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1 Introduction

The study report on radio aspects for D2D proximity services is provided in [1]. In particular, it includes the following working assumptions that were made in RAN1 #76, regarding D2D synchronization.

Working Assumption:

Synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage. 

Working assumption:

· After giving priority to synchronization sources which are eNBs, followed by UEs within network coverage, selection of D2DSS for derivation of D2D transmission timing is based on at least the following metrics:
· Received D2DSS quality: e.g. A UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

· FFS: Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

· FFS on further detailed D2D selection criterion.

· FFS whether to define the measurement for received D2DSS quality.

· FFS on how synchronization source type and stratum level can be carried by D2DSS/PD2DSCH.

In RAN1 #76bis, the following agreement was made, regarding D2D synchronization procedure.

Agreement:

· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 
· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm
· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source
· Set of other possible values of X is FFS

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

· For in-coverage

· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB

· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one. 

· FFS whether any special UE reporting is needed to assist the eNB

· FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted

· Consider interference impact to cellular in such cases. 

· FFS whether UEs in coverage have to be RRC connected in order to transmit D2DSS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronisation source are FFS

In RAN1 #77, the following agreement and discussions were made, regarding D2D synchronization procedure.

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
Proposed Agreement:

· Alt1: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net,

· If the UE selects the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSSue_net as its timing reference if it becomes a D2D synchronization source.
· FFS whether it transmits the same D2DSS, in which case a hop count is carried in the PD2DSCH
· If the UE does not select the detected D2DSS whose sequence is in D2DSSue_net as the timing reference for its transmissions, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.
· Alt2: When UE is out of coverage and detected a D2DSS whose sequence is in D2DSSue_net, it transmits a D2DSS whose sequence is in D2DSS_ue_oon if it becomes a D2D synchronization source.
Continue discussion until RAN1#78, and also consider what is meant by out of coverage in this context.

Proposal:

· For in-coverage UEs, 
· eNB can explicitly configure D2DSS transmission based on UE request.

· The following conditions can be configured by eNB for D2DSS transmission:

· Proactive Approach:  

· RSRP from the eNB is below X dBm.

· Received power of detected D2DSS in D2DSSue_net is below Y dBm.

· Reactive Approach:

· Received power of detected D2DSS in D2DSSue_oon exceeds Z dBm.

· FFS if different values of X, Y, or Z are used.

· D2DSS is used for received power measurements.

· FFS if PD2DSCH is used.

· Other criteria are not precluded.

· For out-of-coverage UEs with TX timing reference derived from eNB can be triggered for D2DSS transmission when at least one of the following conditions is met:

· Received power of detected D2DSS in D2DSSue_oon exceeds Z dBm.

· Received power of detected D2DSS in D2DSSue_net is below Y dBm.

· FFS if different values of Y or Z are used.

· D2DSS is used for received power measurements.

· FFS if PD2DSCH is used.

· Other criteria are not precluded.

Continue discussion until RAN1#78.

While in RAN2, the following agreements related to in coverage and out of coverage were made in RAN2 #85bis.

Agreements
1
A UE is considered in-coverage if it has a serving cell (CONNECTED) or is camping on a cell (IDLE). 

2
If a UE is out of coverage it can only use mode 2.

3
If a UE is in coverage it may use mode 2 if the eNB configures it accordingly. 

4
If a UE is in coverage it may use mode 1 if the eNB configures it accordingly.  

4a
If the UE is instructed to use mode 1, there may be exceptional cases where the UE is allowed to use mode 2 temporarily  (criteria are FFS (e.g. if UE fails to establish an RRC connection….))

4b
We intend to define the exceptional cases rather than an edge-of-coverage “state”. 

Further, the following agreements related to in coverage and out of coverage were made in RAN2 #86.
Agreements
· During normal operation, the UE only changes from mode 1 to mode 2 if it is configured by the eNB to do so.

· During normal operation, the UE only changes from mode 2 to mode 1 if it is configured by the eNB to do so.

· 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. 

· 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. 

· 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. 

