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1 Introduction

In RAN1 #77, the agreements on transmission timing of D2D communication for in-coverage UEs have been made as follows [1].
	Agreements in RAN1 #77:
· 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


At least for Mode 1 communication, it was agreed that data transmission timing follows UL timing to avoid ICI to eNB reception for UL WAN. In order to inform D2D receiving UEs of TA applied for data transmission, a D2D transmitting UE needs to include TA information in SA corresponding to the data. In RAN1 #77, due to the lack of consensus regarding the granularity of TA, email discussion [77-18] has been assigned, and there have been numerous discussions on this issue. Among several options certainly narrowed down in the email discussion, we are supporting an option, where TA is conveyed via SA with its size of 6 bits and its granularity is configurable by SIB, providing better performance in D2D or UL WAN reception compared to use of the TA value fixed to half of CP length. If adjacent cells have different cell size, they may need to set different TA granularity for optimization in D2D or UL WAN reception. In this case, if a cell-edge UE decodes D2D data transmitted from a cell-edge UE in an adjacent cell, the UE may not decode it correctly due to misinterpretation of TA with different TA granularity. Also, there were some arguments on definition of UL timing used for D2D data transmission in the perspective of for which performance is more important between UL WAN and D2D receptions, and a problem that TA may be updated between SA and data transmission due to reception of TA command provided by eNB or UE’s autonomous update w.r.t. change of DL timing was raised. We will further discuss those issues and suggest several proposals in the following section.
For Mode 2 communication and for in-coverage UEs, data transmission timing has not been decided so far, but it needs to be resolved in this meeting to finalize the WI on time. Our suggestion will be provided on this issue in the performance optimization perspective.
2 Transmission Timing for Mode 1 Communication
For Mode 1 communication, UL timing is used for data transmission timing to protect eNB reception for UL WAN, and the TA value corresponding to the UL timing needs to be forwarded to a D2D receiving UE. Through the email discussion [77-18], there have been a number of suggestions on how to forward it and which granularity to use for it. One of the majority view was that it has the size of 6 bits and is signalled via SA. Since the SA needs to transmit several types of scheduling information under its limited size, the TA granularity is hardly comparable to that given for WAN as 16Ts. In other words, 6-bit TA is not enough to cover cell size up to 100 km if its granularity is set to 16Ts. For the cell coverage up to 100 km, the TA granularity needs to be configured depending on the cell size if its size is limited by 6 bits. For the performance and less computational complexity to tune the starting position of receiving FFT window for D2D data reception, or for the performance of UL WAN reception, the TA granularity should be as small as possible given cell coverage. In our view, one option suggested in the email discussion [77-18], which supports four granularity values such as 16Ts, 1/2NCP, 1/2ECP, and 3/4ECP, seems a good compromise to optimize in terms of cell coverage and performance.
Proposal 1:
· For Mode 1 communication, a D2D transmitting UE signals TA used for data transmission timing in SA with its size of 6 bits and its granularity configured by SIB.
