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1. Introduction

In this contribution we provide our simulation results for SyncRef UE selection/reselection based on the simulation assumptions proposed in our companion contribution R4-150201. The simulation assumptions are repeated in Appendix A for ease of readability.
Based on the simulation results, we provide our proposals for the SyncRef UE selection/reselection time is proposed. 
2. Absolute S-RSRP measurement accuracy
2.1. Simulation results
In this section, we present the simulation results for the simulation assumptions summarized in Appendix A. For ease of presentation, we use the following notation:
· UE1, UE2, UE3 for SyncRef UE1, SyncRef UE2, SyncRef UE3, respectively.
· TO1, TO2, TO3 for relative timing delays of SyncRef UEs.
· FO1, FO2, FO3 for frequency offset of SyncRef UEs.
· SYNC / ASYNC for differentiating synchronous and asynchronous cases
· Id1, Id2 Id3 for SLSS IDs of SyncRef UEs. 
The results in this section are for UE3 Ior/Ioc of 1.25dB (SINR of -6dB). Comparative results for UE3 Ior/Ioc of {1.25, 0.25, -0.75}dB corresponding to Test 1, 2, 3, respectively, are provided in Appendix C.
(*) The 90% acquisition time below is in multiples of the silence period (2.56sec per the simulation assumptions) and ideal simulation assumptions are used (i.e., ideal receiver, Genie AGC, no receiver complexity limitations). 
2.1.1. Carrier frequency 700MHz

Table 1: Simulation results for 700MHz carrier frequency with UE Ior/Ioc’s of (5.18, 0.29, 1.25) dB
	Ior/Ioc [dB]

(UE1, UE2, UE3)
	SYNC/ASYNC
(TO1, TO2, TO3)
	Simulation

Case
	(Id1, Id2 Id3)
	(FO1, FO2, FO3) 
[ppm]
	Channel

Model
	90% acquisition time (*)

	(5.18, 0.29, 1.25)
	SYNC
(0, 0, CP/2)
	Case 1
	(168+30, 168+30, 30)
	(0,0,0)
	AWGN
	2

	
	
	
	
	
	EPA5
	2

	
	
	
	
	
	EVA70
	3

	
	
	
	
	(0, 0.2, 0.4)
	AWGN
	2

	
	
	
	
	
	EPA5
	2

	
	
	
	
	
	EVA70
	3

	
	
	Case 2
	(168+119, 168+119, 119)
	(0, 0, 0)
	AWGN
	2

	
	
	
	
	
	EPA5
	3

	
	
	
	
	
	EVA70
	4

	
	
	
	
	(0, 0.2, 0.4)
	AWGN
	2

	
	
	
	
	
	EPA5
	2

	
	
	
	
	
	EVA70
	3

	
	ASYNC
(0, 1.5, 3) [ms]
	Case 3
	(168+23, 168+149, 14)
	(0, 5, 10)
	AWGN
	1

	
	
	
	
	
	EPA5
	2

	
	
	
	
	
	EVA70
	3

	
	
	Case 4
	(168+30, 168+59, 0)
	
	AWGN
	1

	
	
	
	
	
	EPA5
	2

	
	
	
	
	
	EVA70
	3


2.1.2. Carrier frequency 2.5GHz

The CDF curves corresponding to the results in Table 2 below are presented in Appendix B.
Table 2: Simulation results for 2.5GHz carrier frequency with UE Ior/Ioc’s of (5.18, 0.29, 1.25) dB
	Ior/Ioc [dB]

(UE1, UE2, UE3)
	SYNC/ASYNC
(TO1, TO2, TO3)
	Simulation

Case
	(Id1, Id2 Id3)
	(FO1, FO2, FO3) 
[ppm]
	Channel

Model
	90% acquisition time (*)

	(5.18, 0.29, 1.25)
	SYNC
(0, 0, CP/2)
	Case 1
	(168+30, 168+30, 30)
	(0,0,0)
	AWGN
	2

	
	
	
	
	
	EPA5
	3

	
	
	
	
	
	EVA70
	4

	
	
	
	
	(0, 0.2, 0.4)
	AWGN
	2

	
	
	
	
	
	EPA5
	3

	
	
	
	
	
	EVA70
	4

	
	
	Case 2
	(168+119, 168+119, 119)
	(0, 0, 0)
	AWGN
	2

	
	
	
	
	
	EPA5
	3

	
	
	
	
	
	EVA70
	4

	
	
	
	
	(0, 0.2, 0.4)
	AWGN
	2

	
	
	
	
	
	EPA5
	3

	
	
	
	
