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1. Introduction

The D2D synchronization procedure has been under discussion in RAN1. The purpose of this contribution is to provide a high-level overview of the RAN1 agreements and discuss the impact on RAN4 requirements. 

Note that since many details have yet to be finalized in RAN1, this contribution merely provides a speculative view on the likely impact to RAN4 requirements based on our understanding of the RAN1 discussions. RAN1 is expected to finalize the details on D2D synchronization procedure in the upcoming RAN1#79 meeting.
A non-complete list of RAN1 agreements on D2D synchronization is provided in Appendix A. The agreements listed are to facilitate the high-level view of the synchronization procedure.

2. Overview of D2D synchronization

For ease of exposition, we provide a high-level overview of the RAN1 agreements using an example UE mobility scenario as depicted in Figure 1.
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Figure 1: Example UE mobility scenario

In Figure 1, the UE moves in- and out-of-network coverage following different synchronization sources. The locations of the UE w.r.t. coverage state and synchronization reference are as follows:

a) In-network coverage (with RSRP > Threshold). Synchronization reference is eNodeB.
b) In-network coverage (with RSRP < Threshold). Synchronization reference is eNodeB.

c) Out-of-network coverage. Synchronized reference is another out-of-coverage UE.

d) Out-of-network coverage. Synchronization reference reselected to an in-network coverage UE transmitting D2D synchronization signals.

e) In-network coverage. Synchronization reference reselected to eNodeB.

We now briefly discuss the RAN1 agreements in context of the UE locations (a) through (e) above. 

At location (a): When the UE is in-network coverage, the UE shall become a D2D synchronization source if instructed by eNodeB via RRC signalling or if the threshold for the condition (RSRP < threshold) is configured by the eNodeB via SIB. The ‘shall’ condition for the UE is applicable only when the UE has D2D data to transmit (SA + data for D2D communications, discovery message for the corresponding discovery pool for D2D discovery).
For location (a), the condition (RSRP < threshold) is not satisfied in this example. Hence the only case when the UE shall be come a synch source is if instructed by the eNodeB. No requirements are needed in this scenario. 

At location (b): In this example, we assume that the serving cell RSRP < threshold at location (b). Hence the UE shall become a D2D synchronization source if ‘threshold’ is configured by the eNodeB via SIBs and the other side conditions are met (SA + data to transmit etc.).

The UE will keep evaluating the serving cell RSRP periodically. For RRC_IDLE UEs, this is done every DRX cycle. For RRC_CONNECTED DRX UEs, serving cell can also be evaluated every DRX cycle. Hence, with the worst-case alignment, [[2] * DRx cycles] maybe required to detect the event (RSRP < threshold). 
Pending finalization in RAN1, some timeline requirements for the UE may be required. Example, if the side conditions on D2DSS transmission are satisfied, then the UE shall transmit D2DSS if the RSRP < threshold is satisfied for at least [[2] * DRx cycles] before the D2DSS resource.
At location (c): The UE moves out-of-network coverage and is synchronized to another out-of-coverage (OOC) UE. Based on preliminary discussions in RAN1, it is possible that the UE will be provided with silence periods (measurement gaps) to search for other synchronization sources (in-coverage or out-of-coverage D2D synchronization sources). The silence periods will be 40ms long (compared to 6ms for WAN) since the D2DSS periodicity if 40ms.
Thus all D2D UEs that are synchronized to each other (using same reference timing source, or multiple references that are synchronized with each other) will not transmit D2D data during the common silence period, with the possible exception of D2DSS transmissions. Thus the silence periods enable the D2D UEs to detect other “asynchronous” D2D synchronization sources.

The D2D UE may also decide to become a synchronization source. RAN1 has however, not defined any mandatory behaviour (‘shall’ requirements) on becoming/ceasing-to-become a D2D synch source. Hence no requirements will be required in RAN4.
At location (d): As described above, the D2D UE will use the silence periods to detect other “asynchronous” D2D synchronization sources operating in its proximity, and reselect if a higher-priority synchronization source is found. eNodeB has the highest priority, followed by an in-network D2D synchronization sources, followed by an out-of-network D2D synchronization source. Reselection between UEs of the same priority will likely be up to UE implementation (pending RAN1 finalization).
At location (d), reselection delay requirements will be required when reselecting from OOC synchronization source to a higher-priority in-coverage synchronization source. The requirements can be derived using similar simulation setup used for cell detection [R4-072215], with the following notes and exceptions:
· “D2D Synch Sources” instead of “Cell” transmitting D2DSS instead of PSS/SSS. 

· Asynchronous simulation scenarios are applicable
· Higher frequency offsets are likely for D2D

· D2DSS design details (if supported, same pss/sss id’s can be used).

