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1
Introduction

During RAN1#77 and RAN1#78 further progress was made on the transmission timing that is used for ProSe device-to-device broadcast communication and discovery.  There was the following agreement at RAN1#78 [1]:

· Mode 1 D2D timing is always the same as the WAN PUSCH timing

There were also the following agreements at RAN1#77 [2]:

· For in-coverage UEs

· SA uses DL Timing

· For Mode 1, Data timing uses UL Timing

· For Mode 2, FFS: Data uses DL Timing or UL Timing
· DL timing := T2 = 0 (FDD) and T2 = 624TS (TDD)

· UL Timing  := TA + DL timing
· For in coverage UEs,  with the possible exception of Type 2B discovery, D2DSS and PD2DSCH use downlink timing

· FFS for type 2B discovery
In addition there were some working assumptions made which are contained in TR 36.843 and are reproduced here:

Working assumption: Any UEs that do not have an active timing advance value use T2=0 for FDD and T2 = 624Ts for TDD. Such UEs include: 

-
RRC_IDLE UEs in-coverage (if transmission of discovery signal is supported for such UEs)
-
Out-of-coverage and edge-of-coverage UEs that do not have an active timing advance (TA) value.
Working assumption: For Type 1 discovery: 
-
For FDD, RRC_CONNECTED UEs transmit their discovery signal using T2 = 0.

-
For TDD, RRC_CONNECTED UEs transmit their discovery signal using T2 = 624Ts.

-
FFS possible solutions to address overlap between uplink WAN and discovery signals.

Working assumption: For RRC_CONNECTED UEs that transmit Type 2B discovery:

-
If RRC_IDLE UEs are not able to transmit Type 2B discovery, the value of T2 is FFS between: 

-
T2 = TA for FDD and T2 = 624Ts +TA for TDD.

-
T2 = 0 for FDD and T2 = 624Ts for TDD.

-
If RRC_IDLE UEs are able to transmit Type 2B discovery, the value of T2 is T2 = 0 for FDD and T2 = 624Ts for TDD.
This contribution considers the remaining issues on transmission timing in order to resolve the FFSs in the above agreements. 
2
Discussion
2.1 Summary of the agreements and working assumptions
In order to make what has been agreed more obvious, the agreements and working assumptions on transmission timing for in-coverage UEs are summarised in Table 1.
Table 1 – Summary of agreements/working assumptions on transmission timing for in-coverage UEs
	Channel type
	Agreements
	Agreed FFS
	Working assumptions

	D2DSS: Type 2b
	
	DL or UL
	

	D2DSS: Comms and Type 1 discovery
	DL
	
	

	SA
	DL
	
	

	Data: Mode 1
	UL
	
	

	Data: Mode 2
	
	DL or UL
	

	Discovery Type 1 (with active TA)
	
	
	DL

	Discovery Type 1 (without active TA)
	
	
	DL

	Discovery Type 2b
	
	
	DL or UL


Note that an agreement at RAN2 has led to a simplification of one of the working assumptions in section 1.  This RAN2 agreement is as follows [4]:

In case of Type 2B, only an RRC Connected UE may request resources for transmission of D2D discovery messages from the eNB via RRC and the eNB assigns these resources via RRC. As baseline, UE releases the transmission resources the latest when the UE enters IDLE or when the eNB withdraws the resource by RRC signalling.
Therefore it is not possible for an RRC_IDLE UE to transmit Type 2b discovery messages and so the third working assumption in section 1 reduces to a statement that it is FFS whether a UE uses uplink or downlink timing for Type 2b.
Note that the definition of uplink and downlink timing has already been agreed [2].  Downlink timing is defined as T2 = 0 for FDD and T2 = 624TS for TDD and uplink timing is defined as the sum of the downlink timing and the timing advance.  It is this definition that is used throughout this document.
Hence there are three FFSs remaining if it is assumed that the working assumptions are confirmed as agreements.  Each of these FFS is discussed in the following subsections.  There then follows a subsection which confirms the working assumptions for Type 1 discovery and finally another subsection which confirms the working assumption for out-of-coverage UEs and other UEs which do not have active timing advance.
2.2 Type 2b Discovery and D2DSS
In this subsection the timing for the Type 2b message and its associated D2DSS are discussed.  Note that it was agreed to use downlink timing for D2DSS and PD2DSCH with the possible exception of Type 2b discovery which was left as FFS.

