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1 Introduction

At the RAN1 #74bis meeting, the following was agreed as a working assumption regarding D2D discovery transmission timing [1]:
· Any UEs that do not have an active timing advance value (including RRC_Idle UEs in coverage if transmission of discovery signal is supported for such UEs, and out of coverage UEs that do not have an active timing advance value) use T2=0 

· FFS for UEs with an active timing advance value
Subsequently, during the RAN1 #75 meeting, the following way forward was agreed upon [2]:
· Impact on cellular system of RRC_Connected D2D UEs transmitting discovery signal based on DL reference timing is to be evaluated

· If the impact on cellular system is found to be insignificant, then the following working assumption will be made:

· For type 1 discovery

· In FDD

· RRC_Connected D2D UEs transmit discovery signal based on DL reference timing (T2 = 0). 

· In TDD 

· RRC_Connected D2D UEs transmit discovery signal based on one fixed value of T2

· If the value is not 0, the working assumption for RRC_idle TDD UEs will be revisited for consistency
In this contribution, we focus on within network coverage scenarios and present our views on the remaining aspects of timing offset application (value of T2) for RRC_CONNECTED and RRC_IDLE UEs in FDD and TDD systems for both D2D discovery and communication.
2 Transmission timing for D2D discovery within NW coverage
As was agreed in [3], the D2DSS transmitted by the eNB shall be the Rel-8 PSS/SSS. Further, with respect to transmission timing, [3] states:
In cases when at least one D2DSS is received by the D2D UE, which is always the case at least within NW coverage:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.

· T1 is the reception timing of the D2DSS
· T2 is an offset which is positive, negative, or zero
2.1 Transmission timing in FDD systems
For UEs with an active timing advance value, the following options may be considered:
· Option A. T2 = 0 (UE transmits D2D discovery signals according to DL reference time, as for the case of UEs without an active timing advance value)
· Option B. T2 = TA value (UE transmits D2D discovery signals according to UL time, at least for FDD systems)

· Option C. T2 = TA/2 (UE transmits D2D discovery signals according to [DL time + UL time]/2, at least for FDD systems)

Assuming only RRC_CONNECTED D2D UEs transmit D2D discovery signals (e.g., on Type 2B discovery resources), Option B is more preferable from eNodeB perspective, since D2D transmission will be time aligned at the eNodeB side with cellular transmissions and thus reduced interference can be expected, especially if cellular and D2D resources are multiplexed in frequency. On the other hand, considering the same assumption of transmissions only from RRC_CONNECTED D2D UEs as before, for reception of the D2D signals from multiple transmitters, Option C (when all D2D terminals transmit synchronously) is more preferable from D2D discovery signal reception perspective since it substantially reduces variance of time of arrival (ToA) difference from multiple transmitters. The effect of different strategies for D2D transmit timing is illustrated in Figure 1 where difference of ToA for two strongest D2D transmitters is considered at the D2D receiver and eNodeB sides, respectively. The uniform user drop scenario of layout Option 5 was used to illustrate the effect of different strategies for D2D timing.
	Option A. T2 = 0
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eNodeB RX side

	Option B. T2 = TA
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	Option C. T2 = TA/2
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Figure 1: On D2D transmit timing and time of arrival/pathgain difference for two strongest TXs
For Type 1 discovery:

D2D UEs with an active timing advance value may transmit discovery signals following Type 1 or Type 2B discovery procedure. Consider transmission of discovery signals within the Type 1 D2D Discovery Zone (DZ), i.e., resources configured by Type 1 discovery resource allocation. In this region, UEs that do not have an active timing advance value (e.g., RRC_IDLE D2D UEs) may transmit using T2 = 0. 
Hence, in any case, the discovery signal transmissions within the Type 1 D2D DZ may not be expected to be aligned at the eNB receiver. Further, given that the number of RRC_CONNECTED D2D UEs transmitting on Type 1 discovery resources can be expected to be considerably less than the number of RRC_IDLE D2D UEs, mandating the RRC_CONNECTED D2D UEs to transmit using T2 = TA value will have negligible benefit in terms of reducing the spread of the ToA difference of signals at the eNB receiver. On the contrary, considering the coexistence with transmissions from UEs without an active TA value with T2 = 0, it would be much more beneficial in terms of minimizing the spread of ToA difference of discovery signals at the D2D receivers to have the RRC_CONNECTED D2D UEs also transmit with T2 = 0. 
For Type 2B discovery:

