3GPP TSG RAN WG1 Meeting #78

R1-143034
Dresden, Germany, 18th – 22th August 2014
Agenda item: 
7.2.3.3.3
Source: 
HTC
Title:
D2D Synchronization Procedure in Varied Coverage
Document for:   Discussion / Decision
1. Introduction
After a series of feasibility study on device-to-device (D2D) proximity service, a working item has been agreed to proceed (1) D2D discovery in network coverage (intra-cell and inter-cell) and (2) D2D broadcast communication in network coverage (intra-cell and inter-cell), in partial network coverage, and outside network coverage [1][2]. The partial coverage network and outside network coverage scenarios apply only to public safety use. 
In RAN1#77, D2D synchronization procedure for both discovery and broadcast communication had been discussed and achieved some agreements as follows [3]:
Agreements on D2D transmission timing for communication:

· For in-coverage UEs

· SA uses DL Timing

· For Mode 1, Data timing uses UL Timing

· For Mode 2, FFS: Data uses DL Timing or UL Timing

· DL timing := T2 = 0 (FDD) and T2 = 624TS (TDD)

· UL Timing  := TA + DL timing
Agreements on D2D synchronization source for partial coverage:

· 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

The contribution discusses several FFS issues in D2D synchronization procedure, especially for partial coverage. According to the agreements and discussion status (which refers to possible/proposed agreements in the last meeting), several proposals are presented to facilitate D2D synchronization for in and out of coverage UEs.  And, an example of D2D synchronization scheme is also proposed for further discussion.
2. D2D synchronization in varied coverage
2.1 D2D synchronization for partial coverage
Fig. 1 illustrates an overview example including all the D2D scenarios for D2D ProSe [1]. All scenarios 1A, 1B, 1C, and 1D could be addressed respectively as follows. 

· Scenario 1A: D2D transmission between UE#4 and UE#5 or between UE#5 and UE#6
· Scenario 1B: D2D transmission between UE#3 and UE#4 

· Scenario 1C: D2D transmission between UE#2 and UE#3 

· Scenario 1D: D2D transmission between UE#1 and UE#2 
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Fig. 1 An overview for in, partial, and out of coverage scenarios
In these scenarios, in-coverage UEs (i.e. UE#1, UE#2, and UE#3 in the figure) could have synchronization sources eNBs while out of coverage UEs (i.e. UE#4, UE#5, and UE#6 in the figure) wouldn’t have any eNB as synchronization source for their transmission reference. A mechanism to provide synchronization source is necessary, especially for out of coverage UEs. 
According to the above-mentioned agreements on D2D synchronization source for partial coverage, the set of D2DSS that can be transmitted by a UE is divided into two groups, D2DSSue_net and D2DSSue_oon. D2DSSue_net is a set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB. For instance, UE#1, UE#2, and UE#3 in the figure would make use of a D2DSSue_net sequence for their D2DSS transmission since their transmission timing refers to eNB. D2DSSue_oon is a set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB. For example, UE#4, UE#5, and UE#6 in the figure would make use of a D2DSSue_oon sequence as the D2DSS sequence while they need to transmit D2DSS. 
As a result from the categorization of D2DSS sequences into two different sets, UEs receiving a D2DSS can identify the source is from an in-coverage UE or from an out-of-coverage UE. When UE is out of coverage and detected a D2DSS in D2DSSue_net, whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither is FFS. In the figure, UE#4 could be the one out of coverage and having detecting a D2DSS in D2DSSue_net transmitted from UE#3. 
While we take account of potential interference from out-of-coverage D2D transmissions to the network and possible enlargement of in-coverage D2D transmissions to include out-of-coverage UEs, an out-of-coverage UE, e.g. UE#4, should transmits a D2DSS in  D2DSSue_net as synchronization reference for other out-of-coverage UEs, such as UE#5 and even UE#6. 
Proposal#1: When UE is out of coverage and detected a D2DSS in D2DSSue_net, UE transmits a D2DSS in D2DSSue_net. 

Based on the proposal#1, UE#5 might, after a certain time period for timing re-selection, also transmit a D2DSS in D2DSSue_net. Timing relay will happen automatically. 

