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1
Introduction
The issues related to the conditions of D2DSS transmission have been discussed over previous RAN1 meetings. The D2DSS transmit conditions for in-coverage UE performing communication or discovery agreed in RAN1#78bis are as follows, 
Aggrement from RAN1#78bis [1]
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

· 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.

As per above agreements, an important message retrieved is that UE can proactively transmit D2DSS as long as eNB doesn’t stop to do it and the criterion with respect to RSRP threshold is met, the mian discription is focusing the case where UE working in the RRC_Connected state.
In the meanwhile, RAN2 has discussed resource allocations for exceptional casese in the RRC_Connected state, where UE originally use mode 2 resource can temporarily use mode 2 resource (fall back resource) while timers like T310 is running [2], which is the consequence of failure links between UEs and eNB. Excerpted agreements from RAN2 87 [2] to 87bis [3] corresponding to the operation of exceptional cases are captured as follows.
Agreements from RAN2 86 [2]
5
The eNB may configure a UE in RRC_CONNECTED by dedicated signalling with a mode 2 resource allocation transmission resource pool that may be used without constraints while the UE is RRC_CONNECTED. 

5a
Alternatively, the eNB may configure a UE in RRC_CONNECTED by dedicated signalling with a mode 2 resource allocation transmission resource pool which the UE is allowed to use only in exceptional cases and rely on mode-1 otherwise.

The eNB may provide in SIB a mode 2 resource allocation transmission resource pool that authorised UEs may use while in IDLE. 

6a
If the eNB does not provide mode-2 resources in SIB but indicates that D2D is supported, the UE needs to enter RRC_CONNECTED if it wants to perform ProSe Direct Communication transmission. 

10
The UE considers itself to be in exceptional conditions while T311 or T301 is running and may use mode-2 resources provided by the current cell. Further details (exit condition… FFS).
Agreements from RAN2 87 [3]
1
While T310 is running, the UE may use Mode-2 fallback resources

Agreements from RAN2 87bis [4]
1
If SIB18 does not contain normal mode-2 resources and the UE performs a connection establishment, it may use the fallback resources provided in SIB18 from the first T300 expiry until receiving the first RRCConnectionReconfiguration containing a ProSe configuration or until the network sends the Prose-Reject message or until the network rejects or releases the RRC Connection. The UE shall continue to attempt establishing an RRC Connection while using the fallback resources. 

FFS whether the reject is a new message or an RRCConnectionReconfiguration with an invalid ProSe configuration. 

2
The exit condition related to T310, T311 and T301 is that none of these timers is running

The intention of above agreements is to solve the problem of service continuity while ocassionally link failure happens between UEs and eNB, possiblity taken place during RRC_Connected state (RAN2 #86) or RRC_Idle state while RRC connection failure (RAN2 #87bis) .In this contribution, we want to raise the issue that the timing accuracy of D2DSS derived from eNB may deteriorate while synchronization source UEs entering exceptional cases, such as T310 is running, i.e., out-of-sync events triggered. 
It is worth noting that exceptional cases usually happens for the UEs located near the cell edges, ironically, the cell edges UEs, depend on the setting of RSRP threshold, dominate the D2DSS transmission for forwarding synchronization reference for out-of-coverage UEs. Therefore, even though the agreements on the conditions of D2DSS transmission discussed in RAN1 are satisfied, the justification of D2DSS transmission in the exceptional cases based on the timing derived from eNB need to be further analyzed. 

2
Discussion on D2DSS transmission in the exceptional cases
According to the working assumption on D2DSS transmission. Before starting to transmit D2DSS, a UE scans for D2D synchronization sources. For in-coverage UEs, it is assumed the timing is derived from eNBs since they have higher priority than other synchronization sources which are in-coverage UEs. If PSS and SSS can be detected, then the UE proceeds the synchronization procedure to synchronize to the eNB and act as a candidate of synchronization source. If exceptional cases happen, then radio link to eNB is loosely synchronized, this may arouse an ambiguity that whether the UEs already configured or proactively become synchronization sources are eligible to perform D2DSS transmission. Otherwise, other reinforments should be proposed to realize precise synchronization. 
In the following, we proposed five possible schemes and analysed how to overcome the issue of non-reliable D2DSS transmission while the synchronization sources fall into exceptional cases.
· Scheme 1 :  Syncrhonization sources stop D2DSS transmission autonomously once exceptional cases triggered.