· 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).
This contribution discusses some of the FFS aspects in RAN1 agreements and working assumptions, regarding D2D synchronization procedure, especially with the consideration of possible reconfiguration for D2D synchronization, due to UE’s change of being in-coverage or out-of-coverage, given RAN2’s agreements.
2 D2D synchronization procedure considering UE’s states
For brevity, IC stands for in-coverage, OOC stands for out-of-coverage.

The IC definition given by RAN2 is for IDLE UE and CONNECTED UE. Currently agreed exceptional conditions “when T311 or T301 is running”, are for CONNECTED UE. This contribution discusses what the D2D synchronization procedure should be for CONNECTED UE, considering the agreed exceptional conditions agreed in RAN2, as well as more possible exceptional conditions. For IDLE UE, the synchronization procedure can be for a separate discussion, not included in this contribution. 

During normal operation, the CONNECTED UE can change D2DSS transmission status if it is configured by the eNB to do so. The eNB may configure the D2D UE to transmit D2DSS. The eNB may also configure the D2D UE to stop transmitting D2DSS. 
If the UE is instructed to transmit D2DSS, there may be exceptional cases (considering UE’s states) where the UE is allowed to stop transmitting D2DSS temporarily or transmit D2DSS not as the first hop from the eNB.

For CONNECTED UE, the eNB may configure the UE (e.g., a D2D UE which supports D2D communications) to perform measurement and/or report measurement about other D2D UEs. The measurement report may be helpful for the eNB to decide whether a D2D UE should transmit D2DSS or not. E.g., when the UE is about to lose network connection, the UE can be configured to start measuring signal from other D2D UEs. The eNB can then instruct the UE to stop transmitting D2DSS as the first hop from eNB, at an effective timing (e.g., after some time duration). The eNB may also instruct the UE to synchronize its TX timing to which node (e.g., which other UE), and the transmission of D2DSS can be according to the node that the UE is to synchronize its TX timing to (e.g., hop number is determined accordingly. If the UE synchronizes its TX timing to another UE which has hop number 1, the UE can transmit D2DSS as hop number 2).  

If the reporting is not possible, or the eNB’s further instruction is not possible after the eNB instructs D2DSS transmission, or the UE does not receive further instruction from eNB after the instruction of transmitting D2DSS, then in the exceptional cases, the UE can make decision autonomously. The UE can consider itself to be in exceptional case (considering UE’s states) while T310, T311 or T301 is running, or upon T310, T311, or T301 expiry.
In the exceptional cases, the UE may stop transmitting D2DSS. For example, the UE may stop transmitting D2DSS while T310, T311 or T301 is running or upon T310, T311, or T301 expiry, since it indicates that the UE has an unstable access to the current eNB, e.g. radio link failure or RRC connection re-establishment failure. The UE may also keep transmitting D2DSS, but it indicates that the D2DSS may not be accurate, e.g., the UE may set the hop number as the max hop number, so the other node which detected D2DSS with higher priority will not derive TX timing from this UE having an unstable access to the current eNB.
If before the exceptional cases or in the time of the exceptional cases, e.g., before T310, T311 or T301 starts running, or while T310, T311 or T301 is running, or upon T310, T311, or T301 expiry, the UE detects D2DSS transmitted from other UEs (e.g., signal strength higher than some threshold for a certain period of time or higher priority), the UE may reconfigure its D2DSS transmission accordingly, e.g., to transmit D2DSS according to the TX timing derived from which it detects D2DSS. The UE in exceptional cases may use TX timing from GPS/UTC if available and the UE may keep transmitting D2DSS. 
Before the UE stops D2DSS transmission, or reconfigures its D2DSS transmission (e.g., reconfigures D2DSS sequence or hop number), the previous D2DSS transmission has to be at least for a certain duration of time. The UE may also inform beforehand the other UEs of its stopping or reconfiguration so the other UEs can get prepared for it.    
If after the exceptional cases the UE loses network coverage or UE enters IC IDLE state, the UE will then use OOC synchronization procedure or IDLE IC UE synchronization procedure, respectively.  
If a UE reconfigures D2DSS, e.g., changing the D2DSS sequence, or changing hop number, the current D2DSS needs to be used at least for some time duration, before it can be changed, for the consideration of system stability.
Based on the above discussion, the following is proposed. 

