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1. Introduction
After the discussion on synchronization design in RAN1#77 meeting, the agreement on synchronization resource allocation is summarized by following.
Agreement:
· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery.
· For Type 1 discovery

· For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals

· If Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB
· The same PD2DSS and SD2DSS sequences is used for D2D communication
· Else sequence transmitted can be configured using dedicated RRC signaling

· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS

· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured

· FFS: If all discovery UEs transmit D2DSS

In this contribution, we further discuss the resource allocation for D2DSS and PD2DSCH.
2. Discussion
2.1. Clarification on current agreement

It was agreed that “D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery” in RAN1#77 meeting. However, the description is ambiguous and companies have different understandings on the agreement.  Whether “D2DSS transmission configuration” here includes only D2DSS sequences or may also include D2DSS resource periodicity and/or transmission periodicity needs to be clarified. Here, we first analyze the D2DSS periodicity of different types of D2DSS.
It was also agreed that the first subframe of the Tx resource pool for type 1 discovery can be used to transmit D2DSS. Similarly for type 2B discovery, UE can also be configured by eNB to transmit D2DSS in its Tx pool. This type of D2DSS used to support inter-cell discovery is so-called discovery-associated D2DSS. For discovery UEs, the D2DSS transmission periodicity is equal to discovery period, which could be up to several seconds. 

For communication, D2DSS may be used to support multi-hop synchronization as discussed in [1]. This type of D2DSS is so-call multi-hop D2DSS, and can be transmitted by both out-of-coverage UEs and in-coverage UEs. To ensure the synchronization accuracy of multi-hop synchronization, multi-hop D2DSS should be transmitted in short periodicity, e.g. 40ms, which is greatly smaller than the transmission periodicity of discovery-associated D2DSS. 
As discussed in section 2.4, the first subframe of a SA resource pool may also be used for in-coverage UEs to transmit D2DSS to support inter-cell communication like discovery. If supported, this D2DSS can be defined as communication-associated D2DSS, whose transmission periodicity is equal to SA period, e.g. tens or hundreds of msec.
It can be found that the transmission periodicity of above three types of D2DSS would be independent and generally different to satisfy respective requirement. The periodicity of multi-hop D2DSS should be independently configured, while the periodicity of the other two types of D2DSS is associated with respectively configured resource pool. Corresponding synchronization resources would also be independently configured without overlapping. For each type of D2DSS, we can’t see the scenario where the D2DSS resource periodicity needs to be different from the D2DSS transmission periodicity.

Proposal 1: The D2DSS transmission periodicity can be independently configured for discovery and communication from UE and network perspective, which is equal to the D2DSS resource periodicity.
In the following section, we discuss the synchronization resource allocation for the above three types of D2DSS.
2.2. Synchronization resource allocation for multi-hop synchronization
As discussed in [1], D2DSS may be forwarded by some times to enlarge the synchronization range of an eNB or ISS for synchronized D2D transmission. The D2DSS can be used by out-of-coverage UEs to acquire synchronization reference. Multi-hop D2DSS should be configured with short periodicity (40-100ms) to ensure the synchronization accuracy after multiple relaying. For in-coverage UEs, the periodicity can be configured by eNB based on the cellular traffic and overhead. For out-of-coverage UEs, the pre-configure periodicity can be smaller than that of in-coverage UEs since the physical resources for D2D are more sufficient.  It should also be noted that out-of-coverage discovery can also be supported by multi-hop D2DSS in future release.
To indicate the Tx resource pool of communication for out-of-coverage UEs or carry D2D frame number for D2D synchronization [3], PD2DSCH should be transmitted following multi-hop D2DSS. For synchronized D2DSS/PD2DSCH with different stratum level, their timing reference is approximate, but carried information would be different. For example, D2DSS in D2DDue_net would carry the information of stratum level via synchronization source type. PD2DSCH of in-coverage UEs would carry the resource pool information while PD2DSCH of out-of-coverage UEs would not. To avoid interference among D2DSS/PD2DSCH synchronized to the same synchronization source but at different stratum level, they should occupy orthogonal synchronization resources. For synchronized D2DSS/PD2DSCH at the same stratum level, whose signal is identical, they can be multiplexed in the same synchronization resource via SFN. In this case, the number of synchronization sources for multi-hop D2DSS is depended on the supported maximal stratum level.
Proposal 2: Periodic synchronization resources are allocated to carry D2DSS and PD2DSCH to support multi-hop based synchronization procedure.
· The periodicity should be short.