There could be some drawbacks in this scheme. If there are some out-of-coverage UEs already synced to these syncrhinization sources and are performing D2D communications, unexpected or sudden interruption of D2DSS transmission will accordingly complicate the data extraction at receiving UEs since they cannot forecast and change the synchronization source in time. Moreover, in this way eNB cannot recognize the behaviour of committed synchronization sources, which could lead to managerial inconsistency.
· Scheme 2 : Syncrhonization sources reselect one of in-coverage synchronization resources other than eNB and then derive the D2D transmit timing from it during the exceptional period.

If the exceptional case happens, eNB’s timing is no longer reliable, get rid of original timining and reselect a timing reference from normal UEs seems a reasonable solution, especially in the case of long exceptional period. Nevertheless, this scheme may violate the agreement already made in RAN1, i.e., eNBs have higher priority as being a synchronization reference than any other UEs. Another concern will be the additive efforts to monitor and additional time spent to do measurement on other synchronization resources, which cause another computational or reselection overhead.   
· Scheme 3 : Syncrhonization sources keep D2DSS transmission based on the latest eNB timing at the time before entering exceptional conditions.
This is the solution with minimum impact to the existing agreements, and could also be applied to the duration of synchronization resource reselection, i.e., keep the beforehand transmit timing. Nevertheless, if the occupation period of exceptional cases is too long and there are quite a lot of pre-synced out-coverage UEs, especially in a multihop manner, the impact could be profound due to error timing propagations. It is worth to note that UEs receiving D2DSS cannot aware what happens to the syncrhonization source and may miss the chance to conduct synchronization source reselection procedure for better synchronization sources.
· Scheme 4 : Similar to Scheme3, but syncrhonization sources also announce the status (e.g., exceptional case) via PD2DSCH.

This scheme address the concern of unawareness of degrading D2DSS at the out-of-coverage UEs. With the notification of sync source status such as exceptional case conditions in PD2DSCH, out-of-coverage UEs can aware and reselect another synchronization source which is in normal operation. However this scheme has impact on the allowable bit size and the agreed contents in PD2DSCH.    
· Scheme 5 : Similar to Scheme3, however the transmit power of D2DSS is slowly downgraded.
To further address the concern of accompanied information needed in Scheme 4, an implicit notification schemem is proposed where the synchronization source under exceptional cases can gradually downgrade the transmission power of D2DSS, in such way the out-of-coverage UEs tend to select another sync source after comparing the received RSRP. Compared to Scheme 4, the power control based scheme implicitly announce the sync performance by properly adjusting the D2DSS transmit power. The capability of independent power control on D2DSS is necessary in this scheme. 
Based on the above comparisons of different schemes, we have the following obeservations.

Observation 1. Considering the possible exceptional conditions for RRC_Connected UEs, a mechanism to differentiate the performance of the transmitted D2DSS from in-coverage synchronization sources is necessary.
Observation 2. The proposed mechanism should not affect the receving timing continuity and accuracy on the perspective of out-of-coverage UEs. 
Based on the above observations, we have the following proposal.
Proposal 1. In the exceptional conditions where in-coverage synchronization source cannot get reliable timing from eNB due to exceptional cases, the timing of D2DSS transmission is based on the latest eNB timing with additional notification of exceptional conditions using explicit (Scheme 4) or implicit (Scheme 5) schemes.

.

3
Conclusion

In this contribution, we anaylized the D2DSS transmission of in-coveage UEs where exceptional cases happen unexpectedly. In order to keep continuous timing received at out-of-coverage UEs, the D2DSS should keep transmission by in-coverage synchronization sources. However, the degradation of the D2DSS also need to be announded and mechanisms for out-of-coverage UEs can aware and reselect another synchronization resource is necessary.
Observation 1. Considering the possible exceptional conditions for RRC_Connected UEs, a mechanism to differentiate the performance of the transmitted D2DSS from in-coverage synchronization sources is necessary.
Observation 2. The proposed mechanism should not affect the receving timing continuity and accuracy on the perspective of out-of-coverage UEs. 

Proposal 1. In the exceptional conditions where in-coverage synchronization source cannot get reliable timing from eNB due to exceptional cases, the timing of D2DSS transmission is based on the latest eNB timing with additional notification of exceptional conditions using explicit (Scheme 4) or implicit (Scheme 5) schemes.
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