	
	EVA70
	4

	
	ASYNC
(0, 1.5, 3) [ms]
	Case 3
	(168+23, 168+149, 14)
	(0, 5, 10)
	AWGN
	1

	
	
	
	
	
	EPA5
	2

	
	
	
	
	
	EVA70
	3

	
	
	Case 4
	(168+30, 168+59, 0)
	
	AWGN
	1

	
	
	
	
	
	EPA5
	2

	
	
	
	
	
	EVA70
	3


2.2. Discussion on the results

From the results presented in Table 1 and Table 2, the following observations are made:

· General: Under ideal simulation assumptions (Ideal receiver, Genie AGC, no complexity limitations), up to 4 silence periods were required.
· 2.5GHz vs 700MHz: In asynchronous cases, the 10ppm frequency offset leads to a much larger frequency error of 25 kHz for a carrier frequency of 2.5GHz as compared to 7 kHz for carrier frequency of 700MHz. Thus for SyncRef UE detection, ~3x more frequency hypothesis are required for 2.5GHz compared to 700MHz. In the results above, this additional scaling of UE complexity is not taken into account. Depending on UE implementation, the results for 2.5GHz may need to be scaled by ~3 to account for the case when all the coarse frequency hypothesis cannot be run in every silence periods. 
· Comparison with intra-frequency cell detection in RRC_CONNECTED DRx: The simulation scenario is similar to cell detection, with the requirement closely resembling current UE requirements for intra-frequency cell detection for RRC_CONNECTED with DRX cycle of 2.56. The DRX cycle corresponds to the silence period (=2.56sec) used by the D2D UE. 

Thus for similar mobility performance, we propose to reuse the existing requirement for intra-frequency cell detection with DRX cycle equal to the silence period cycle of 2.56s. TS 36.133 specifies this requirements as (23) * DRx cycle for detection = (20) * DRX cycle for identification + (3) * DRx cycle for evaluation (see Table 8.1.2.2.1.2-1 and Table 4.2.2.3-1), for DRx cycle of 2.56s.
An intuitive rationale for this proposal is since the D2D synchronization signals (PSSS/SSSS) use legacy synchronization signals (PSS/SSS) as building blocks, the performance for given SINR, time / frequency offsets, etc., is also expected to be similar. In some respects, this is also a tougher requirement for D2D since the worst-case frequency offsets itself, is larger in the case of D2D (10ppm) as opposed to intra-frequency cell detection, as reflected in the above simulation results.
3. Proposals

Based on the results and the discussion above, we hence make the following proposal.

Proposal 1: Detection time for a newly detectable higher priority SyncRef UE shall be (23) * silence period cycle, with the following side-conditions
· Silence period cycle is 2.56sec

· SCH_Ec/Iot > -6dB
· Side conditions similar to legacy requirements on S-RSRP accuracy, SCH_RP, etc.

· ProSe UE is allowed to drop or delay its SA, Data, and SLSS transmissions 2% [ceil(0.041/2.56)] of the time for the purpose of SyncRef UE selection / reselection.

· Requirements are for 90% percentile detection delay
4. Appendix A: Simulation assumptions from R4-150201
4.1. Simulation assumptions 
The simulation assumptions are modeled after the cell identification simulations, with prior knowledge of SyncRef UE 1 and SyncRef UE 2, and the UE is expected to identify a higher priority SyncRef UE 3 with SINR of -6dB. Note that when the SLSS transmissions from SyncRef UE 1 and SyncRef UE 2 are SFNed (i.e., when they are synchronous), they cannot be individually identified. The description in this paper is kept general for brevity. 

Table 3: Simulation assumptions for SynchRef UE identification

	Parameter
	Unit
	SyncRef UE 1
	SyncRef UE 2
	SyncRef UE 3

	Carrier Frequency
	-
	700MHz, 2.5GHz
	700MHz, 2.5GHz
	700MHz, 2.5GHz

	System bandwidth
	RB
	50
	50
	50

	SLSS transmission bandwidth
	RB
	6
	6
	6

	Utilization of non-SLSS subframes for Data/SA transmission
	%
	100
	100
	100

	Relative PSD on non-SLSS subframes relative to SLSS subframes
	dB
	0
	0
	0

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1
	1

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0 (Sync)
0 (Async)
	{0, 0.2ppm} (Sync)
5ppm (Async)
	{0, 0.4ppm} (Sync)
10ppm (Async)

	1) Relative Delay of 1st Path (synchronous)
	
	0
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	
	0
	1.5 ms
	3.0 ms

	Ior/Ioc
	dB
	Test 1: 5.18
	Test 1: 0.29
	Test 1:  1.25

Test 2:  0.25

Test 3: -0.75

	Number of Tx antennas
	-
	1
	1
	1

	SLSS ID
	-
	See Table below
	See Table below
	See Table below

	SLSS resource (Note 1)
	-
	Resource ‘A’
	Resource ‘A’
	Resource ‘A’

	Propagation Condition
	-
	AWGN, EPA5, EVA70

	Ioc Model
	-
	AWGN

	Note 1: In the system, there are SLSS resources corresponding to sync-OffsetIndicator1 and sync-OffsetIndicator2, respectively. The two resources are labelled here as ‘A’ and ‘B’.


