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1 Introduction

The study report on radio aspects for D2D proximity services is provided in [1]. In past RAN1 meetings, following agreement and working assumptions were made.
In RAN1 #76bis, the following agreement and working assumption were made, regarding D2D synchronization resources.

Working assumption:
· A synchronization source transmits D2DSS periodically
· D2DSS period is not smaller than 40 ms
· FFS whether D2DSS period is configurable/pre-defined, e.g., depending on scenarios

Agreement:

· For out-of-coverage UEs

· Synchronization resources that occur periodically are used for transmitting D2DSS 

· FFS whether PD2DSCH (if supported) is transmitted

· Size of a synchronization resource is FFS

· It is fixed in specification

· Periodicity of synchronization resources is pre-configured 

· Whenever a D2D Synchronization Source transmits on a synchronization resource, it transmits at least D2DSS on the synchronization resource, and receives at least D2DSS on other synchronization resource(s) (which may or may not be pre-configured)
· Which synchronization resource is used for transmission is FFS
· FFS: timing offset between transmit and receive resources

· FFS: possible mechanism to handle the case of other out-of-coverage UEs transmitting on the same synchronization resource as the UE is transmitting on. 
· Working Assumption: For both in-coverage and out-of-coverage, a synchronization resource for D2DSS occupies the 6 central RBs of a sub-frame

In RAN1 #77, the following agreements were made, regarding D2D synchronization resource for D2D discovery with consideration of asynchronous system, and regarding D2DSS sequence, respectively.

Agreements:
· 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
Agreements:
· 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
In RAN1#78, the following agreement from RAN1#77 was discussed again, for understanding. In RAN1#78 chairman’s notes, the following was captured. 

Agreement from RAN1#77:

· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery
RAN1 understands “D2DSS transmission configuration” in this agreement to include at least the D2DSS sequences. 

Alt 1:

· D2DSS resource periodicity and transmission periodicity are both the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery
· E///, Sharp

Alt 2:
· D2DSS resource periodicity is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery, but the D2DSS transmission periodicity may be different between D2D discovery and D2D communication

· LGE 

Alt 3:

· Both D2DSS resource periodicity and transmission periodicity can be different between D2D discovery and D2D communication if NW supports both D2D communication and discovery
· QC
Alt 4:

· D2DSS transmission configuration for a given UE is the same between D2D discovery and D2D communication if the UE supports both D2D communication and discovery
· Samsung
Revisit it in RAN1 #78bis meeting
Given the above agreements and working assumptions, this contribution further analyzes and discusses resource allocation for synchronization signal to assist D2D discovery/communication in asynchronous network. 
2 Scenario
A scenario is to support inter-cell D2D communication/discovery, when the cells are asynchronous. For example, as shown in FIG. 1, eNB1 and eNB2 are asynchronous. UE1 is an in-coverage (IC) UE with eNB1, UE2 is an IC UE with eNB2. How UE1 and UE2 can have D2D communication/discovery, considering that they have TX timing derived from eNB1 and eNB2, respective, yet the timing is not synchronized. 

The solution which was discussed in RAN1 #77, was that for discovery case, UE2 may transmit a D2DSS in the first subframe of its discovery resource within a discovery period, so that UE1 may detect D2DSS from UE2, and decode the discovery signal. Similarly, UE4 may transmit a D2DSS in the first subframe of its discovery resource within a discovery period, so that UE3 may detect D2DSS from UE4, and decode the discovery signal from UE2.

It was agreed that in RAN1 #76bis, that for out-of-coverage (OOC) UE (e.g., UE5), synchronization resources that occur periodically are used for transmitting D2DSS. It is also noted that OOC discovery is not in the scope of working item, which means that the agreement made in RAN1 #76bis is for communication case. 
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FIG. 1.  Inter-cell D2D discovery/communication

3 How to understand “D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery”
A question to ask is how to understand “D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery” as in the agreement made in RAN1 #77. 
To understand it, firstly, it has to be understood what D2DSS transmission configuration for IC UE should be. 
D2DSS transmission resources for IC UE in communication case
The working assumption in RAN1 #76bis says that a synchronization source transmits D2DSS periodically. The agreement in RAN1 #76bis, says that for OOC UE, synchronization resources that occur periodically are used for transmitting D2DSS. Based on these, the D2DSS transmission resources for IC UE in communication case can also be periodic, as to confirm the working assumption.  
Proposal 1: For in-coverage UE, synchronization resources that occur periodically are used for transmitting D2DSS, in D2D communication case.    