Proposal 1: During normal operation, the CONNECTED UE can change D2DSS transmission status if it is configured by the eNB to do so. The eNB may configure the D2D UE to transmit D2DSS, to stop transmitting D2DSS, or to transmit D2DSS with a new configuration (e.g., sequence or hop number).
Proposal 2: If the UE is instructed to transmit D2DSS, there may be some cases considering UE’s states where the UE is allowed to stop transmitting D2DSS or transmit D2DSS not as the first hop from the eNB.
Proposal 3: In some cases considering UE’s states, e.g., while T310, T311 or T301 is running or upon T310, T311, or T301 expiry, the UE may stop transmitting D2DSS.

Proposal 4: In some cases considering UE’s states, e.g., while T310, T311 or T301 is running or upon T310, T311, or T301 expiry, the UE may keep transmitting D2DSS, but it may use D2DSS transmission which has lower priority in synchronization selection, or it may indicate that the D2DSS may not be reliable.

Proposal 5: In some cases considering UE’s states, e.g., while T310, T311 or T301 is running or upon T310, T311, or T301 expiry, the UE may use TX timing from GPS/UTC if available and the UE may keep transmitting D2DSS.
Proposal 6: In some cases considering UE’s states, e.g., before T310, T311 or T301 starts running, or while T310, T311 or T301 is running or upon T310, T311, or T301 expiry, the UE detects D2DSS transmitted from other UEs (e.g., signal strength higher than some threshold for a certain period of time), the UE may reconfigure its D2DSS transmission accordingly, e.g., to transmit D2DSS according to the TX timing derived from which it detects D2DSS. 
Proposal 7: If a UE reconfigures D2DSS, e.g., changing the D2DSS sequence, or changing hop number, the current D2DSS needs to be used at least for some time duration, before it can be changed, for system stability. 
3 Conclusions

This contribution discusses synchronization procedure considering CONNECTED UE in exceptional cases, such as while T310, T311 or T301 is running. In particular, the following proposals are made.

Proposal 1: During normal operation, the CONNECTED UE can change D2DSS transmission status if it is configured by the eNB to do so. The eNB may configure the D2D UE to transmit D2DSS, to stop transmitting D2DSS, or to transmit D2DSS with a new configuration (e.g., sequence or hop number).
Proposal 2: If the UE is instructed to transmit D2DSS, there may be some cases considering UE’s states where the UE is allowed to stop transmitting D2DSS or transmit D2DSS not as the first hop from the eNB.
Proposal 3: In some cases considering UE’s states, e.g., while T310, T311 or T301 is running or upon T310, T311, or T301 expiry, the UE may stop transmitting D2DSS.

Proposal 4: In some cases considering UE’s states, e.g., while T310, T311 or T301 is running or upon T310, T311, or T301 expiry, the UE may keep transmitting D2DSS, but it may use D2DSS transmission which has lower priority in synchronization selection, or it may indicate that the D2DSS may not be reliable.

Proposal 5: In some cases considering UE’s states, e.g., while T310, T311 or T301 is running or upon T310, T311, or T301 expiry, the UE may use TX timing from GPS/UTC if available and the UE may keep transmitting D2DSS.
Proposal 6: In some cases considering UE’s states, e.g., before T310, T311 or T301 starts running, or while T310, T311 or T301 is running or upon T310, T311, or T301 expiry, the UE detects D2DSS transmitted from other UEs (e.g., signal strength higher than some threshold for a certain period of time), the UE may reconfigure its D2DSS transmission accordingly, e.g., to transmit D2DSS according to the TX timing derived from which it detects D2DSS. 
Proposal 7: If a UE reconfigures D2DSS, e.g., changing the D2DSS sequence, or changing hop number, the current D2DSS needs to be used at least for some time duration, before it can be changed, for system stability. 
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