3GPP TSG-RAN WG4 #74
R4-150201
Athens, Greece, Feb. 9th – Feb. 13th, 2015.

Agenda item:
6.6.3.1
Source: 
Qualcomm Incorporated
Title: 
Simulation assumptions for D2D synchronization requirements
Document for:
Approval
1. Introduction

In this contribution we proposed simulation assumptions needed to define the D2D synchronization requirements (as agreed in the WF R4-148061). In particular, simulation assumptions are proposed for the following requirements:
· Absolute S-RSRP measurement accuracy (in Section 2)
· SyncRef UE selection / reselection (in Section 3)
Summary of the RAN1 agreements on synchronization signal design and procedure is provided in the Appendix.
2. Absolute S-RSRP measurement accuracy
2.1. Discussion

S-RSRP is defined as the linear average over the power contributions (in [W]) of the resource elements that carry DMRS associated with PSBCH, within the central 6 PRBs of the applicable subframes. PSBCH is transmitted with a periodicity of 40ms. Further details on the synchronization signal design are presented in the Appendix (Section 4.1).
Since there is no S-RSRP measurement reporting procedure and/or signaling defined in RAN1/2, the S-RSRP accuracy requirement cannot be tested directly. The purpose of defining this requirement is to serve as a side-condition for SyncRef UE reselection requirements. 
L1 measurement period: PSBCH is transmitted with a periodicity of 40ms. In one transmission of PSBCH, the number of resource elements (REs) for DMRS are 12x6x2 = 144 REs, and the total number of RE’s available in 200ms L1 measurement period is 720 REs. For AWGN, this can be compared with the RSRP accuracy requirement that utilizes 240 REs in 200ms (5 subframe samples in 200ms, measurement BW of 6RBs, 8 REs with CRS every RB). 
Hence L1 measurement period of 200ms for S-RSRP could suffice as the available number of REs (720) is higher than those required in legacy RSRP (240) measurements. However, L1 measurement period of 200ms will result in higher sampling of the available PSBCH (e.g., 2 of 5 PSBCH transmissions in 200ms) for the purpose of S-RSRP measurements due to the lower periodicity (40ms) of PSBCH transmissions. Hence, higher L1 measurement periods can also be considered.
2.2. Simulation assumptions

Table 1: Simulation assumptions for absolute S-RSRP measurement accuracy

	Parameters
	Value
	Comments

	Frame structure type
	1
	FDD

	Measurement bandwidth
	6 resource blocks
	

	System bandwidth
	50 resource blocks
	 

	L1 measurement period
	{200ms, 400ms, 600ms}
	

	Measurement sampling rate
	 -
	Implementation dependent (Note 1)

	L3 filtering
	Disabled
	 

	Transmit antenna
	1
	 

	Receive antennas
	2
	Note that the S-RSRP value shall not be lower than the corresponding S-RSRP of any of the individual diversity branches.

	Propagation conditions
	AWGN, EVA and EPA
	 

	Doppler Frequency: EVA and EPA
	70 Hz (EVA) and 5 Hz (EPA)
	 

	CP length
	Normal
	 

	Carrier frequency
	700 MHz
	 

	Ec/Iot
	-6 dB … 3 dB
	AWGN noise 

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


2.3. Performance metrics

The following performance metrics can be considered
· The CDF curves (including the 95% and 5% CDF points) for (a) Delta S-RSRP, and (b) Measured S-RSRP.
Delta S-RSRP is defined as follows:
Delta S-RSRP = Measured S-RSRP – Ideal S-RSRP.
Ideal S-RSRP is defined as the true value assuming perfect channel estimation using the same sampling rate and sampling occasions as used in the measured S-RSRP evaluation.
3. SyncRef UE selection / reselection 

3.1. Discussion

A brief summary of the synchronization procedure is presented in the Appendix (Section 4.2).
Testing SyncRef UE selection/reselection: In order to test the SyncRef UE selected for D2D synchronization, the UE will have to be enabled to become a synch source itself once it is synchronized. This is because the synchronization signal transmitted by the ProSe UE is a function of the SyncRef UE selected by the UE, e.g., SLSSID chosen by the UE is based on the SLSSID of the SynchRef UE selected.

