20ms for the fading channels. Below we provide the results for this case. At last meeting companies did provide SD-RSRP simulation results in [3, 4, 5, 6]. But it was noted that the majority of the companies have not studied the performance for low SNR, the SNR levels for -5 dB and -4 dB was not studied. In this contribution we have studied the measurement performance for these low SNR levels and the results are provided in Figure 1 for AWGN channel.  The simulation results in Figure 1 assume 3 retransmissions and soft-combining of the received transmissions for the non-colliding case. The existing S-RSRP measurement requirements are listed in Table 4, and the absolute S-RSRP accuracy is ±4.5 dB. The accuracy requirements are typically defined based on the difference between the ideal measurements and estimated measurements between 95%-ile and 5%-ile. It is shown in Figure 1 that the maximum bias at 95%-ile and 5%-ile of the AWGN channel at SNR of -5 dB is within the allowed intolerance of ±4.5 dB while the PSDCH decoding error rate is close 0%.  It can also be seen from this figure that also the results at SNR of -4 dB is also within Rel-12 S-RSRP requirement of   ±4.5 dB. We therefore request companies to take into account these results when defining the SD-RSRP requirements. 
· Observation #1: Rel-12 S-RSRP measurement accuracy requirements can be met at -5 dB SNR when 3 retransmissions and soft-combining are considered at non-colliding case. 
· Proposal #1: Companies shall consider the measurement performance results at -5 dB SNR level for the non-colliding scenario when defining the SD-RSRP measurement requirements.
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Figure 2: SD-RSRP simulation results for AWGN using 3 retransmissions and soft combining of received transmissions. 

2.3.2 Time separation between retransmissions
Another open issue is related to minimum time separation between two retransmissions. For the fading channels, it was agreed in [1] to study the measurement performance for different time separation of retransmissions. More specifically, following minimum separation values were listed in the way forward for the fading channels: 4 ms, 8 ms, and 20 ms. In this section we provide the simulation results for these values and discuss the performance gains. 
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Figure 3: SD-RSRP simulation results for EPA using 3 retransmissions and soft combining of received transmissions for different values of minimum separation between two retransmissions. 

Figure 3 shows the SD-RSRP measurement accuracy results for the EPA channel with 3 retransmissions and soft combining of received transmissions for different values of minimum time separations between two retransmissions. This figure shows that for EPA channel which is less varying than e.g. ETU the gain in performance is quite small when retransmissions are separated. At SNR level of -5 dB, a maximum of 4% gain in delta SD-RSRP can be achieved when tretransmissions are separated by 20 ms.  Since EPA is a slowly varying channel, we have studied the gain for a further increase in minimum time separation of 80 ms. These results are shown in Figure 4 below and it shows that the bias can be further reduced when retransmissions are further separated in time. In this figure, we have compared the results for cases between no retransmissions (left figure) and with 80 ms separation (right figure). We have highlighted the gain for -5 dB SNR and at this level the bias can be reduced by up to 16 %. 
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Figure 4: SD-RSRP simulation results for EPA using 3 retransmissions and soft combining of received transmissions for the case with no separation between retransmission (left) and 80ms separation between retransmissions (right). 
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Figure 5: SD-RSRP simulation results for ETU using 3 retransmissions and soft combining of received transmissions for different values of minimum separation between two retransmissions. 

The ETU measurement accuracy results are shown in Figure 5. This figure shows that for ETU channel time separation between retransmissions can yield much greater improvements to the measurements compared to EPA channel results in Figure 3. This is because ETU is a much fast varying channel. We have highlighted the gains for different values of minimum separation at SNR of -5 dB with respect to the case with no time separation. The main reason for this significant improvement is that the retransmissions are likely to be uncorrelated and will almost have independent fading when they are separated in time. This is not the case for the baseline results with no time separation in which the retransmissions will have same or similar type fading resulting. 
These simulation results show the importance of separating retransmission in time. This is especially important for the SD-RSRP measurement which requires the UE to decode the received PSDCH transmissions before it can be used for measurement averaging. The results above in this paper have shown that the PSDCH decoding performance can be significantly improved for a fast varying channel like ETU. More specifically, the decoding performance can be improved by up to 20 % when retransmissions are separated in time by 20 ms. Some small improvements have also been observed for the EPA channel. Based on these results and discussions, we make the following proposal:
· Proposal #2: The PSDCH retransmissions used for SD-RSRP measurement shall be separated by at least 20 ms
2.3.3 Colliding PSDCH vs non-colliding PSDCH transmissions 
The third open issue is related to whether SD-RSRP measurement requirements are to be defined for colliding or non-colliding PSDCH transmissions. The relay UEs which are inside the eNodeB coverage are considered to be in-coverage. In such scenarios, the resources used for transmissions by the relay UEs can be coordinated by the serving eNodeB such that they do not collide. We believe that this is the typical scenario for relay UE operation. Hence, we propose that the SD-RSRP measurement requirements are to be defined for the non-colliding PSDCH transmission case. 
· Proposal #3: SD-RSRP measurement requirements are defined assuming non-colliding PSDCH transmissions. 
3 Summary 
In this contribution we have looked into the remaining issues to be resolved for the SD-RSRP measurement requirements. Two open issues were identified in a way forward document at last meeting. The first open issue related to the minimum SNR level and the second issue is related to minimum time separation between retransmissions of PSDCH. We have studied these issues further and provided simulation results and analysis in this contribution. Based on these, we make the following proposals:
· Observation #1: Rel-12 S-RSRP measurement accuracy requirements can be met at -5 dB SNR when 3 retransmissions and soft-combining are considered at non-colliding case. 
· Proposal #1: Companies shall consider the measurement performance results at -5 dB SNR level for the non-colliding scenario when defining the SD-RSRP measurement requirements.
· Proposal #2: The PSDCH retransmissions used for SD-RSRP measurement shall be separated by at least 20 ms
· Proposal #3: SD-RSRP measurement requirements are defined assuming non-colliding PSDCH transmissions. 
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