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[bookmark: _Ref174151459][bookmark: _Ref189809556]In RAN#70 a WI, support for V2V services based on LTE sidelink was approved [1]. 
The detailed objectives related to sidelink synchronization are as follows:
1) To specify enhancement to sidelink synchronization procedure necessary for V2V services [RAN1, RAN2]
a) Low priority is given to enhancements to Rel-12/13 SLSS-based synchronization.
In this contribution, we discuss PC5 based V2V synchronization.  
Discussion
In WID, SLSS based synchronization is deprioritized. Therefore, RAN1 discussion should focus on the synchronization based on GNSS and eNB signal. Regarding GNSS or eNB based synchronization, RAN1 agreements made so far can trigger related specification work in other WGs in our view (see a draft LS in [2]) and there are several issues that can be further considered possibly in RAN1 as follows;
Issue 1) GNSS reliability: In RAN1 82bis, the following agreements were made: 
Agreements:
· “Vehicle” UE indicates UE in PC5 V2V. This terminology is only used for discussion convenience.
· GNSS or GNSS-equivalent is at the highest priority of synchronization source for time and frequency when the vehicle UE directly receives GNSS or GNSS-equivalent with sufficient reliability and the UE does not detect any cell in any carrier.
· eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V
· Priority of GNSS or GNSS-equivalent for other cases needs further study
· Priority of other synchronization source needs further study
· Scenarios with there is no eNB coverage and GNSS or GNSS-equivalent coverage need to be studied
· RAN1 will not optimize only for this scenario
· This scenario needs to be supported from the synchronization perspective
· RAN1 assumes that eNBs may not always have GNSS or GNSS-equivalent
· Asynchronous network case should be supported.
· Perspectives for further study:
· eNB assistant information, e.g.
· Timing offset to UTC
· TA or eNB location
· others

To decide GNSS reliability, GNSS measurement metric can be defined. Fortunately, C/No measurement is already specified in TS 36.355 [3] as follows,
--- TS 36.355 ---
GNSS-MeasurementList
The IE GNSS-MeasurementList is used by the target device to provide measurements of code phase, Doppler, C/No and optionally accumulated carrier phase, also called accumulated deltarange (ADR).
-- ASN1START

GNSS-MeasurementList  ::= SEQUENCE (SIZE(1..16)) OF GNSS-MeasurementForOneGNSS

GNSS-MeasurementForOneGNSS ::= SEQUENCE {
	gnss-ID					GNSS-ID,
	gnss-SgnMeasList 		GNSS-SgnMeasList,
	...
}

GNSS-SgnMeasList ::= SEQUENCE (SIZE(1..8)) OF GNSS-SgnMeasElement

GNSS-SgnMeasElement ::= SEQUENCE {
	gnss-SignalID			GNSS-SignalID,
	gnss-CodePhaseAmbiguity	INTEGER (0..127)		OPTIONAL,
	gnss-SatMeasList 		GNSS-SatMeasList,
	...
}

GNSS-SatMeasList ::= SEQUENCE (SIZE(1..64)) OF GNSS-SatMeasElement

GNSS-SatMeasElement ::= SEQUENCE {
	svID 				SV-ID,
	cNo 				INTEGER (0..63),
	mpathDet 			ENUMERATED {notMeasured (0), low (1), medium (2), high (3), ...},
	carrierQualityInd 	INTEGER (0..3) 				OPTIONAL, 	 
	codePhase 			INTEGER (0..2097151),
	integerCodePhase 	INTEGER (0..127) 			OPTIONAL,
	codePhaseRMSError 	INTEGER (0..63), 						 
	doppler 			INTEGER (-32768..32767) 	OPTIONAL,
	adr 				INTEGER (0..33554431) 		OPTIONAL,
	...
}

-- ASN1STOP

	cNo
This field provides an estimate of the carrier‑to‑noise ratio of the received signal from the particular satellite. The target device shall set this field to the value of the satellite C/N0, as referenced to the antenna connector, in units of 1 dB‑Hz, in the range from 0 to 63 dB‑Hz. Scale factor 1 dB‑Hz.



It is natural to reuse C/No for GNSS measurement. It is noted that this C/No is measured per satellite. If C/No is used as GNSS measurement metric, it should be clarified that how GNSS reliability is determined based on the multiple observed C/No measurements. 
Observation 1: C/No in TS36.355 can be used to determine the reliability of GNSS signals. 
Observation 2: If C/No in TS36.355 is used as GNSS measurement metric, it needs to be clarified that how GNSS reliability is determined based on the multiple observed C/No measurements.

