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1. Introduction
This contribution discusses remaining details of D2D synchronization procedures of in-NW and out-NW UEs. For the in-NW UEs, RAN1 made substantial progress in the last meeting by the following agreements, and most of the remaining issues are about the detailed condition for D2DSS transmissions:
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.

Agreement:
· higher layer indicates w1 in a given neighbor cell, UE may assume for the purpose of discovery a reference synchronization window of size +/-w1 ms for that neighbour cell with respect to neighbour cell D2DSS resource
· w1 is a fixed value and decided by RAN4
· UE may assume D2DSS is transmitted in that cell
· If higher layer indicates w2 in a given neighbor cell, UE may assume for the purpose of discovery a reference synchronization window of size +/-w2 ms for that neighbour cell with respect to neighbour cell discovery resource 
· Exact value of w2 is decided by RAN4
· RAN1 recommend  w2 as not greater than CP length (of the order of CP length)
· UE expects that D2DSS indicated by the resource pool configuration appears only within signaled reference synchronization window
For the out-NW UEs, some discussion took place in the last meeting but only the D2DSS resource part was agreed as follows: To complete the synchronization procedure, more details are necessary about when D2DSS a UE transmits which D2DSS as well as how the synchronization re-selection procedure is performed.
Agreement:
· 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

2. Discussion
2.1. Procedure for in-NW UEs
This section discusses remaining FFS points in the agreements made for D2DSS transmission and reception for in-NW UEs. D2DSS transmission can be an optional feature for D2D capable UEs as discussed in [1], so it is straightforward to conclude that a UE transmits D2DSS only if it is capable of D2DSS.

As per the agreement for discovery, a UE transmits D2DSS only in a single subframe in each discovery period. Such operation can be sufficient for discovery which operates only for in-NW UEs in Rel-12. As any in-NW UE is synchronized to a cell, the frequency error between transmitter and receiver UEs is limited and D2DSS detection in a single subframe can be sufficiently reliable. For the FFS on the D2DSS scanning, no related condition is necessary, because it was agreed that the serving cell provides D2DSS resources of neighboring cells and D2DSS resource of multiple cells can be separated in time by the network configuration. As a minor correction to the agreement, a UE may not be able to transmit discovery signal in a resource pool, e.g., due to the conflict with the WAN UL TX. Thus, the condition “the UE transmits a discovery message in the discovery pool” needs to be changed to “the UE intends to transmit a discovery message in the discovery pool.”
For communication, it first needs to be discussed whether D2DSS needs to be transmitted prior to an SA transmission (note that data cannot be transmitted before an SA transmission) because it is possible in the current agreement that SA is transmitted first and D2DSS transmission follows if D2DSS resource does not appear before SA subframes in a SA/data period. As synchronization needs to be made before SA reception, a condition similar to what is adopted for discovery can be added. In this case, however, a single subframe D2DSS may not be sufficient to provide reliable synchronization performance especially for out-NW UEs which may have a large initial frequency offset. Thus, it seems more desirable to transmit D2DSS in multiple subframes prior to an SA transmission. We note that some time limitation is necessary in this advanced D2DSS transmissions because it will be difficult for a UE to make an exact prediction on the intention of SA transmissions if the time gap is large between the D2DSS subframe and the SA subframe. The exact time limitation can be further discussed, but 80 ms can be the baseline in order to include two D2DSS subframes.

In the existing agreement, it is FFS whether a UE transmits D2DSS if it does not transmit SA or data within a SA/data period. We think that the operation for communication should be different from that for discovery in the sense that D2DSS for communication needs to be received by out-NW UEs. To be specific, an out-NW UE can have a large frequency error and D2DSS detection performance should be reliable even under a large frequency offset. For a faster synchronization of out-NW UEs, an in-NW UE needs to transmit D2DSS continuously at least for some time duration such that out-NW UEs can detect D2DSS at least once in a set of continuous D2DSS transmission subframes. Furthermore, considering that out-NW UEs perform D2DSS measurement for the synchronization reference selection and D2DSS transmission condition, and that reliable measurement requires averaging over several D2DSS subframes [2], random on-off of D2DSS transmission in the time scale of 40 ms should be avoided. Therefore, for continuous D2DSS transmissions, we propose that, if a certain condition is met, a UE transmits D2DSS even when the UE is not transmitting SA or D2D data within the SA/data period in which the subframe falls. We call this “condition for continuing D2DSS transmission.”
This “condition for continuing D2DSS transmission” can be based on the principle that a UE continues D2DSS transmission for some time duration if it has transmitted D2DSS before. This principle guarantees continued D2DSS transmissions which is helpful for D2DSS detection and measurement at the out-NW UEs. We can consider the following options for the details of this condition. Figure 1 illustrates the three options.
· Option 1: A “D2DSS transmission timer” is defined. If a UE transmits D2DSS in subframe #n by the condition “the subframe is within the SA or D2D data period in which SA or data is transmitted,” it continues to transmit D2DSS in subframe #n+40, #n+80, …, #n+K*40 even when it does not have SA/data to transmit. Here, the value K corresponds to the D2DSS transmission timer.