· The number of synchronization resources within one period is depended on the supported maximal stratum level.
With the above multiplexing mechanism in mind, we analyze the synchronization resource allocation in different scenarios.
Out-of-coverage scenarios
Assuming that multi-hop D2DSS is supported with a maximal value limitation M to the stratum level [1], M+1 subframes can be allocated as synchronization resources per period in each out-of-coverage synchronization cluster as shown in Fig.1. One synchronization resource occupies the 6 central RBs of a subframe, and synchronization signal with different stratum levels occupy different resources. An out-of-coverage UE can transmit synchronization signal in the next synchronization resource after the synchronization resource of its reference synchronization source if the stratum level of its D2DSS is smaller than M. Then it can update its synchronization reference immediately after detection of D2DSS from its reference synchronization source.
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Figure 1: synchronization resource pattern with maximal stratum level M=1 in out-of-coverage scenarios
Partial coverage scenarios
In partial coverage scenarios, the synchronization resources should be allocated for both in-coverage UEs and out-of-coverage UEs. If the synchronization source periodicity of in-coverage UEs is also pre-configured to be the same as that of out-of-coverage UEs, the synchronization source pattern in Fig.1 can be fully reused for in-coverage UE (instead of ISS UEs) and out-of-coverage UEs. However, if the synchronization source periodicity of in-coverage UEs is configured by eNB, which may be different from that of out-of-coverage UEs, it would be more complex for out-of-coverage UEs to track the synchronization of in-coverage UEs and update its own synchronization accordingly. To reduce the latency of the synchronization update, and also reduce the power consumption, it is preferred for out-of-coverage UEs to transmit and receive D2DSS within one synchronization resource buffer like the case in out-of-coverage scenarios (Fig.1). This can be easily achieved by restricting the configurable periodicity values for in-coverage UEs to be times of the pre-configured periodicity for out-of-coverage UEs. 

The corresponding synchronization resource pattern is shown in Fig.2. For out-of-coverage UEs synchronized to eNB, M subframes are pre-configured as synchronization resources with pre-configured periodicity. One additional resource is reserved for synchronization signal transmission of in-coverage UEs with eNB-configured periodicity. That means in some pre-configured period, in-coverage UEs would not transmit synchronization signal. An out-of-coverage UE can start to transmit D2DSS in the next synchronization resource after that of reference synchronization source with preconfigured periodicity like the UE procedure in out-of-coverage scenarios. 
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Figure 2: synchronization resource pattern with maximal stratum level M=1 in partial coverage scenarios
Proposal 3: D2DSS/PD2DSCH for multi-hop synchronization occupies synchronization resource according to its stratum level.

· M+1 subframes are pre-configured as synchronization resources per pre-configured period for out of coverage UEs synchronized to ISS, where M is the maximal stratum level of synchronization signal.
· M subframes are pre-configured as synchronization resources per pre-configured period for out of coverage UEs synchronized to eNB, where M is the maximal stratum level of synchronization signal.
· One subframe is configured as synchronization resource per synchronization resource period for in-coverage UEs.