For Type 2B discovery procedure, it is proposed that Type 2B discovery is supported for D2D UEs that are in RRC_CONNECTED mode [4]. While RRC_IDLE D2D UEs are expected to monitor the Type 2B D2D DZ for discovery signal transmissions, they may not transmit in that region. Hence, for transmissions within the Type 2B D2D DZ, Option C can effectively minimize the variance of time of arrival of discovery signals at UE receivers as all UEs transmitting on these resources would have an active TA value. 
Note that the case of potential overlap of discovery signals and UL WAN transmissions that may immediately follow the Type 2B D2D DZ would need to be addressed for Option C for RRC_CONNECTED UEs. Few options to address this are listed below:

i. Use the SRS structure in the last symbol of the discovery subframe and puncture the second half of the symbol [5].

ii. Via implementation: For Type 2B D2D DZ, eNB may avoid scheduling UEs that transmit in the last discovery subframe of the Type 2B D2D DZ in the subframe immediately following the Type 2B D2D DZ.
On the other hand, if minimizing the spread of ToA difference of signals at the eNB receiver is desired, then RRC_CONNECTED D2D UEs should transmit on Type 2B discovery resources using T2 = TA. This can be especially relevant if frequency multiplexing of UL cellular and D2D resources is considered at the system level. Further, the issue of potential overlap of discovery signals on Type 2B resources and UL WAN transmissions can be avoided for this option.
Based on the above discussion, it is proposed that 

Proposal 1: For FDD system deployments:

· For Type 1 discovery:

· RRC_CONNECTED D2D UEs transmit discovery signals using T2 = 0
· For Type 2B discovery:

·  RRC_CONNECTED D2D UEs transmit discovery signals either using T2 = TA/2 in order to optimize Type 2B discovery performance or using T2 = TA in order to minimize the impact to cellular system.
2.2 Transmission timing in TDD systems
For TDD systems, the UL timing comprises of the timing advance value and an offset value NTAoffset = 624Ts that corresponds to the Tx-Rx switching time. Following the current working assumption of T2 = 0 for UEs without an active timing advance value and the discussion presented above for FDD systems, UEs having an active timing advance value should transmit with T2 = 0 (Option A) for transmissions on Type 1 discovery resources and with T2 = TA/2 (Option C) or T2 = TA (Option B) for transmissions on Type 2B discovery resources, respectively. 
However, next we revisit the working assumption of T2 = 0 for UEs without an active timing advance in TDD systems. For T2 = 0, the Tx-Rx switching time would need to be factored into the last symbol of (at least) the last subframe of the D2D DZ. This makes part of the last symbol unusable [7]. However, if UEs without an active timing advance value apply an offset of T2 = 624Ts, then entire last symbol may be usable in TDD systems as long as there are no UL subframes immediately following the D2D DZ. Note that T2 = 624Ts does not lead to any issue at the starting boundary of the D2D DZ because, if the preceding WAN subframe is an UL subframe, then this offset is already accounted for in NTAoffset = 624Ts applied to UL transmissions, while in case if the preceding WAN subframe is a special subframe, then it already incorporates this offset. 
Additionally, the application of T2 = 624Ts for RRC_IDLE UEs and RRC_CONNECTED UEs on Type 1 discovery resources help reduce the impact on TDD cellular system in terms of ToA difference of signals at the eNB side compared to the choice of T2 = 0 since UL WAN transmissions in TDD systems are transmitted with T2 = 624Ts + TA. 
Further, considering the different TDD UL-DL configurations and the fact that the size of an individual discovery resource can be expected to comprise of at least 2~4 PRB-pairs that would benefit from a multi-subframe mapping [6], the inherent guard times available in the TDD frame structure can be utilized to handle any Tx-Rx switching time within consecutive D2D discovery subframes, thereby avoiding the necessity for additional guard times within D2D subframes to handle Tx-Rx switching. This can be realized easily by ensuring that UL subframes do not immediately follow D2D discovery subframes and that a maximum of one discovery resource (in the time dimension) spans each set of contiguous UL subframes for the different TDD subframe configurations.
Based on the above discussion, we propose the following:
Proposal 2: For TDD system deployments:

· For Type 1 discovery:

· Revise the current working assumption that RRC_IDLE and RRC_CONNECTED D2D UEs transmit discovery signals using T2 = NTAoffset (where NTAoffset =624Ts).