· Option 2: The entire DFN range is divided into several time partitions. Assuming that DFN ranges from 0 to 1023 where 1 D2D frame corresponds to 10 ms, DFN partition x includes D2D frame x, x+1, .., x+M-1, leading to 1024/M DFN partitions. If a UE transmits D2DSS in a subframe belonging to DFN partition x, the UE continues to transmit D2DSS in the remaining D2DSS subframes in the DFN partition x. This option has the advantage that a receiver UE can know the time instance of potential D2DSS transmission change after decoding DFN in the associated PD2DSCH.
· Option 3: A kind of “D2DSS measurement period” is defined [2] and a UE which transmitted D2DSS in a subframe also transmits D2DSS in the associated D2DSS measurement period. For example, the closest D2DSS measurement period can be the associated one.
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Figure 1. Three options to define the condition for continuing D2DSS transmission.

On top of the conditions discussed above, it needs to be clarified that a UE shall not transmit D2DSS in a subframe not satisfying the condition for D2DSS transmissions. The eNB is aware of at least a subset of the subframes where no D2DSS is transmitted, and it is possible to use the D2DSS resources in these subframes for cellular transmissions.
The above discussions on the D2DSS transmission from in-NW UEs can be summarized in the following proposals:
Proposal 1: The agreement in RAN1#78bis is refined as follows:

· For in-coverage UEs, 

· 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

· the UE is capable of D2DSS, AND

· the subframe is within the SA or D2D data period in which SA or data is transmitted, OR the subframe is not earlier than [80] ms from a subframe in which the UE intends to transmit SA, OR the subframe satisfies the “condition for continuing D2DSS transmission,” 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 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

· 
· the UE is capable of D2DSS, AND

· the UE intends to transmit 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.
· A UE shall not transmit D2DSS if the above conditions are not satisfied.
Proposal 2: The following three options are considered for the “condition for continuing D2DSS transmission.”
· Option 1: A D2DSS timer is defined and a UE which transmitted D2DSS by the condition of SA/data transmission continues to transmit D2DSS without SA/data transmission until the timer expires.
· Option 2: The entire DFN range is divided into multiple DFN partitions, and a UE which transmitted D2DSS in a subframe continues to transmit D2DSS during the DFN partition.
· Option 3: A D2DSS measurement period is defined, and a UE which transmitted D2DSS in a subframe continues to transmit D2DSS in the associated D2DSS measurement period.
For the reception of D2DSS, the agreement of the reference synchronization window for discovery can apply to communication as well because discovery and communication share the same D2DSS resource. After receiving the discovery resource pools, the UE can know the exact location of D2DSS transmissions for discovery. A minor correction is necessary in the existing agreement in order to limit the UE assumption of D2DSS within the synchronization window to the case of w1: This is because D2DSS may be omitted or transmitted outside the synchronization window in the case of w2.
Proposal 3: The agreement on the reference synchronization window applies to both discovery and communication with the correction that “UE expects that D2DSS indicated by the resource pool configuration appears only within signaled reference synchronization window if w1 is indicated.”
2.2. Procedure for out-NW UEs
In designing the synchronization procedure for out-NW UEs, one important aspect is to minimize the number of D2DSS a UE needs to track. A UE can track only a limited number of D2DSS, so a UE is not able to receive all the incoming SA and data if the number of D2DSS associated with the incoming SA and data exceeds the limit. Evaluation results in [3] provide the following observation on how to reduce the number of D2DSS:
Observation: The performance impact caused by limited UE capability of tracking different timings can be mitigated by the following UE behaviors:

1) A UE synchronized to a D2DSS also transmits the same D2DSS in order to make a synchronization cluster sharing a common timing.
2) Only data TX UEs can be ISS.
3) ISS excludes a D2DSS sequence in the D2DSS reselection if it transmitted the same sequence in the previous period.
Based on this observation, the procedure of D2DSS sequence selection for an out-NW UE can be described as follows:
Step 1: If an out-NW UE selected a D2DSS X in D2DSSue_net as its transmit timing reference,

A. The UE selects D2DSS Y from D2DSSue_oon and transmit it when it transmits D2DSS. This selection can be random, or the UE may avoid selecting D2DSS it has detected during the transmit timing reference selection procedure.