Proposal 4: The synchronization resource periodicity of multi-hop D2DSS transmitted by in-coverage UEs is one or multiple times of that for multi-hop D2DSS transmitted by out-of-coverage UEs.
2.3. Synchronization resource allocation for discovery
Discovery-associated D2DSS can be exploited by D2D UEs in neighboring cells to acquire the synchronization reference to receive the discovery signal. Since the D2DSS for type 1 discovery is followed by discovery signal from the same cell, receiver can detect the discovery signal after detection of this D2DSS. The discovery resource pools for detection were agreed to be indicated by RRC signaling in [2]. That means PD2DSCH to carry the discovery resource pool information is not needed. For type 2B discovery, to acquire the synchronization information before detection of discovery signal, the discovery-associated D2DSS can also occupy the first subframe of the Tx resource pool.
Proposal 5: For type 2B discovery, the first subframe of the Tx resource pool can be used to transmit D2DSS like type 1 discovery.

For a D2D UE transmitting discovery signal, whether it can become a synchronization source and transmit discovery-associated D2DSS is configured by eNB according to the agreement on synchronization procedure. This implies that there may be only part of discovery UEs in a cell transmitting D2DSS. In our contribution [3], we also propose that RSRP is used for in-coverage UEs to judge whether it can transmit D2DSS. With this assumption, for a discovery UE who is not a synchronization source, it should still perform rate-matching in the reserved synchronization resource that may be used by other discovery UEs to transmit D2DSS.
Proposal 6: For a discovery UE, it should assume that D2DSS may be transmitted in reserved synchronization resource of its serving cell and rate-matching is always performed.
2.4. Synchronization resource allocation for communication

During the email discussion [78-10] on parameter of resource pool offsetIndicatorInitialization after #78 meeting, there was argument on how to indicate the parameter for eNB and then acquire the timing of reception resource pools from neighboring cells for UEs. To support inter-cell communication among asynchronized cells, two synchronization mechanisms associated with  different indication methods can be considered for receivers to detect the communication signal from neighboring cells.
· Option 1: the offset parameter refers to SFN#0 of serving cell, and the detection process is:
· a. Serving cell acquires the resource pool information and timing information of asynchronized neighboring cell (e.g. timing difference with serving cell);
· b. Serving cell indicates UEs the reception pool information, in which the subframe offset is indicated based on the serving cell’s timing. There may be timing error of no more than one subframe if timing difference between cells is not times of subframe length;
· c. D2D UEs detect D2DSS in the reception resource pool within a window of one subframe length based on the timing acquired from serving cell;
· d. D2D UEs acquire the accurate timing of reception resource pool from D2DSS, and detect communication signal in the reception resource pool.
· Option 2: the offset parameter refers to SFN#0 of neighboring cell, and the detection process is:
· a. Serving cell acquires the resource pool information of asynchronized neighboring cell, which is based on the timing of neighboring cell;
· b.  Serving cell indicates UEs the reception pool information, and the subframe offset is indicated based on the neighboring cell’s timing;
· c. D2D UEs blindly detect the D2DSS and PD2DSCH transmitted by D2D UEs in neighboring cells, and acquire synchronization of neighboring cell from D2DSS and PD2DSCH;
· d. D2D UEs detects communication signal in the reception resource pool according to the timing  of neighboring cell.
In Option 1, eNB can provide subframe level synchronization information to simplify the synchronization process. The detection complexity of Option 2 would be significantly higher due to blind detection of D2DSS/PD2DSCH without any synchronization information. However, it is unclear whether eNB can acquire the timing information of all interested neighboring cells in a non-standardized way. If not, Option 2 can be adopted to support inter-cell communication at the cost of UE complexity. 
Whether specific synchronization resource is allocated for inter-cell communication is depended on which option is adopted. For Option 1, the first subframe of SA resource pool should be reserved to transmit communication-associated D2DSS for fine synchronization. For Option 2, the D2DSS/PD2DSCH for multi-hop synchronization described in section 2.2 can be reused to acquire the synchronization of neighboring cells.
Proposal 7: D2DSS for multi-hop synchronization can be reused for inter-cell communication if the offsetIndicatorInitialization of reception pool is based on the SFN#0 of corresponding neighboring cell. Otherwise, the first subframe of SA resource pool can be used to transmit D2DSS for in-coverage UEs.

