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Discussion
1 
Introduction
Based on RAN1’s agreement [1], the synchronization between UEs in a D2D link shall be acquired before D2D discovery/communication procedure. Also as defined in [2], there are multiple timing reference D2D synchronization sources. This is different from the legacy LTE network where eNB is used as the only one timing reference source. Although how to select the D2D synchronization source are still being discussed in RAN1 [2], the following two typical D2D cases can be considered. 
· When UE with D2D capability is in-coverage, eNB will be served as synchronization resource. The timing and synchronization will be based on the received PSS/SSS from eNB. 

· When UE with D2D capability is out-of-coverage, UE with D2D capability will be served as synchronization resource. The timing synchronization will be based on the received D2DSS from individual UE.
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Figure 1. D2D synchronization sources 
In this paper, our views on D2D synchronization performance requirements with different D2D synchronization sources are presented.

2 
Discussion

· D2D UEs in-coverage
In [1] one of basic rule to select the reference D2D synchronization source is:

“D2D Synchronization Sources which are eNodeBs have a higher priority than D2D Synchronization Sources which are UEs;”

This implies that the synchronization source shall be eNB for UEs in-coverage. 
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Figure 2. D2D synchronization in-coverage 

Observation 1:  When D2D UEs in-coverage, all D2D UEs are synchronized to eNB. D2D UEs Tx timing can be derived from severing eNB. The timing misalignment between UEs in a same D2D link should be small enough small. 
Observation 2: D2D synchronization mechanism in case of in-coverage (e.g. physical D2D synchronization signal, synchronization procedures) is almost same as that of the legacy UE in the cellular network.

Proposal 1: When D2D UEs in-coverage, the requirements on D2D UE transmission timing and synchronization source identification can be reused.
· D2D UEs out-of-coverage

For out-of-coverage UEs, the synchronization sources can be an individual UEs. The new D2DSS synchronization signal will be specified in RAN1. 
Based on the agreements in RAN1 given in the appendix, we summarize the main difference between D2DSS signal and PSS/SSS in Table 1, from the aspects of periodicity, sequence, waveform and physical channel.

Table 1. Difference between D2DSS and PSS/SSS
	
	D2DSS
	PSS/SSS in LTE
	Impacts on RRM

	Periodicity
	Dynamically changed with D2D discovery/communication period 
	Statically as 2pairs/frame
	Yes for the core RRM requirements

	Sequence
	PD2DSS : new root indices
SD2DSS: Same sequence as Rel-8 SSS


	Rel-8 PSS/SSS sequence
	Yes for test cases 


	Waveform
	SC-FDMA without DFT-precoding
	OFDM
	Yes for the core RRM requirements

	Physical channel
	PD2DSCH:

· Only transmitted from synchronization source

· QPSK modulation

· TBCC

· 16bits CRC

· Message scrambling sequence is derived from PSSID

· Multiplexed in the same PRBs with D2DSS
	PDSCH:

· Mapped to central 6PRBs

· QPSK modulation

· TBCC

· 16bits CRC

· Message scrambling sequence is derived from 
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	Yes for test cases. 


Observation 2:  In out-of-coverage D2D, as the synchronization source is not eNB, the synchronization signal in physical layer is definitely different from the legacy one. Especially, the D2DSS periodicity relies on D2D discovery/communication. The synchronization performance with new D2DSS shall be different with these using PSS/SSS of the cellular network [3].  
Proposal 2: The new synchronization requirements for D2D UE out-of-coverage should be investigated based on the differences between D2DSS and PSS/SSS in terms of periodicity, sequence and physical channel.
Before OOC D2D synchronization, UE need to scan the D2D synchronization sources [1]. In RAN1#78bis the following agreements were achieved for D2D synchronization source selection also [6].
	· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 

· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm

· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source

· Set of other possible values of X is FFS

· synchSourceThres (i.e., X) has the same range as the in-coverage RSRP thresholds, excluding values –infinity and -115dBm, i.e., {-110 … -60 (increments of 5), +infinity}dBm

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS


Observation 3:  Signal strength measurement for D2DSS was discussed in RAN1. In spit of the details of such measurement is still under discussion in RAN1, it is expected that the related RRM requirements should be different from the existing one and newly defined in RAN4.
Proposal 3: In RAN4, the new RRM accuracy requirements on the measurement for D2D synchronization source selection shall be specified.
3 
Conclusion
In this contribution, further considerations on D2D synchronization requirements are presented. In conclusion, the following observations and proposals can be drawn: 

Proposal 1: When D2D UEs in-coverage, the requirements on D2D UE transmission timing and synchronization source identification can be reused these defined in [3].

Proposal 2: The new synchronization requirements for D2D UE out-of-coverage should be investigated based on the differences between D2DSS and PSS/SSS in terms of periodicity, sequence and physical channel.
Proposal 3: In RAN4, the new RRM accuracy requirements on the measurement for D2D synchronization source selection shall be specified.
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5 Appendix
Until RAN1#78bis meeting the following agreements were reached for D2DSS signal design [2] [4].  

