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1 Introduction

Following the RAN4#75 meeting RAN4 received a LS [1] on sidelink measurements for relay UE selection. The LS asked RAN4 to provide feedback on achievable measurement performance on ProSe relay UE. The measurement performance in this case refers to sidelink measurement measured on the relay UE as mentioned in the LS. A companion paper [2] contains the simulation assumptions with relevant parameters that are used to carry out the simulations. 
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

	Parameters
	Value
	Comments

	Frame structure type
	1
	FDD

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

	System bandwidth
	2 resource blocks
	

	L1 measurement period
	6 seconds
	

	Measurement sampling rate
	1 second
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN, ETU and EPA
	

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

	CP length
	Normal
	

	Carrier frequency
	700 MHz
	

	Ec/Iot
	-6 dB … 3 dB
	AWGN noise 

	NOTE 1: Companies are requested to provide the details of the measurement sampling rate for interpretation and comparison of the results


2.2 Existing S-RSRP accuracy requirements
S-RSRP measurement was discussed in the scope of Rel-12 for ProSe Direct Communication and the applicable intra-frequency S-RSRP accuracy measurement requirements were captured in [3] clauses 11.6.2.1 for absolute S-RSRP accuracy and 11.6.2.2 for relative accuracy of S-RSRP. The requirements are summarized in Table 1 below.
Table 1: Summary of S-RSRP measurement accuracy requirements for ProSe Direct Communication UE
	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


2.3 Frame structures and available resources for measurements
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.

[image: image1]
Figure 1: S-RSRP relay UE measurement based on DMRS symbols
However, for ProSe Direct Discovery all symbols except 1st and the last symbols of the subframe can be used for measurements. In this paper we provide the measurement accuracy results for both cases.
2.4 RRM Performance Simulations
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Figure 1: RSRP simulation results for AWGN using (left) DMRS symbols and (right) all symbols. 
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Figure 2: RSRP simulation results for EPA using (left) DMRS symbols and (right) all symbols. 
[image: image6.emf]-6 -4 -2 0 2 4 6 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Delta S-RSRP  (relative long time avg ideal S-RSRP) [dB]

cdf

ETU channel 70 km/h, DMRS only, filter= 6

 

 

SNR=-6 dB

SNR=-3 dB

SNR=0 dB

SNR=3 dB

 [image: image7.emf]-6 -4 -2 0 2 4 6 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Delta S-RSRP  (relative long time avg ideal S-RSRP) [dB]

cdf

ETU channel 70 km/h, all symbols, filter= 6

 

 

SNR=-6 dB

SNR=-3 dB

SNR=0 dB

SNR=3 dB


Figure 3: RSRP simulation results for ETU using (left) DMRS symbols and (right) all symbols. 
The resulting S-RSRP absolute accuracies are shown in 1 through Figure 3 for AWGN, EPA 5Hz and ETU 70Hz, respectively. The figures express the CDF of the delta S-RSRP for the abovementioned cases. The delta S-RSRP is defined as the difference between estimated averaged S-RSRP over 6 samples with 1 second spacing and averaged measurement under ideal SNR conditions over equal number of samples. The measurement accuracy is typically defined based on the distance between the 5th and the 95th percentile of the delta S-RSRP measurement CDF. The simulations in Figure 1 indicate that for AWGN, the absolute measurement accuracy is within the existing Rel-12 S-RSRP accuracy requirements of ±4.5 dB at -6 dB of Ês/Iot.
Observation 1: The intra-frequency absolute RSRP accuracy requirement for ProSe relay UE measurement can be reused from Rel-12 ProSe S-RSRP measurement requirements.
By comparing the results based on DMRS symbols and all symbols, it can be noted that DMRS symbols contain sufficient number of resource elements to suppress the noise and it can meet the existing S-RSRP measurement accuracy requirements. When the measurement is performed using all symbols, i.e. not only DMRS symbols, for ProSe Discovery, measurement accuracy gets improved. 
Observation 2: Existing Rel-12 S-RSRP measurement accuracy requirements can be fulfilled by only measuring the ProSe relay UE on the DMRS symbols.
Observation 3: Existing Rel-12 S-RSRP measurement accuracy requirements can be fulfilled by measuring on all available symbols for ProSe Direct Discovery. 

The RAN4 measurement accuracy requirements are typically defined for the AWGN channel conditions. However, the UE shall meet the requirements also under fading channels. The simulation results in Figure 2 and 3 show that the existing requirements can also be met under fading conditions.
Observation 4: Existing Rel-12 S-RSRP measurement accuracy requirements can be fulfilled under fading conditions. 

The simulations in this paper assume sampling frequency of 1 second and the samples are averaged over a period of 6 samples. This means that the existing requirement on L1 measurement period of 1000 ms cannot be reused for ProSe relay UE measurements. Thus the new measurement period can be defined as 6 seconds. 

Based on the observations, we make the following proposals:

Proposal 1: The Rel-12 intra-frequency absolute and relative S-RSRP measurement accuracy requirements are reused for S-RSRP measurement on ProSe relay UE in static conditions (AWGN).
Proposal 2: L1 measurement period for S-RSRP measurement on ProSe relay UE can be extended beyond Rel-12 requirement; exact L1 period is FFS. 
3 Conclusions
We have analysed the LS from RAN2 on ProSe relay UE measurement [1] and provided simulation results containing measurement accuracy according to simulation assumptions in [2].  The results indicate that it is feasible to reuse the measurement performance requirements from Rel-12 ProSe S-RSRP measurement for ProSe relay UE S-RSRP measurement. 
The following observations were made:

Observation 1: The intra-frequency absolute RSRP accuracy requirement for ProSe relay UE measurement can be reused from Rel-12 ProSe S-RSRP measurement requirements.
Observation 2: Existing Rel-12 S-RSRP measurement accuracy requirements can be fulfilled by only measuring the ProSe relay UE on the DMRS symbols.
Observation 3: Existing Rel-12 S-RSRP measurement accuracy requirements can be fulfilled by measuring on all available symbols for ProSe Direct Discovery. 

Observation 4: Existing Rel-12 S-RSRP measurement accuracy requirements can be fulfilled under fading conditions. 
We make the following proposals:  

Proposal 1: The Rel-12 intra-frequency absolute and relative S-RSRP measurement accuracy requirements are reused for S-RSRP measurement on ProSe relay UE in static conditions (AWGN).
Proposal 2: L1 measurement period for S-RSRP measurement on ProSe relay UE can be extended beyond Rel-12 requirement; exact L1 period is FFS. 
A draft response to the LS is provided in [4]. 
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