Table 4: SLSS IDs of the SyncRef UEs

	Synchronous/Asynchronous
	Case
	SyncRef UE 1
	SyncRef UE 2
	SyncRef UE 3

	Synchronous
	Case 1
	168+30
	168+30
	30

	
	Case 2
	168+119
	168+119
	119

	Asynchronous
	Case 3
	168+23
	168+149
	14

	
	Case 4
	168+30
	168+59
	0


Table 5: Additional simulation parameters

	Simulation parameters
	Comments/values

	Prior knowledge of SyncRef UE 1 and SyncRef UE2 by the UE
	Yes

	False detect threshold 
	As resulting from PSBCH false CRC pass 

	UE having apriori knowledge of SyncRef UEs being synchronous or synchronous 
	No

	Silence period for selection/reselection
	41ms every 2.56sec

	Performance criterion for comparison
	90th percentile of the required time for SyncRef UE 3 identification and successful PSBCH decoding

	Phase continuity between PSSS and SSSS from a SyncRef UE
	Not assumed

	Margin for AGC training
	[1] SLSS sampling period (40ms)

	Receive antennas
	2  (uncorrelated)


4.2. Performance metrics

The following performance metrics can be considered
· CDF of the SyncRef UE identification delay

· 90% percentile for SyncRef UE identification delay 

5. Appendix B: CDF curves corresponding to results in Table 2
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6. Appendix C: Results for different SNRs for SyncRef UE3 (Test 1, Test 2, Test 3)

(*) The 90% acquisition time below is in multiples of the silence period (2.56sec per the simulation assumptions) and ideal simulation assumptions are used (i.e., ideal receiver, Genie AGC, no receiver complexity limitations). 
Table 6: Simulation results for UE3 Ior/Ioc = {1.25, 0.25, -0.75}dB.
	90% Identification Delay (*)

	Fc (GHz)
	Case 1, (0, 0, 0) ppm

	
	UE3 SNR = 1.25dB
	UE3 SNR = 0.25dB
	UE3 SNR = -0.75dB

	
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70

	0.7
	2
	2
	3
	2
	3
	4
	2
	3
	5

	2.5
	2
	3
	4
	2
	3
	4
	2
	4
	6

	Fc (GHz)
	Case 1, (0, 0.2, 0.4) ppm

	
	UE3 SNR = 1.25dB
	UE3 SNR = 0.25dB
	UE3 SNR = -0.75dB

	
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70

	0.7
	2
	2
	3
	2
	3
	4
	2
	3
	5

	2.5
	2
	3
	4
	3
	3
	5
	5
	4
	5

	Fc (GHz)
	Case 2, (0, 0, 0) ppm

	
	UE3 SNR = 1.25dB
	UE3 SNR = 0.25dB
	UE3 SNR = -0.75dB

	
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70

	0.7
	2
	3
	4
	2
	3
	4
	3
	3
	5

	2.5
	2
	3
	4
	2
	3
	5
	3
	4
	5

	Fc (GHz)
	Case 2, (0, 0.2, 0.4) ppm

	
	UE3 SNR = 1.25dB
	UE3 SNR = 0.25dB
	UE3 SNR = -0.75dB

	
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70

	0.7
	2
	2
	3
	2
	3
	4
	3
	3
	5

	2.5
	2
	3
	4
	3
	3
	5
	5
	4
	5

	Fc (GHz)
	Case 3, (0, 5, 10) ppm

	
	UE3 SNR = 1.25dB
	UE3 SNR = 0.25dB
	UE3 SNR = -0.75dB

	
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70

	0.7
	1
	2
	3
	1
	2
	4
	1
	3
	5

	2.5
	1
	2
	3
	1
	3
	4
	2
	3
	6

	Fc (GHz)
	Case 4, (0, 5, 10) ppm

	
	UE3 SNR = 1.25dB
	UE3 SNR = 0.25dB
	UE3 SNR = -0.75dB

	
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70
	AWGN
	EPA5
	EVA70

	0.7
	1
	2
	3
	1
	2
	4
	2
	3
	5

	2.5
	1
	2
	3
	1
	3
	4
	2
	3
	6
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