· Silence period / Measurement period is 40ms

At location (e): In this example, the UE enters back into network coverage at location (e). For legacy requirements, this corresponds to cell-selection procedure for which minimum requirements are not defined.
Since eNodeB is the highest priority, the UE should reselect to the eNodeB once it enters the network coverage. The maximum reselection time will correspond to the cell identification requirements. The minimum requirements can be defined as following:
· Option 1: legacy cell selection procedure apply (no minimum requirements)

· Option 2: intra-frequency cell identification procedure will apply  
Option 1 is per legacy requirements. Option 2 will necessitate the D2D UE to periodically search for eNodeB on the DL carrier. For FDD bands, this can be done in parallel with D2D operation using the additional receiver chain tuned to DL carrier. For TDD bands, this will need to be done in TDM fashion with the D2D operation, and the delay will be higher.
For D2D on FDD bands, sub options of Option 2 can be considered as follows. Option 2a with legacy intra-frequency cell identification requirements of [800ms] can be reused. This will result in quick reselection, however, will impact the UE power consumption when operating out-of-network coverage since it will need to constantly search for eNodeB on DL. In contrast, Option 2b with legacy intra-frequency cell identification requirements corresponding to a higher DRx cycle can be reused to mitigate the power consumption impact when UE is out-of-network coverage, as [N * 800 ms] to correspond to legacy requirements in Table 8.1.2.2.1.2-1 [TS 36.133].
For D2D on TDD bands, further scaling will need to be performed based on final decision on silence period in RAN1. For Rel-12, only D2D discovery is supported for TDD bands, and hence this requirement can be left FFS in Rel-12.
3. Conclusions
In this contribution, a high-level overview of the D2D synchronization agreements in RAN1 is provided. Based on the agreements and discussion in RAN1, we identify the following impact on RAN4 requirement.

Proposal: RAN4 to consider the following proposed requirements for D2D synchronization (pending RAN1 finalization).
	Synchronization Procedure
	Details
	Proposed requirements

	Becoming a synch source
	In-coverage UEs when configured by eNodeB to become a synch source if RSRP < threshold

· UE has SA and data to transmit

· UE is transmitting discovery message in discovery pool
	Maximum delay in transmitting D2DSS after RSRP < threshold
· Option 1: No requirements

· Option 2: [[2] * DRX cycle]

Note: side conditions on D2DSS transmissions should be met.

	Cease to be a synch source
	In-coverage UEs when configured by eNodeB to cease to be a synch source if RSRP > threshold
	Maximum delay in ceasing D2DSS transmissions after RSRP > threshold

· Option 1: No requirements

· Option 2: [[2] * DRX cycle]

	Reselection to higher priority synchronization reference
	Reselect to higher priority synchronization reference:

· From OOC/INC UE to eNodeB
· From OOC UE to INC UE
	Reselect to eNodeB reference within
· Option 1: Cell selection procedure apply (no requirements)

· Option 2: Intra-frequency cell detection requirements apply

· Option 2a: [800ms] 
· Option 2b: [800 * N]ms, as currently applicable for DRx
· [FFS for D2D on TDD bands]

Reselect to INC UE from OOC UE within

· Option 1: No requirements

· Option 2: As per simulations




OOC: Out-of-coverage

INC: In network coverage 
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5. Appendix A: RAN1 agreements on D2D synchronization
In the tables below, some RAN1 agreements on D2D synchronization are listed that are relevant to the discussion presented in this paper. Note that not all agreements are listed.
	Agreements from RAN1 #78bis

	Agreement:
· 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


	Agreements from RAN1 #77

	Agreement:
· 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


	Agreements from RAN1 #76bis

	Agreement:
· For out-of-coverage

· 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

· 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

· For in-coverage

· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB

· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one. 

· FFS whether any special UE reporting is needed to assist the eNB

· FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted

· Consider interference impact to cellular in such cases. 

· FFS whether UEs in coverage have to be RRC connected in order to transmit D2DSS

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

· For selection of a timing reference D2D synchronization source

· The same prioritization rules should be applied for selection and reselection of the synchronization sources


	Agreements from RAN1 #76

	Working assumption:

· After giving priority to synchronisation sources which are eNBs, followed by UEs within network coverage, selection of D2DSS for derivation of D2D transmission timing is based on at least the following metrics:

· Received D2DSS quality: e.g. A UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

· FFS: Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· FFS on further detailed D2D selection criterion.

· FFS whether to define the measurement for received D2DSS quality.

· FFS on how synchronization source type and stratum level can be carried by D2DSS/PD2DSCH.


	Agreements from RAN1 #75

	Working Assumption:

· Before starting to transmit D2DSS, a UE scans for synchronization sources

· If a synchronization source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS

· FFS whether/when a UE transmits D2DSS

· If a UE transmits D2DSS, the rules for determining which source the UE uses as the timing reference for its transmissions of D2DSS are as follows:

· Synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs

· FFS whether synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage

· Note that this would imply that there is a means to distinguish between a D2DSS transmitted by a UE in coverage and a D2DSS transmitted by a UE out of coverage

· Other details are FFS (including timing advance details)

· If no synchronization source is detected, a UE may nevertheless transmit D2DSS

· A UE may reselect the synchronization source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the synchronization source(s) 

· Detailed rules FFS
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