Implication of “D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery” 
In NW which supports both D2D communication and discovery, there can be UEs which support discovery only, UEs which support communication only, and UEs which support both, see FIG. 2.
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FIG. 2.  Inter-cell D2D discovery/communication

This agreement in RAN1 “D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery” implies, if NW supports both D2D communication and discovery, TX UE with discovery only will not transmit any additional D2DSS for discovery only, unless the first subframe of the discovery resource in discovery period is also the resource for D2DSS in communication case. This is because D2DSS for communication case has smaller time scale, while D2DSS for discovery case has larger time scale, and to make a same configuration of the resource, the resource with smaller time scale will be used, and resource with larger time scale will either already be included in the smaller time scale one, or it has to be omitted. The discovery RX UE can also try to detect D2DSS transmitted by UEs which support communication or both communication and discovery, to get synchronized. 
If the agreement is meant to say that in NW which supports both D2D communication and discovery, D2DSS transmission for D2D discovery only UE will not transmit any additional D2DSS for discovery only, if the first subframe of the discovery resource in discovery period is not included in the resource for D2DSS transmission for D2D communication only UE (e.g., TX UE with discovery-only will not transmit any D2DSS), then what if there are many UEs which support discovery only, but not many UEs which support communication or UEs which support both communication and discovery? The chance that a discovery UE detects D2DSS transmitted by other UE in neighboring cell can be very low.
Hence, it may be better to either remove the sentence in the agreement, or change it to “D2DSS transmission configuration for a UE is the same between D2D discovery and D2D communication if the UE supports both D2D communication and discovery” if it was the original intention.
Proposal 2: The sentence “D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery” in the agreement may be removed,  or be changed to “D2DSS transmission configuration for a UE is the same between D2D discovery and D2D communication if the UE supports both D2D communication and discovery” if it was the original intention.

4 D2DSS sequence to be used by IC UE in communication/ discovery case

Implied by an agreement in RAN1 #77, “D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB,” for IC UE, it will use a D2DSS sequence from D2DSSue_net, if the UE transmits D2DSS. 

Based on agreement on discovery case, “if Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB,” it implies the D2DSS for discovery case, if any in SIB, is cell specific.  Combining above, the D2DSS for discovery case will be cell specific, and the sequence is from D2DSSue_net.

For communication case, there seems no decision on whether the D2DSS sequence to be used by IC UE is cell-specific or UE-specific. If we read that “D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery”, does it mean that D2DSS sequence for D2D communication case to be used by IC UE is also cell-specific? Or should we interpret in another way -  if NW supports both D2D communication and discovery, D2DSS for discovery case then is omitted, only D2DSS for communication is used, where D2DSS sequence for communication can be UE-specific?
For communication case, having UE-specific D2DSS sequence may have benefits, as communication supports both IC and OOC, where UE may need to measure D2DSS signal strength to determine to which it can synchronize. (On the other hand, for discovery case, there is no issue, as OOC UE will not try to sync to a UE which only supports discovery, and the D2DSS for discovery purpose will not serve a purpose for communication UE to get synchronization.) For example, in FIG. 1, assume UE3, UE2, UE4, UE5 all support D2D communication. UE5 may need to measure D2D signal strength from UE3, UE2, UE4. If UE4 and UE2 use the same D2DSS sequence (and the same hop number), if the resources (in time/frequency) for D2DSS also collide, UE5 may have difficulty in measuring the signal strength from each of these two UEs, or the measurement w.r.t. each of these two UEs may become inaccurate. UE5 may falsely regard sync signal from UE4 is stronger than D2DSS from UE3, as UE4’s sync signal is added on with UE2’s sync signal, while in fact the sync signal from UE3 is stronger than the one from UE4. This may cause the following communication unreliable from UE4 to UE5, comparing UE3 and UE5. Therefore, having cell-specific D2DSS sequence for D2D communication case may not be preferable, as it may impact the measurement for sync selection/reselection when UEs have the same D2DSS sequence. 