Meanwhile, two adjacent cells may have different cell coverage, so it may be suitable to have different TA granularity for each cell to optimize the performance for D2D data reception or UL WAN reception. In this case, if an in-coverage UE tries to decode SA and data transmitted from another in-coverage UE in the adjacent cell, then the receiving in-coverage UE may fail to decode data due to discrepant interpretation on TA applied for data transmission. As well, a partial-coverage UE, which can decode SA transmitted from an in-coverage UE, for data reception, also needs to have the TA granularity value used by the in-coverage UE. Even if the partial-coverage UE can decode SIB, the TA granularity applied by the transmitting in-coverage UE may be different from that given in the SIB since its serving cell may not be the cell providing the SIB. In order to resolve this problem, the TA granularity needs to be aligned across cells, or a transmitting in-coverage UE needs to signal which TA granularity is applied via SA. The former is simple but may entail the performance loss in D2D data reception or UL WAN reception while the latter requires use of additional bit(s) in SA. If the four granularity values above are used, then a single bit is enough to indicate which TA granularity is used since it is expected to use the same CP length across cells according to the email discussion [77-20] regarding RRC parameter for D2D, and to signal the CP length in SIB or PD2DSCH. For instance, the TA granularity value in SA for normal CP is configured to 16Ts or 1/2NCP, and that for extended CP is configured to 1/2ECP or 3/4ECP.
Proposal 2:
· For Mode 1 communication, in order of a D2D receiving UE to exactly have TA granularity assumed by a D2D transmitting UE, 
· Alt. 1: the TA granularity is aligned across cell.
· Alt. 2: the TA granularity is signalled in SA.
Actually, there has been no consensus on the exact definition of UL timing applied for data transmission. In the email discussion [77-18], it was discussed that two kinds of definition can be taken into account. One is to apply PUSCH transmission timing while TA signalled in SA is selected as the closest value to the PUSCH transmission timing. The other is to apply DL timing plus TA, which is selected as the closest value to the PUSCH transmission timing and is signalled in SA, instead of the PUSCH transmission timing. The latter is helpful to decode data with the same start position of receiving FFT window used in SA decoding, but it causes ICI to UL WAN reception at eNB. If CP length of D2D data and UL WAN is different, ICI is inherently generated, which can be alleviated somewhat by introducing power control or guard band. Therefore, it would be better to apply TA signalled in SA itself for data transmission if CP length of D2D data and UL WAN is different. Otherwise, PUSCH transmission timing is applied to protect eNB reception for UL WAN from ICI just in case at least power control or guard band is not employed.
Proposal 3:
· For Mode 1 communication, if CP length of D2D data is the same as that of UL WAN, then UL timing applied for data transmission is identical to PUSCH transmission timing, and TA signalled in SA is selected as the closest value to PUSCH transmission timing. Otherwise, UL timing is given by DL timing plus TA, which is selected as the closest value to PUSCH transmission timing and is signalled in SA.
An additional issue is which TA needs to be used for data transmission by a D2D transmitting UE when TA is updated between SA and data transmission due to reception of a new TA command or UE’s autonomous update. Since this event seems to rarely happens, it would be better to simply apply the latest TA, at worst, which degrades the performance of data reception only corresponding to the SA signalling the outdated TA.