Step 2: else if the UE selected a D2DSS Z in D2DSSue_oon as its transmit timing reference,

A. UE transmits the same D2DSS Z when it transmits D2DSS.

Step 3: else if UE has D2D data traffic to transmit, it becomes an ISS using a randomly chosen D2DSS from the D2DSSue_oon.

Step 2 enables D2DSS relaying operation which reduces the number of D2DSS in the system as per the first observation. In order to implement the third observation, an ISS which initiated the transmission of D2DSS Z should assume in Step 2 that D2DSS Z is not detected so that it can be synchronized to another D2DSS. In other words, an ISS keeps the ISS operation only when it detects during the reselection procedure no D2DSS other than the one it transmitted before the reselection. After this procedure, an out-NW UE can determine the D2DSS sequence to be used if it transmits D2DSS. We note that more precise definition of “detecting D2DSS” is necessary because, for example, it is undesirable to assume that D2DSS is detected and can be used as a reliable synchronization source if the associated PD2DSCH is not correctly decoded or the quality of PD2DSCH reception is expected to be poor. As an example, a UE assumes that D2DSS is not detected (so the D2DSS does not affect in the D2D synchronization procedure of the UE) if the quality of the associated PD2DSCH reception (RSRQ of the PD2DSCH DM RS, for example) is below a certain level. As a result, if a UE “finds” a D2DSS in D2DSSue_net but its quality measurement is below the given level, it assumes that the D2DSS is “not detected” and can select another D2DSS in D2DSSue_oon as its transmit timing reference. We note that the RLM procedure already defines such D2DSS quality measurement for the D2DSS which is PSS/SSS. More discussion on this D2DSS quality measurement can be found in [2].
Proposal 4: The following principles are adopted for D2DSS sequence selection.

· If a UE selected a D2DSSue_oon as its transmit timing reference, it transmits the same D2DSS (subject to the D2DSS transmission condition in Proposal 5).
· A UE assumes that UEs transmitting the same D2DSS sequence are synchronized.
Now we can discuss under which condition an out-NW UE transmits D2DSS using the D2DSS sequence selected by the above procedure. Basically, the formulation for the condition of D2DSS transmission for in-NW UEs can be reused with some modifications. For a UE not an ISS, D2DSS is transmitted regardless of the SA/data transmission from the UE if D2DSS from another UE is detected. This implies that an additional condition needs to be added to the D2DSS transmission from a non-ISS UE. The RSRP threshold can be replaced by the D2DSS measurement threshold, while any eNB configuration part can be removed. We note that the D2DSS transmission prior to SA transmission and the condition for continuing D2DSS transmission are also necessary for out-NW UEs for reliable D2DSS detection and measurement. 
Proposal 5: The following conditions are used to determine whether an out-NW UE transmits D2DSS in a subframe.

· For out-coverage UEs, 

· the UE which is an independent synchronization source, in each subframe in the D2DSS resource it has selected for its D2DSS transmission, shall transmit D2DSS if:

· the subframe is within the SA or D2D data period in which SA or data is transmitted, OR the subframe is not earlier than [80] ms from a subframe in which the UE intends to transmit SA, OR the subframe satisfies the “condition for continuing D2DSS transmission.”
· the UE which is not an independent synchronization source, in each subframe in the D2DSS resource not used for receiving its transmit synchronization reference, shall transmit D2DSS if:
· the subframe is within the SA or D2D data period in which SA or data is transmitted, OR the subframe is not earlier than [80] ms from a subframe in which the UE intends to transmit SA, OR the subframe satisfies the “condition for continuing D2DSS transmission,” OR D2DSS of its transmit synchronization reference is detected within a time window, AND
· D2DSS measurement for its transmit timing reference is less than the threshold.

The D2DSS transmission resource can be easily defined: As there are only two D2DSS resources, an out-NW UE needs to receive D2DSS from its synchronization reference in one resource while transmitting its D2DSS in the other resource. This is in line with the following agreement made in RAN1#76bis:

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. 

Furthermore, to ensure D2DSS reception of itself as well as of the other UEs, a UE shall not transmit any D2D signal/channel in a D2D subframe which is not used for its own D2DSS transmission.
Proposal 6: An out-NW UE shall not transmit any D2D signal/channel in a D2D subframe which is not used for its own D2DSS transmission.

