
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK1][bookmark: _GoBack]3GPP TSG RAN WG1 #85	        		              R1-164768
Nanjing, China 23rd - 27th May 2016
[bookmark: Source]Agenda item:	6.2.2.7.2
Source: 	Samsung 
Title: 				    Differentiation on synchronization references
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In RAN1#84 meeting the following working assumption on V2V synchronization was achieved [1]:
Working assumption:
· No new synchronization signal sequence is defined in V2V. 
In the last RAN1 meeting, synchronization enhancement for PC5 based V2V was further discussed with the following agreement [2]:
Agreement:
· Whether eNB timing or GNSS timing is prioritized can be per carrier cell-specifically configured by the cell on which an UE camps
· The carrier that UE camps on can be different carrier other than the carrier that the priority is configured
· If the UE does not receive such a configuration, UE selects synchronization source with the same priority order as out of coverage case
· FFS: The priority order for out of coverage case
In this contribution, we will discuss the remaining issues on synchronization for PC5 based V2V, especially focus on how to different kinds of synchronization references. The issue related to priority order for synchronization references are discussed in our companion contribution [3].
Discussion
2.1 Distinction of V2V Synchronization Sources of different hop levels
For this target, the mechanisms defined in Rel-12/13 D2D can be fully reused, where two sets of SLSS IDs (mapping to different pairs of PSSS and SSSS sequences) joined with incoverage indicator included in PSBCH can differentiate up to 3 hop levels. 
Proposal 1:The mechanism defined in Rel-12/13 D2D for hop level differentiation should be fully reused for V2V.
Furthermore, synchronization sources derived from eNB and those derived from GNSS should be differentiated as well, we propose to use separate SLSS IDs for synchronization sources derived from GNSS, so that receiving vehicles can identify the type of synchronization source (derived from eNB or GNSS) without decoding the PSBCH. In order to reuse the mechanisms defined for D2D for hops differentiation, two sets of SLSS ID should be defined for this kind of synchronization sources; each set consists of one reserved SLSS ID, and the difference value between the two SLSS IDs should be 168, e.g. SLSS ID = 0 for the first set, and SLSS ID = 168 for the second set.
As what is discussed in section 2.1, in coverage synchronization source directly synchronized with GNSS is prioritized over out of coverage synchronization source directly synchronized with GNSS, although they have identical timing. Since the two synchronization sources belong to the same hop level, a new scheme is needed to differentiate them. One of the 19 reserved bits in PSBCH can be redefined as an indicator for this.
The distinction of different kinds of synchronization sources are summarized in Table 1. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Table 1 Distinction of synchronization sources
	
	SLSS ID
	Incoverage indicator
	One reserved bit in PSBCH

	eNB, hop1
	1~167
	1
	Not used

	eNB, hop2
	1~167
	0
	Not used

	eNB, hop3
	169~335
	0
	Not used

	In coverage, GNSS, hop1
	0
	1
	1

	Out of coverage, GNSS, hop1
	0
	1
	0

	GNSS, hop2
	0
	0
	Not used

	GNSS, hop3
	168
	0
	Not used

	Standalone
	169~335
	0
	Not used


[bookmark: OLE_LINK14][bookmark: OLE_LINK15]
Proposal 2: Distinction of synchronization sources based on GNSS vs. eNB synchronization should be considered for V2V. 
2.3 differentiation from D2D synchronization references
Different Synchronization resources for SLSS of V2V
The PSBCH transmitted by vehicle is expected to support a maximum relative velocity of up to 500 km/h [4], the existing PSBCH structure with DMRS spacing of 0.5ms cannot be used in the scenario, so the structure for PSBCH may need to be modified to fit with the high Doppler situation [5]. As in Rel-12 SLSS and PSBCH transmitted from all synchronization sources within the same cell are SFN accumulated, if the PSBCH structure of vehicle is not identical as D2D, the synchronization resources configured for D2D should not be used for vehicle so as to avoid the interference to Rel-12/13 SLSS and PSBCH. 
In Rel-12 two TDMed synchronization resources are preconfigured for UE, so that one UE receiving SLSS/PSBCH in a first resource can transmit SLSS/PSBCH in the second resource. This design should be reused for V2V communication. The periodicity for the synchronization resources can be further evaluated.
Proposal 3: A new pair of synchronization resources different from that for Rel-12 D2D can be defined  for vehicles.
V2V SLSS differentiation from D2D
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK4][bookmark: OLE_LINK5]As per the behavior of selection and reselection of synchronization reference UE defined in [6], D2D communication UE performs SyncRef UE reselection if it can detect another candidate SyncRef UE with same or higher priority as the selected one, and meanwhile the S-RSRP of the candidate SyncRef UE exceeds a specific threshold. In case of D2D and V2V co-existence on shared carrier, if there is no differentiation between SLSS and PSBCH of V2V with D2D, SLSS and PSBCH transmitted by vehicle can trigger a D2D communication UE to perform SyncRef UE reselection.
One example is shown in Figure 2, where the SLSS transmitted by D2D synchronization source belongs to SLSS_oon and the SLSS transmitted by vehicle synchronization source belongs to SLSS_net, hence the receiving D2D communication UE will consider the SLSS transmitted by vehicle as higher priority. Then as long as the S-RSRP measured from vehicle exceeds syncRefMinHyst, the receiving D2D communication UE will start the SyncRef UE reselection procedure.