· For Type 2B discovery:

· RRC_CONNECTED D2D UEs transmit discovery signals using T2 = NTAoffset + TA/2 in order to optimize Type 2B discovery performance or using T2 = NTAoffset + TA in order to minimize the impact to cellular system.
3 Transmission Timing for D2D Communication

An important aspect that needs to be discussed with regard to D2D communication is whether RRC_IDLE UEs should be allowed to participate in D2D direct communication inside network coverage. Depending on the decision on this matter, similar arguments as detailed in Section 2 can be applied to determine the value of T2 to be used for transmission of D2D communication packets. 

Specifically, if RRC_IDLE D2D UEs are allowed to participate in D2D data communication when inside network coverage, then both RRC_IDLE and RRC_CONNECTED D2D UEs should transmit using T2 = 0 for FDD systems and T2 = 624Ts for TDD systems. 

On the other hand, if only RRC_CONNECTED D2D UEs are allowed to participate in D2D data communication when inside network coverage, then these RRC_CONNECTED D2D UEs should transmit using T2 = TA/2 (to minimize the spread of the time of arrival of D2D packets at the D2D receivers) or using T2 = TA (to minimize the impact to cellular system) in FDD systems and with an additional offset of NTAoffset =624Ts to the above for TDD systems.

Proposal 3: 
· If RRC_IDLE D2D UEs are allowed to participate in D2D direct communication when within network coverage

· Both RRC_IDLE and RRC_CONNECTED UEs transmit using T2 = 0 for FDD systems and using T2 = 624Ts for TDD systems.
· If RRC_IDLE D2D UEs are NOT allowed to participate in D2D direct communication when within network coverage

· For FDD systems:

· RRC_CONNECTED D2D UEs transmit using T2 = TA/2 (to minimize impact spread of ToA difference of D2D packets at D2D receivers) or using T2 = TA (to minimize impact to cellular system).
· For TDD systems:

· RRC_CONNECTED D2D UEs transmit using T2 = NTAoffset +TA/2 (to minimize impact spread of ToA difference of D2D packets at D2D receivers) or using T2 = NTAoffset +TA (to minimize impact to cellular system), where NTAoffset =624Ts.
4 Conclusion
In this contribution, we presented our views on the remaining aspects of timing offset application (value of T2) in FDD and TDD systems for D2D discovery and communication. 
Based on the discussions presented in this contribution, our proposals are summarized below:
Proposal 1: For FDD system deployments:

· For Type 1 discovery:

· RRC_CONNECTED D2D UEs transmit discovery signals using T2 = 0

· For Type 2B discovery:

·  RRC_CONNECTED D2D UEs transmit discovery signals either using T2 = TA/2 in order to optimize Type 2B discovery performance or using T2 = TA in order to minimize the impact to cellular system.
Proposal 2: For TDD system deployments:

· For Type 1 discovery:

· Revise the current working assumption that RRC_IDLE and RRC_CONNECTED D2D UEs transmit discovery signals using T2 = NTAoffset (where NTAoffset =624Ts).

· For Type 2B discovery:

· RRC_CONNECTED D2D UEs transmit discovery signals using T2 = NTAoffset + TA/2 in order to optimize Type 2B discovery performance or using T2 = NTAoffset + TA in order to minimize the impact to cellular system.
Proposal 3: 
· If RRC_IDLE D2D UEs are allowed to participate in D2D direct communication when within network coverage

· Both RRC_IDLE and RRC_CONNECTED UEs transmit using T2 = 0 for FDD systems and using T2 = 624Ts for TDD systems.
· If RRC_IDLE D2D UEs are NOT allowed to participate in D2D direct communication when within network coverage

· For FDD systems:

· RRC_CONNECTED D2D UEs transmit using T2 = TA/2 (to minimize impact spread of ToA difference of D2D packets at D2D receivers) or using T2 = TA (to minimize impact to cellular system).

· For TDD systems:

· RRC_CONNECTED D2D UEs transmit using T2 = NTAoffset +TA/2 (to minimize impact spread of ToA difference of D2D packets at D2D receivers) or using T2 = NTAoffset +TA (to minimize impact to cellular system), where NTAoffset =624Ts.
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