Hence, for communication case, UE-specific D2DSS sequence is preferred, if the UE transmits D2DSS.   
Observation 1: The following is preferred. For D2D discovery case, D2DSS sequence to be used can be cell-specific. For D2D communication case, UE-specific D2DSS sequence is used. For a UE which supports both D2D communication and discovery, it uses UE-specific D2DSS sequence.      

Proposal 3: Kindly request RAN1 to clarify or remove “The same PD2DSS and SD2DSS sequences is used for D2D communication” in the following agreement made by RAN1 #77
· 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
If UE-specific D2DSS is used for D2D communication, e.g., in FIG. 1, assume UE2, UE4, support both discovery and communication, while UE5 supports only communication, and then UE2, UE4, UE5 use different D2DSS sequence. Assume UE3 support only discovery. Assume UE3 obtains a resource pool of eNB2 via its serving cell, where the resource pool of eNB2 is associated with PCID of eNB2, as well as a D2DSS for discovery case in eNB2. UE3 does not detect PCID of eNB2, nor it detects D2DSS for discovery case associated with eNB2, but UE3 may detect D2DSS from UE2, UE4, or UE5. For UE3 to understand the resource pool of eNB2, UE2, UE4, UE5 may include PCID of eNB2 in PD2DSCH, so that UE3 can acquire PCID of eNB2 in detected PD2DSCH from UE2, UE4 or UE5. UE3 can then use the PCID of eNB2 to determine (up to subframe level) the RX pool of eNB2, and use D2DSS of UE2, UE4 or UE5 to finer tune the RX sync (up to symbol level). 
PD2DSCH including a field for PCID of the cell from which the UE derives its TX reference timing may also be needed for synchronous system, if the UE (including OOC UE which derives TX reference timing from the cell) uses UE-specific D2DSS sequence, and if neighboring cell’s resource pool is indicated with an association of its PCID. 
Hence it is beneficial that for a UE which supports D2D communication only, or a UE which supports both D2D communication and discovery, in its PD2DSCH, it includes the PCID of the cell from which it derives its TX reference timing. 
Proposal 4: For UE which supports D2D communication only, or UE which supports both D2D communication and discovery, in its transmitted PD2DSCH it may include PCID of the cell from which it derives its TX reference timing, if neighboring cell’s resource pool is indicated with an association of its PCID. 
5 Conclusions

This contribution analyzes and discusses resource allocation for synchronization signal to assist D2D discovery/communication in asynchronous network. 
The following observation is made.

Observation 1: The following is preferred. For D2D discovery case, D2DSS sequence to be used can be cell-specific. For D2D communication case, UE-specific D2DSS sequence is used. For a UE which supports both D2D communication and discovery, it uses UE-specific D2DSS sequence.      

The following proposals are proposed.

Proposal 1: For in-coverage UE, synchronization resources that occur periodically are used for transmitting D2DSS, in D2D communication case.    

Proposal 2: The sentence “D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery” in the agreement may be removed,  or be changed to “D2DSS transmission configuration for a UE is the same between D2D discovery and D2D communication if the UE supports both D2D communication and discovery” if it was the original intention.

Proposal 3: Kindly request RAN1 to clarify or remove “The same PD2DSS and SD2DSS sequences is used for D2D communication” in the following agreement made by RAN1 #77
· 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
Proposal 4: For UE which supports D2D communication only, or UE which supports both D2D communication and discovery, in its transmitted PD2DSCH it may include PCID of the cell from which it derives its TX reference timing, if neighboring cell’s resource pool is indicated with an association of its PCID. 
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