[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Figure1 SyncRef UE reselection triggered by SLSS/PSBCH transmitted by vehicle
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]In Rel-12 inter-cell discovery, D2D discovery UE identifies the location of neighboring cell discovery resource pool based on SLSS transmitted by the discovery UEs within the cell. If SLSS (PSSS and SSSS) transmitted by vehicle is identical as D2D, and meanwhile using different synchronization resource from D2D, then inter cell discovery reception for Rel-12 D2D discovery UE can be impacted as well. As shown in Figure 3, in case of D2D discovery UE detected the SLSS transmitted by vehicle, it will be led to a wrong discovery resource pool location.


Figure 3 Misunderstanding on discovery resource pool location for D2D discovery UE
In view of above, SLSS transmitted for V2V should not be detectable for D2D UEs. To comply with the working assumption, we prefer to differentiate SLSS transmitted by V2V from that transmitted by D2D using different SSSS sequences. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 4: In order to differentiate SLSS transmitted by V2V from D2D, a different set of SSS sequences should be used for V2V.


One way to differentiate SSS sequences for D2D vs. V2V is to use different SLSS IDs for V2V, which automatically generates a different SSSS. 




We can use different SLSS IDs to generate different scrambling sequences for V2V.  Based on the new SLSS ID for V2V, the two scrambling sequences  and  used for SSS generation, which depend on the primary synchronization signal and are defined by two different cyclic shifts of the m-sequence  according to





where  is assumed and , , is defined by

 with initial conditions 

.




Since is now different for V2V vs. D2D due to new SLSS IDs,  is now different, which leads to two different scrambling sequences  and  for V2V that ensures that D2D receiver cannot detect the new V2V SSSS transmissions.  Thus, D2D and V2V SSS can be differentiated if SLSS IDs {336 – 671} be used instead of {0-335}.   A new SLSS ID can also help with identification of V2V traffic at upper layers, when it needs to be differentiated.

Alternatively, since D2D SSSS uses subframe#0 SSS sequences with IDs from 0~335 defined in Rel-8, which is only a part of the SSS sequences we have in the current specification, the remaining SSS sequences, e.g. subframe#0 SSS sequences with different ID range, or subframe#5 SSS sequences, can be used for V2V.

Proposal 5: New SLSS IDs from {336 – 671} or remaining SSS sequences defined in Rel-8 can be used to differentiate SSSS sequences for V2V from D2D.
Conclusions
In this contribution we discussed the synchronization issues for the remaining scenarios and necessary enhancement for synchronization mechanism, we made the following proposals:
Proposal 1:The mechanism defined in Rel-12/13 D2D for hop level differentiation should be fully reused for V2V.
Proposal 2: Distinction of synchronization sources based on GNSS vs. eNB synchronization should be considered for V2V. 
Proposal 3: A new pair of synchronization resources different from that for Rel-12 D2D can be defined for vehicles.
Proposal 4: In order to differentiate SLSS transmitted by V2V from D2D, a different set of SSS sequences should be used for V2V.
Proposal 5: New SLSS IDs from {336 – 671} or remaining SSS sequences defined in Rel-8 can be used to differentiate SSSS sequences for V2V from D2D.
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