Issue 2) Reference carrier selection for PC5 based V2V: If there is no eNB in PC5 carrier, a UE can derive its timing reference from one of Uu carriers or eNB indicated carrier. This feature has already been specified in Rel. 13 D2D discovery as follows, 
--- TS36.331 ---
[bookmark: _Toc439068792]5.10.6b	Sidelink discovery announcement reference carrier selection
A UE capable of sidelink discovery that is configured by upper layers to transmit sidelink discovery announcements shall:
1>	for each frequency the UE is transmitting sidelink discovery announcements on, select a cell to be used as reference for synchronisation and DL measurements in accordance with the following:
2>	if the frequency concerns the primary carrier: use the PCell as reference;
2>	else if the frequency concerns a secondary carrier: use the concerned SCell as reference;
2>	else if the UE is configured with discTxRefCarrierDedicated for the frequency: use the cell indicated by this field as reference;
2>	else if the UE is configured with discTxRefCarrierCommon for the frequency: use the serving cell (RRC_IDLE)/ PCell (RRC_CONNECTED) as reference;
2>	else: use the DL frequency paired with the one used to transmit sidelink discovery announcements on as reference;
---
eNB can indicate which carrier should be used for timing reference and DL measurements in PC5 carrier. 
Proposal 1: eNB can indicate which carrier should be used for timing reference and DL measurements in PC5 carrier.

Issue 3) DFN reference: If GNSS is used for timing reference, DFN can be derived from UTC obtained from GNSS. It was already agreed that eNB instructs vehicle UE to prioritize either eNB-based synchronization or GNSS or GNSS-equivalent at least when the eNB is in the carrier where the vehicle UE operates on PC5 V2V. If eNB instructs eNB-based synchronization is prioritized, DFN follows SFN. If eNB can receive GNSS signal, SFN can be also derived from UTC, but it is network implementation issue. 
Proposal 2: If GNSS is used for timing reference, DFN can be derived from UTC obtained from GNSS.

Following issues are related to SLSS based synchronization, so it can be discussed if time is allowed. 

Issue 4) SLSS measurement modification: PSBCH DMRS is used to measure the quality of synchronization signal reception. For PC5 based V2V, due to the high Doppler and high mobility, OCC of DMRS may not be used. In current specification, there are 336 SLSS IDs and 480 DMRS sequences (=30 base sequences * 8 (CS) *2 (OCC)). If OCC is not used, there are only 240 DMRS sequences, so some of DMRS sequences are overlapped even though SLSS ID is different. Two options can be considered; 
Option 1) For PC5 based V2V, up to 240 SLSS IDs are used. 
Option 2) S-RSRP is filtered for same SLSS ID. We have already faced with similar situation in rel. 13 D2D discovery. In rel. 13, all UE use same DMRS sequences for discovery, so discovery RSRP is L3 filtered for same discovery ID. Similarly, PSBCH DMRS RSRP can be averaged for same SLSS ID. 
Observation 3: If OCC is not used for PSBCH DMRS for PC5 based V2V, two options can be considered.
Option 1) For PC5 based V2V, up to 240 SLSS IDs are used. 
Option 2) S-RSRP is filtered for same SLSS ID. We have already faced with similar situation in rel. 13 D2D discovery. In rel. 13, all UE use same DMRS sequences for discovery, so discovery RSRP is L3 filtered for same discovery ID. Similarly, PSBCH DMRS RSRP can be averaged for same SLSS ID.
Issue 5) SLSS/PBSCH format: As discussed in [2], higher density DMRS and Comb type RS are considered to cope with high frequency offset. Similar approach can be applied PSBCH for PC5 based V2V. However, due to the lack of usable number of symbols for PSBCH in SLSS subframe is limited, the coding rate of PSBCH will be worse. If SLSS symbols can be used for PSBCH demodulation, PSBCH decoding performance can be enhanced without DMRS format enhancement. If there is no discovery UE in PC5 V2V carrier, the UEs can use SLSS as reference signal for PSBCH. To help this operation, eNB can indicate whether SLSS is quasi-co-location with PSBCH DMRS or not. 
Observation 4: If SLSS symbols can be used for PSBCH demodulation to cope with high Doppler for PC5 based V2V, PSBCH decoding performance can be enhanced without DMRS format enhancement. To help this operation, eNB can indicate whether SLSS is quasi-co-location with PSBCH or not.

We note that, for issues 1 – 4, RAN1 can make decision as no time units are allocated to RAN2 and RAN4 in 1Q/2016 for them, but other WGs can handle them if deemed more desirable.

Conclusion
This contribution discussed on sidelink synchronization. The discussions can be summarized as follows:
Observation 1: C/No in TS36.355 can be used to determine the reliability of GNSS signals. 
Observation 2: If C/No in TS36.355 is used as GNSS measurement metric, it needs to be clarified that how GNSS reliability is determined based on the multiple observed C/No measurements.
Proposal 1: eNB can indicate which carrier should be used for timing reference and DL measurements in PC5 carrier.
Proposal 2: If GNSS is used for timing reference, DFN can be derived from UTC obtained from GNSS.
Observation 3: If OCC is not used for PSBCH DMRS for PC5 based V2V, two options can be considered.
Option 1) For PC5 based V2V, up to 240 SLSS IDs are used. 
Option 2) S-RSRP is filtered for same SLSS ID. We have already faced with similar situation in rel. 13 D2D discovery. In rel. 13, all UE use same DMRS sequences for discovery, so discovery RSRP is L3 filtered for same discovery ID. Similarly, PSBCH DMRS RSRP can be averaged for same SLSS ID.
Observation 4: If SLSS symbols can be used for PSBCH demodulation to cope with high Doppler for PC5 based V2V, PSBCH decoding performance can be enhanced without DMRS format enhancement. To help this operation, eNB can indicate whether SLSS is quasi-co-location with PSBCH or not.
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