The timing of the Discovery message and the D2DSS need to be considered together because they affect each other.  The combinations of timing that could be used for the Type 2b D2DSS and the Discovery message are shown in Table 2.  
Table 2 – Combinations of timing for Type 2b Discovery and D2DSS
	Option
	D2DSS timing
	Discovery message timing
	Comment

	1
	DL
	UL
	Not all Idle UEs would receive the Discovery message

	2
	UL
	UL
	Works for all UEs (but added complexity)

	3
	DL
	DL
	Works for all UEs

	4
	UL
	DL
	This option can be ruled out


Option 1

As has been pointed out in previous contributions, the use of option 1 would mean that some UEs in RRC_IDLE would not receive the Type 2b Discovery message since they do not have an active value of timing advance.  This situation has been avoided for Mode 1 broadcast communication because the SA can be used to convey the timing advance to any receivers.  Using multiple pools, for example combining option 1 with option 3 would not help since a transmitting UE will only send one Type 2b Discovery message and that transmitting UE would want to be discovered by all receivers, therefore it could never use the pool associated with option 1.
Option 2

If option 2 is selected then the D2DSS is used to convey the transmitter’s UL timing.  This option would work for all UEs and would also remove the potential interference to the cellular network from the Type 2b Discovery message.  However there is the large disadvantage of increased complexity.  The receiver would need to be able to distinguish between Type 1 and Type 2b synchronisation sources.  In some cells both Type 1 and Type 2b Discovery will be enabled and therefore any receiving UE must know what type of D2DSS the transmitting UE is sending.  If the receiver is relying on the D2DSS in order to derive the UL timing then it may be necessary for every UE that is transmitting a Type 2b message to also transmit D2DSS since every UE could have a unique timing advance value.

Option 3

Option 3 will also work for all UEs and avoids the additional complexity that would be introduced by using option 2. There is also the advantage of having a common synchronisation for all D2D Discovery and possibly for broadcast communication too.  There is potentially added interference to the cellular network which would result from not using uplink timing.  However this has already been mitigated by specifying that there be a one symbol gap at the end of the subframe and by the use of open loop power control.
Option 4

This option does not make sense since the main reason for using UL timing with the D2DSS is to convey the transmitter’s timing to be used for the Discovery message.  This option suffers the disadvantages of both option 2 and option 3.

Hence, for the reasons outlined above it is proposed that both the Type 2b Discovery D2DSS and the Type 2b Discovery message should use downlink timing. Therefore these two proposals are made.
Proposal 1: All in-coverage UEs should use downlink timing for D2DSS and PD2DSCH.
Proposal 2: All in-coverage UEs should use downlink timing for Type 2b discovery messages.

2.3
Data for Mode 2 broadcast communication (in-coverage)
The final FFS from Table 1 is to decide whether to use downlink timing or uplink timing for Mode 2 data. There has been an agreement at RAN2 that idle UEs with no active timing advance may use Mode 2 resources for D2D communication [5]:
The eNB may provide in SIB a mode 2 resource allocation transmission resource pool that authorised UEs may use while in IDLE.

Therefore at least some UEs using Mode 2 communication will have to use downlink timing for transmission.  If the RRC_Connected UEs with active timing advance do use UL timing then it will be necessary to use separate pools in different subframes for the idle and connected UEs.  In order to avoid this extra use of resources and to simplify the solution it is proposed that all UEs should use downlink timing for Mode 2 broadcast communication.  This will potentially result in interference to the cellular network but this problem has been mitigated by specifying that there be a one symbol gap at the end of the subframe and by the use of open loop power control.
Proposal 3: All in-coverage UEs should use downlink timing for Mode 2 broadcast communication.
2.4
Confirmation of working assumptions
The final category of in-coverage UEs which are not yet covered by a specific agreement consists of those UEs which are using Type 1 discovery.  This includes UEs which do have an active timing advance and also those that don’t.  Although there is no agreement, the first and second working assumptions in section 1 taken together imply that all in-coverage UEs use downlink timing for Mode 1 discovery.  These two assumptions can be confirmed with the following proposal:
Proposal 4: All in-coverage UEs should use downlink timing for Type 1 discovery messages.
2.5
Timing for out-of-coverage UEs and other UEs without TA.
In the case of out-of-coverage UEs and other UEs which do not have active timing advance then the first working assumption in section 1 can be confirmed with the slightly re-worded proposal as shown below.  Note that the qualification that RRC_IDLE UEs in-coverage can only send Discovery messages if such behaviour is supported has been removed.  This is because RAN2 have already made agreements that mean it is possible for UEs in RRC_IDLE to transmit Discovery messages.
Proposal 5: Any UEs that do not have an active timing advance value use T2=0 for FDD and T2 = 624Ts for TDD. Such UEs include: 

-
RRC_IDLE in-coverage UEs
-
Out-of-coverage UEs that do not have an active timing advance (TA) value.
3
Conclusion 
This contribution has addressed some of the remaining FFS issues in the agreements and working assumptions for UE transmission timing.  Taking the proposals in this document combined with the current agreements covers all possible cases of what transmission timing the UE should use. 
In conclusion the following proposals are made:
Proposal 1: All in-coverage UEs should use downlink timing for D2DSS and PD2DSCH.
Proposal 2: All in-coverage UEs should use downlink timing for Type 2b discovery messages.

Proposal 3: All in-coverage UEs should use downlink timing for Mode 2 broadcast communication.

Proposal 4: All in-coverage UEs should use downlink timing for Type 1 discovery messages.

Proposal 5: Any UEs that do not have an active timing advance value use T2=0 for FDD and T2 = 624Ts for TDD. Such UEs include: 

-
RRC_IDLE in-coverage UEs
-
Out-of-coverage UEs that do not have an active timing advance (TA) value.
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