Proposal 4:

· For Mode 1 communication, a D2D transmitting UE applies the latest TA, which may be updated by either TA command or UE’s autonomous update, for UL timing.
3 Transmission Timing for Mode 2 Communication
For Mode 2 communication, a D2D transmitting UE can be either in RRC_CONNECTED or RRC_IDLE state. Since the RRC_IDLE UE in does not have TA, it cannot apply UL timing for D2D data transmission while inevitably accepting performance degradation in eNB reception for UL WAN due to ICI. Thus, we are in favor of applying different transmission timing depending on D2D transmitting UE’s RRC state; DL timing and UL timing are applied for RRC_IDLE UE and RRC_CONNECTED UE, respectively. Since a D2D transmitting UE in RRC_CONNECTED state uses UL timing for data transmission, it needs to signal TA in SA in the same manner as for Mode 1 communication. For a D2D transmitting UE in RRC_CONNECTED state, additionally, the definition of UL timing applied for D2D data transmission and the UE behavior on TA update between SA and data transmission for Mode 2 communication can be applied with the same rationale provided in the previous section.

Proposal 5:

· For Mode 2 communication, D2D transmitting UEs in RRC_CONNECTED and RRC_IDLE states use UL timing and DL timing, respectively, for data transmission.
Proposal 6:
· For Mode 2 communication, a D2D transmitting UE in RRC_CONNECTED state signals TA used for data transmission timing in SA with its size of 6 bits and its granularity configured by SIB.
Proposal 7:
· For Mode 2 communication, if CP length of D2D data is the same as that of UL WAN, then UL timing applied for data transmission is identical to PUSCH transmission timing, and TA signalled in SA is selected as the closest value to PUSCH transmission timing. Otherwise, UL timing is given by DL timing plus TA, which is selected as the closest value to PUSCH transmission timing and is signalled in SA.
Proposal 8:
· For Mode 2 communication, a D2D transmitting UE in RRC_CONNECTED state applies the latest TA, which may be updated by either TA command or UE’s autonomous update, for UL timing.
Since a partial-coverage or out-of-coverage UE may decode SA and data from an in-coverage UE in RRC_CONNECTED state, the partial-coverage or out-of-coverage UE needs to have knowledge on TA granularity used by the in-coverage UE. The information on TA granularity can be signalled in SA itself along with a TA value or in PD2DSCH. If the SA may not have enough signalling bit size, it would be suitable to use PD2DSCH. As observed in case of Mode 1 communication, however, if adjacent cells may have different TA granularity values, and a partial-coverage or out-of-coverage UE may decode SAs from two in-coverage UEs serving those different cells, and PD2DSCH is not transmitted by all the in-coverage UEs around cell-edge, then the partial-coverage or out-of-coverage UE may have uncertainty on which TA granularity is applied by the in-coverage UE, since information on linkage between the in-coverage UE and the SIB/PD2DSCH is not provided in neither SA nor PD2DSCH. Thus, it would be attractive to signal a TA granularity value in SA for better performance in D2D data reception. If it is not possible due to the lack of SA message size, then PD2DSCH can be used to signal the TA granularity value at the cost of performance loss in D2D data reception.
Proposal 9:

· For Mode 2 communication, a D2D transmitting UE signals a TA granularity value
· Alt. 1: in SA.
· Alt. 2: in PD2DSCH.
Proposal 10:
· For Mode 2 communication, a D2D transmitting in-coverage UE in RRC_IDLE state sets a TA value by 0, which implies that DL timing is used for data transmission.
4 Conclusions
In this contribution, we have discussed several issues on transmission timing of D2D data for in-coverage UEs for both Mode 1 and 2 communication. From the discussion, we suggest the following proposals.
Proposal 1:
· For Mode 1 communication, a D2D transmitting UE signals TA used for data transmission timing in SA with its size of 6 bits and its granularity configured by SIB.
Proposal 2:
· For Mode 1 communication, in order of a D2D receiving UE to exactly have TA granularity assumed by a D2D transmitting UE, 
· Alt. 1: the TA granularity is aligned across cell.

· Alt. 2: the TA granularity is signalled in SA.
Proposal 3:

· For Mode 1 communication, if CP length of D2D data is the same as that of UL WAN, then UL timing applied for data transmission is identical to PUSCH transmission timing, and TA signalled in SA is selected as the closest value to PUSCH transmission timing. Otherwise, UL timing is given by DL timing plus TA, which is selected as the closest value to PUSCH transmission timing and is signalled in SA.
Proposal 4:

· For Mode 1 communication, a D2D transmitting UE applies the latest TA, which may be updated by either TA command or UE’s autonomous update, for UL timing.
Proposal 5:

· For Mode 2 communication, D2D transmitting UEs in RRC_CONNECTED and RRC_IDLE states use UL timing and DL timing, respectively, for data transmission.
Proposal 6:
· For Mode 2 communication, a D2D transmitting UE in RRC_CONNECTED state signals TA used for data transmission timing in SA with its size of 6 bits and its granularity configured by SIB.

Proposal 7:
· For Mode 2 communication, if CP length of D2D data is the same as that of UL WAN, then UL timing applied for data transmission is identical to PUSCH transmission timing, and TA signalled in SA is selected as the closest value to PUSCH transmission timing. Otherwise, UL timing is given by DL timing plus TA, which is selected as the closest value to PUSCH transmission timing and is signalled in SA.
Proposal 8:
· For Mode 2 communication, a D2D transmitting UE in RRC_CONNECTED state applies the latest TA, which may be updated by either TA command or UE’s autonomous update, for UL timing.
Proposal 9:

· For Mode 2 communication, a D2D transmitting UE signals a TA granularity value

· Alt. 1: in SA.
· Alt. 2: in PD2DSCH.
Proposal 10:
· For Mode 2 communication, a D2D transmitting in-coverage UE in RRC_IDLE state sets a TA value by 0, which implies that DL timing is used for data transmission.
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