	Working assumption: D2D Synchronization Sources transmits a D2DSS that:

· May (FFS) carry the identity and/or type of the D2D Synchronization Source(s)

· Comprises of at least a Primary D2D Synchronization Signal (PD2DSS) 

· PD2DSS is a Zadoff Chu sequence

· comprise of a Secondary D2D Synchronization Signal (SD2DSS)
· SD2DSS is a M sequence

· SD2DSS is specified

Working Assumption: A synchronization resource contains 

· In a sub-frame:

· If 2 symbols, sequences in the different PD2DSS symbols use the same root indices 

· Number of symbols for PD2DSS will not be less than the number of symbols for SD2DSS

· Exact symbol locations are FFS

· PD2DSS is 62 length Rel-8 PSS sequence mapped centrally symmetric around D.C. frequency – FFS if root indices are same or different than  Rel-8 PSS root indices 
For PD2DSS,

· Sequence:

· New root indices

· FFS: Detailed root indices

· Waveform:

· SC-FDM without DFT-precoding

· Number of symbols in a subframe is 2

For SD2DSS,

· Sequence:

· Same sequence as Rel-8 SSS

· Waveform:

· SC-FDM without DFT-precoding with reduced power with respect to PD2DSS

· FFS: how to specify reduced power mechanism for SD2DSS

· Number of symbols in a subframe is 2

Within a subframe, D2DSS symbol location is fixed for a given CP length
For reception, in-coverage UEs may need D2DSS from another in-coverage UEs for time/freq. synchronization in some inter-cell scenarios

For PD2DSCH,

· Only transmitted from synchronization source

· QPSK modulation

· TBCC

· 16bits CRC

· Message scrambling sequence is derived from PSSID

· Multiplexed in the same PRBs with D2DSS

· FFS: Symbols used only for D2DSS and PD2DSCH within a subframe

Communication UEs transmitting D2DSS transmit PD2DSCH in in-coverage, out of coverage cases

In coverage UEs participating only in discovery do not transmit PD2DSCH

PD2DSCH periodicity is same as D2DSS periodicity 

· PD2DSCH at least contains:

· DFN 
· When PD2DSCH is transmitted by a UE in coverage, DFN = SFN of the cell of the UE 

· DFN is represented by 14 bits, comprised of SFN + offset indication

· TDD UL/DL configuration (3 bits)

· When PD2DSCH is transmitted by a UE in coverage, the value corresponds to the cell of the UE

· Field is reserved in case of FDD

· Field is reserved at least when PD2DSCH is transmitted by UEs which are transmitting D2DSS from D2DSSue_oon

A receiving UE shall assume that any UE which is transmitting D2DSS from D2DSSue_oon is using the same preconfigured value of any reserved field.
D2DSS and PD2DSCH have equal CP length

Reception of D2DSS transmitted by a UE does not require blind detection of CP length

The CP for D2DSS & PD2DSCH (when supported)  can be configured independently from other CPs

In coverage, D2DSS & PD2DSCH (when supported) open loop power control parameters, i.e. P0 and alpha, can be independently configured from power control parameters of other channels

FFS whether DCI format 5 power control parameter also applies to D2DSS and PD2DSCH
D2DSS of synchronization source derived from eNB is different to D2DSS of synchronization source not derived from eNB

The set of D2DSS that can be transmitted by a UE is divided into two groups:

· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB

· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB

· FFS: If multi-hop is supported

· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 

· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither

For out-of-coverage UEs that do not use D2DSS from D2DSSue_net as the synchronisation reference for D2D transmission, CP length for D2DSS and PD2DSCH is preconfigured

Final agreements in RAN1#78bis:
· For in-coverage UEs, 

· A maximum of 1 D2DSS resource (comprising a periodically occurring subframe in which D2DSS may be transmitted if the conditions below are satisfied (note that the eNB may reuse resources which are not used for D2DSS transmission)) can be configured per cell for in coverage UEs

· The D2DSS resource periodicity is: 

· The same for in-coverage and out-of-coverage

· Fixed to 40 ms in the specifications

· The D2DSS resource can be configured with a time offset with a granularity of 1 subframe

· The D2DSS resource offset of neighbour cells can be signalled in a SIB w.r.t. SFN#0 of the serving cell with a granularity of 1 subframe

· For a UE transmitting SA or D2D data, in each subframe in the D2DSS resource, the UE shall transmit D2DSS if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the subframe is within the SA or D2D data period in which SA or data is transmitted, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signalling) to start D2DSS transmission, AND/OR FFS other condition(s) are satisfied if the UE is not transmitting SA or D2D data within the SA/data period in which the subframe falls OR all of the following conditions are satisfied: 

· an RSRP threshold for communication D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signalling) to stop D2DSS transmission.

· For a discovery UE, for each discovery pool, the UE shall transmit D2DSS in the first subframe of the discovery pool if this subframe is in the D2DSS resource, or otherwise in the latest subframe of the D2DSS resource before the start of the discovery pool, if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS: the UE is not scanning for other D2DSS (details FFS), AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the UE transmits a discovery message in the discovery pool, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signalling) to start D2DSS transmission, OR all of the following conditions are satisfied: 

· an RSRP threshold for discovery D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signalling) to stop D2DSS transmission.

· Out-of-coverage UEs do not transmit D2DSS on more than 1 D2DSS resource

· 2 D2DSS resources are used for out-of-coverage

· FFS whether the locations are preconfigured, signalled or fixed in the spec w.r.t. DFN#0
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