2.5. Resource multiplexing within one synchronization resource
D2DSS and PD2DSCH would be multiplexed in the same synchronization resource at least for multi-hop D2DSS as discussed in section 2.2. Within that synchronization resource, a receiving UE needs to detect D2DSS first, and then detects corresponding PD2DSCH based on the information carried by D2DSS. D2DSS and PD2DSCH can be TDMed within a subframe to match the process.  Since some information associated with the priority of D2DSS may be carried by PD2DSCH, e.g. stratum level, the same resource period is preferred for one type of D2DSS and PD2DSCH to ensure each D2DSS makes sense for receiver. This design would also simplify the synchronization subframe design.
It was agreed that two symbols were respectively allocated for PD2DSS and SD2DSS. As proposed in [4], D2DSS can be used as DMRS of PD2DSCH without specific DMRS. To reduce the delay of synchronization process, two continuous symbols in the start of a synchronization subframe could be assigned for PD2DSS for initial synchronization. For SD2DSS which is transmitted with reduced power, continuous symbols would be also beneficial to improve the detection SNR via signal combination between symbols. Two continuous symbols at the end of a synchronization subframe could be assigned for SD2DSS, and external interpolation can be avoided for channel estimation. The proposed structure of a synchronization subframe including D2DSS and PD2DSCH is shown in Figure 4.
If only D2DSS is transmitted in one synchronization resource without PD2DSCH, it is FFS whether a different allocation is used. For example, the rest symbols may be used to transmit other types of signal.

[image: image3.emf]PD2

DSS

PD2

DSS

D2DSS/ 

DMRS

Subframe

Void

6

P

R

B

s

PD2DSCH

DataDataData

Data

DataData

DataDataData

SD2

DSS

GP

SD2

DSS


Figure 4: Multiplexing of D2DSS and PD2DSCH
Proposal 8: The subframe structure in Fig.4 is adopted if D2DSS and PD2DSCH are transmitted within one synchronization resource.
3. Conclusion
In this contribution, three types of synchronization signal are defined for different purpose. The synchronization resource allocation is discussed for different types of D2DSS. The resource multiplexing between D2DSS and PD2DSCH is also analyzed. Our proposals are summarized below.
Proposal 1: The D2DSS resource periodicity and transmission periodicity could be independently configured for discovery and communication from UE and network perspective.
Proposal 2: Periodic synchronization resources are allocated to carry D2DSS and PD2DSCH to support multi-hop based synchronization procedure.
· The periodicity should be short.

· The number of synchronization resources within one period is depended on the supported maximal stratum level.
Proposal 3: D2DSS/PD2DSCH for multi-hop synchronization occupies synchronization resource according to its stratum level.

· M+1 subframes are pre-configured as synchronization resources per pre-configured period for out of coverage UEs synchronized to ISS, where M is the maximal stratum level of synchronization signal.
· M subframes are pre-configured as synchronization resources per pre-configured period for out of coverage UEs synchronized to eNB, where M is the maximal stratum level of synchronization signal.
· One subframe is configured as synchronization resource per synchronization resource period for in-coverage UEs.

Proposal 4: The synchronization resource periodicity of multi-hop D2DSS transmitted by in-coverage UEs is one or multiple times of that for multi-hop D2DSS transmitted by out-of-coverage UEs.
Proposal 5: For type 2B discovery, the first subframe of the Tx resource pool can be used to transmit D2DSS like type 1 discovery.

Proposal 6: For a discovery UE, it should assume that D2DSS may be transmitted in reserved synchronization resource of its serving cell and rate-matching is always performed.
Proposal 7: D2DSS for multi-hop synchronization can be reused for inter-cell communication if the offsetIndicatorInitialization of reception pool is based on the SFN#0 of corresponding neighboring cell. Otherwise, the first subframe of SA resource pool can be used to transmit D2DSS for in-coverage UEs.
Proposal 8: The subframe structure in Fig.4 is adopted if D2DSS and PD2DSCH are transmitted within one synchronization resource.
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