The UE can be forced to transmit synchronization signal itself (after synchronization to a SynchRef UE) by setting SynchTxThresIC or SynchTxThresOOC as +infinity, such that the condition RSRP / S-RSRP < SyncTxThresIC/OOC is always satisfied. Additionally, the side condition for synchronization signal transmissions must be satisfied, that include that the UE must be transmitting SA and data in every period.
Silence period for the purpose of SynchRef UE selection / reselection: In order for the UE to be able to perform SynchRef selection / reselection, due to the half-duplex constraint it is required for the UE to stop its own synchronization/SA/Data transmissions in order to search for other SynchRef sources. This is true in all cases (reselection to another synchronous or another asynchronous SynchRef UE). 

For ease in exposition, we use the example of reselection to another synchronous SynchRef UE to highlight the need for silence period at the UE, as shown below. 
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Figure 1: Example scenario to show the need for silence period for the purpose of selection / re-selection.
In the example, there are two synchronous SynchRef UEs in the network: (1) UE_INC that is in-coverage and transmitting on synch resource ‘A’, and (2) UE_OOC_1 that is out-of-coverage and synchronized to UE_INC, thus transmitting on the other synch resource ‘B’. When the ProSe UE is at location (Loc:a) in the figure, the UE cannot detect UE_INC and hence selects UE_OOC_1 as the SynchRef UE (that’s transmitting on Resource ‘B’). The UE will itself also become a synchronization source, transmitting on Resource ‘A’. When the ProSe UE moves to location (Loc:b) where the UE_INC is detectable, the UE cannot reselect to the higher priority UE_INC unless it drops its own transmission on that resource periodically to search for such higher priority SynchRef UEs. 
If no silence period is used, then the requirements for reselection will need to be applicable to a very small subset of scenarios, i.e., only for reselection among synchronous SyncRef UEs that are transmitting on the same resource. Hence we propose the UE is allowed a silence period in order to select / reselect to higher priority SynchRef UEs. The side condition for the silence period will also needed to be noted in the specification, e.g., ProSe UE is allowed to drop SLSS/SA/Data transmissions x% of the time for the purpose of SynchRef UE selection / reselection, where x% is the silence period (e.g., 40ms every 2.56sec).
Reselection to a SyncRef UE with same priority but higher S-RSRP: In RAN1 LS R1-145298, the agreements on priorities between SyncRef UEs have been listed. Reselection within the same priority is based on higher S-RSRP. However, the hysteresis and reselection timer that the UE can use are left up to UE implementation. Thus the requirements can be defined for reselection to higher priority SyncRef UEs, with reselection time within the same priority be left to UE implementation.
3.2. 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 2: 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 3: 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 4: 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)


3.3. Performance metrics

The following performance metrics can be considered
· CDF of the SyncRef UE identification delay
· 90% percentile for SyncRef UE identification delay 
4. Appendix: Background on synchronization for D2D communications
RAN1 agreements are summarized in RAN1 LSs: R1-145298 and R1-145478
4.1. Sidelink synchronization design
RAN1 agreements are summarized in the RAN1 LS R1-145478.
For Normal CP, the sidelink synchronization signal design for D2D communications is as shown in the figure below.
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The SSSS symbols are expected to have a maximum power backoff with respect to PSSS symbols [R1-145478]. Hence phase continuity between PSSS and SSSS cannot be assumed at the receiver (even though same antenna port is used for PSSS and SSSS transmission).
4.2. Synchronization procedure

RAN1 agreements are summarized in the RAN1 LSs R1-145298 and R1-145478.

In this section, we briefly summarize a few aspects relevant to the simulation assumptions proposed in this paper. Motivation for some of the simulation assumptions (e.g., SLSS IDs) is also provided. 

· SLSS is transmitted with a periodicity of 40ms, and under the following side conditions

· When UE is in-coverage and RRC_CONNECTED, and syncSourceControl is configured to TRUE by the eNodeB using dedicated RRC signaling

· When UE is in-coverage, syncSourceControl is not configured and syncTxThreshIC is provided in SIB18, and the RSRP of the serving cell is below syncTxThreshIC, and the UE is also transmitting SA and Data.