If we consider this could be a means to extend in-coverage D2D transmissions to a possible enlarged range including some out-of-coverage UEs, we could sustain the design of D2D synchronization procedure at this point and do not further specify anything about hopping numbers. That means let the out-of-coverage D2D UEs relay in-coverage D2D synchronization timing if it is workable to include out-of coverage UEs into in-coverage D2D transmissions. 
Proposal#2: Allow the in-coverage D2D synchronization timing referred and transmitted by partial and out-of-coverage UEs.  
In case we would like to have a more systematic design to resolve timing issues in varied coverage. Additional information, transmitted explicitly or implicitly within the D2D synchronization signal, is an identification of the UE’s synchronization source. In light of the identification of synchronization source, out-of-coverage D2D UEs would be able to choose between different synchronization sources as its timing reference. 
Proposal#3: Include an identification of its synchronization source in D2D transmission or synchronization signals. 
A complete example to utilize an identification of synchronization source could be found in the following subsection. 
2.2 An example of D2D synchronization scheme for varied coverage
This subsection provide an example of synchronization procedure that can resolve synchronization selection between in-coverage and out-of-coverage D2D timing sources and enlarge the possible in-coverage D2D transmission with in-coverage synchronization timing. 
The starting point is to allow an out-of-coverage UE to serve and behave as a synchronization source by transmitting D2DSS. In order to avoid unnecessary D2DSS transmission, an out-of-coverage should scan for a certain time to make sure no other synchronization source available reachable nearby. Once a UE sourced D2DSS is transmitted from one of out-of-coverage UEs, other out-of-coverage UEs could refer to it. For example, in Fig. 1, UE#5 may transmit UE sourced D2DSS after its initial scanning and no synchronization source found. Then UE#4 and UE#6 could refer to UE#5 sourced D2DSS as their synchronization source. 
Current agreement is to allow an out-of-coverage UE become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE is below X dBm. An out-of-coverage UE should send D2DSS as a UE-sourced synchronization source for nearby out-of-coverage UEs. 

While we consider in-coverage UEs and out-of-coverage UEs jointly, an in-coverage UE might receive UE sourced D2DSS from out-of-coverage UE. Under an assumption that in-coverage UEs all use their eNBs as synchronization sources and do not transmit D2DSS, out-of-coverage UEs won’t receive any D2DSS from in-coverage UEs. D2D transmission between UEs in partial coverage will have (at least) two different synchronization sources. It is not beneficial for D2D communication and might cause more challengeable synchronization process in receivers of D2D UEs.
One possible solution is to allow in-coverage UEs transmit D2DSS under certain circumstances. One suitable circumstance for an in-coverage UE to transmit D2DSS is in case it receives D2D transmission with identification of UE sourced synchronization source. For example, in Fig. 1, UE#3 receives D2D transmission from UE#4 with an identification of its UE sourced synchronization. Then in-coverage UE#3 should start to send D2DSS, referring to eNB, in its following D2D transmission. In such way, UE#4 could learn that D2D transmission from UE#3 has synchronization (and timing reference) to eNB. Considering the priority of network and potential interference to network, out-of-coverage UE#4 should change its synchronization reference to in-coverage UE#3’s D2DSS. 
Requirement#1: An identification of synchronization source is attached with D2D transmission.  
Requirement#2: An in-coverage UE should transmit D2DSS if it receives D2D transmission with identification of UE sourced synchronization source.
Basic identification for synchronization sources could include (1) synchronized to eNB and (2) synchronized to UE. More detailed source types could be considered later. With identification of synchronization source, receiving UEs could decide by themselves whether they would like to synchronize to it or not. Considering the priority of network and potential interference to network, out-of-coverage UE should reselect its synchronization reference to in-coverage UE’s D2DSS. 

Requirement#3: Out-of-coverage UEs should reselect its synchronization reference to in-coverage UE’s D2DSS if available. 

3. Conclusions

The contribution discusses FFS issues in D2D synchronization procedure required for in and out of coverage UEs. Several proposals are presented to facilitate D2D synchronization for partial coverage UEs.  

Proposal#1: When UE is out of coverage and detected a D2DSS in D2DSSue_net, UE transmits a D2DSS in D2DSSue_net. 
Proposal#2: Allow the in-coverage D2D synchronization timing referred and transmitted by partial and out-of-coverage UEs.  

Proposal#3: Include an identification of its synchronization source in D2D transmission or synchronization signals. 
In addition to these proposals, an example of D2D synchronization procedure for partial coverage has been discussed in this document. Three requirements are needed to enable this synchronization procedure for varied D2D coverage. 
Requirement#1: An identification of synchronization source is attached with D2D transmission.  

Requirement#2: An in-coverage UE should transmit D2DSS if it receives D2D transmission with identification of UE sourced synchronization source.

Requirement#3: Out-of-coverage UEs should reselect its synchronization reference to in-coverage UE’s D2DSS if available. 
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