One issue in the D2DSS reselection is when a UE performs this D2DSS reselection procedure. It was discussed in RAN1#77 whether a D2D-silent period is necessary. Although the synchronization resources appear in a periodic manner and it is expected that a UE does not transmit any D2D signals on these synchronization resources except for the one used for its own D2DSS transmissions, there can be D2DSS transmissions from eNBs or UEs un-synchronized with this periodic synchronization resources. Thus, in order to help UEs to scan any potential asynchronous D2DSSs, it is necessary to define the D2D-silent period in which this D2DSS scanning is not interfered with by transmissions from D2D UEs in their proximity. If this period is not defined, an out-NW UE may be unable to detect weak but prioritized D2DSS from eNB or in-NW UE due to the interference from the other out-NW UEs.

Proposal 7: To assist UEs with scanning for other synchronization sources for out-NW UEs, a D2D-silent period defined so that it is a multiple of the D2DSS period length.
3. Conclusion
This contribution discussed remaining issues in D2D synchronization procedure. The proposals are summarized as follows:
Proposal 1: The agreement in RAN1#78bis is refined as follows:

· For in-coverage UEs, 

· 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

· the UE is capable of D2DSS, AND

· the subframe is within the SA or D2D data period in which SA or data is transmitted, OR the subframe is not earlier than [80] ms from a subframe in which the UE intends to transmit SA, OR the subframe satisfies the “condition for continuing D2DSS transmission,” 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 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

· 
· the UE is capable of D2DSS, AND

· the UE intends to transmit 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.
· A UE shall not transmit D2DSS if the above conditions are not satisfied.
Proposal 2: The following three options are considered for the “condition for continuing D2DSS transmission.”
· Option 1: A D2DSS timer is defined and a UE which transmitted D2DSS by the condition of SA/data transmission continues to transmit D2DSS without SA/data transmission until the timer expires.
· Option 2: The entire DFN range is divided into multiple DFN partitions, and a UE which transmitted D2DSS in a subframe continues to transmit D2DSS during the DFN partition.
· Option 3: A D2DSS measurement period is defined, and a UE which transmitted D2DSS in a subframe continues to transmit D2DSS in the associated D2DSS measurement period.
Proposal 3: The agreement on the reference synchronization window applies to both discovery and communication with the correction that “UE expects that D2DSS indicated by the resource pool configuration appears only within signaled reference synchronization window if w1 is indicated.”
Proposal 4: The following principles are adopted for D2DSS sequence selection.

· If a UE selected a D2DSSue_oon as its transmit timing reference, it transmits the same D2DSS (subject to the D2DSS transmission condition in Proposal 5).
· A UE assumes that UEs transmitting the same D2DSS sequence are synchronized.
Proposal 5: The following conditions are used to determine whether an out-NW UE transmits D2DSS in a subframe.

· For out-coverage UEs, 

· the UE which is an independent synchronization source, in each subframe in the D2DSS resource it has selected for its D2DSS transmission, shall transmit D2DSS if:

· the subframe is within the SA or D2D data period in which SA or data is transmitted, OR the subframe is not earlier than [80] ms from a subframe in which the UE intends to transmit SA, OR the subframe satisfies the “condition for continuing D2DSS transmission.”
· the UE which is not an independent synchronization source, in each subframe in the D2DSS resource not used for receiving its transmit synchronization reference, shall transmit D2DSS if:
· the subframe is within the SA or D2D data period in which SA or data is transmitted, OR the subframe is not earlier than [80] ms from a subframe in which the UE intends to transmit SA, OR the subframe satisfies the “condition for continuing D2DSS transmission,” OR D2DSS of its transmit synchronization reference is detected within a time window, AND
· D2DSS measurement for its transmit timing reference is less than the threshold.

Proposal 6: An out-NW UE shall not transmit any D2D signal/channel in a D2D subframe which is not used for its own D2DSS transmission.

Proposal 7: To assist UEs with scanning for other synchronization sources for out-NW UEs, a D2D-silent period defined so that it is a multiple of the D2DSS period length.
______________________________________________________________________
Reference

[1] R1-144886, “Discussion on D2D UE Capabilities,” LG Electronics.
[2] R1-144882, “Measurement for D2D synchronization,” LG Electronics.
[3] R1-144879, “Evaluation results on the D2D synchronization procedure for out-of-coverage network,” LG Electronics.
PAGE  
9