· When UE is out-of-coverage, and syncTxThreshOCC is preconfigured, and S-RSRP of the SyncRef UE is below syncTxThreshOCC, and the UE is also transmitting SA and Data. This also includes the case when the UE does not see any SyncRef UEs and becomes an independent synchronization source using its own timing.
· The system has two subframes/synchronization resources every 40ms for the transmission of SLSS, indicated using sync-OffsetIndicator1 and sync-OffsetIndicator2. One resource is used for in-coverage UEs (i.e., sync-OffsetIndicator = sync-OffsetIndicator1 or sync-OffsetIndicator2), while both can be used for out-of-coverage UEs.
· In-coverage UEs use one of the resource as configured in the SIB or via dedicated RRC signaling.
· An out-of-coverage UE synchronized to another SyncRef UE (in-coverage or out-of-coverage) uses the resource other than the one used by the SyncRef UE for its SLSS transmissions.

· An out-of-coverage UE that is transmitting SLSS as an independent synchronization source, is preconfigured with the resource to use.
· For SyncRef UE selection / reselection, the following priorities have been defined
· P1: eNodeB

· P2: SyncRef UE that is synchronized to eNB 
· i.e, SyncRef UE with SLSS ID within 0…167, in-coverage bit set to ‘1’

· P3: SyncRef UE that is synchronized to a P2-priority SyncRef UE 

· i.e., SyncRef UE with SLSS ID is within 0…167, in-coverage bit set to ‘0’

· P4: Other SyncRef UEs

· i.e., Syncref UE with SLSS ID is within 168…335

· Among SyncRef UEs at same priority level, a higher priority for selection/reslection is given to the SyncRef UE with higher S-RSRP. The hysteresis and reselection time used by the UE in this case, however, is left to UE implementation.
The following figure depicts the synchronization procedure showing the SLSS and resource selection for various priority levels.
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Figure 2: Example of selection/reselection among synchronized SyncRef UEs
In reference to the above figure, we can verify that all the reselection cases are covered by Case 1/2 for synchronous.
	Selection/Reselection scenario 
(w.r.t. priorities P1 through P4 defined above)
	Reselection Scenarios

	
	SyncRef UE currently synchronized to
	SyncRef UE to identify and reselect
	Interference when reselecting to SyncRef UE 3

	P2 over P3
	SyncRef_OOC_1
	SyncRef_INC
	SyncRef_OOC_2
SyncRef_OOC_4

	P2 over P4
	SyncRef_OOC_2
	SyncRef_INC
	SyncRef_OOC_2
SyncRef_OOC_4

	P3 over P4
	SyncRef_OOC_2
	SyncRef_OOC_1
	SyncRef_OOC_3
SyncRef_OOC_5

	It can be seen that Case 1/2 in Table 3 cover the above scenarios with

SyncRef UE 3 == ‘SyncRef UE to identify and reselect’

SyncRef UE 1 and SyncRef UE 2  == ‘Interference when reselecting to SyncRef UE 3’


The asynchronous case is analogous, but with different value of ‘x’ possible for each of the SyncRef UEs.

Choice of SLSS ID in Table 3: For Case 1 and Case 2 (synchronous), the SLSS IDs of SyncRef UE 3 (= ‘x’) is related to SyncRef UE 1 and SyncRef UE 2 (=168+x) as shown in Figure 2 and the Table above. Hence the SLSS ID  = ‘x’ for SyncRef UE 3 was chosen as the one in [0, 167] that exhibits the highest correlation between SSSS’s with SLSS IDs ‘x’ and ‘168+x’ in the presence of frequency offset between the sources, as shown in the figure below. This will represent the worst-case for the UE w.r.t. detection of SSSS of SyncRef UE 3 due to false peaks with the interference from SyncRef UE 1 and SyncRef UE 2.
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Figure 3: Correlation between SSSS's with SLSS IDs 'x' and '168+x' with varied CFO ([0, 1kHz]) 
For Case 3 and 4 (asynchronous), the SLSS ID’s of the three source are not related as in the case of synchronous sources. The correlation between SSSS of SyncRef UE 3 with SyncRef UE 1 and UE 2 is not of a concern here since those will be distinguished based on the PSSS being transmitted by them (SyncRef UE 3 will use PSSS ID of 26, while others will use PSSS ID of 37). However the UE that is aware of SyncRef UE 1 and SyncRef UE 2 in the system, may also expect their ‘in-coverage counterparts’ (i.e., SyncRef UEs with SLSS ID = [SLSS ID of SyncRef UE 1 – 168] or [SLSS ID of SyncRef UE 2 – 168])). Hence the triplet pairs are chosen such that the SSSS of SyncRef UE 3 has the highest correlation with the ‘in-coverage counterparts’ of SyncRef UE 1 and SyncRef UE 2. 
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