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1 Introduction
There are several opens related to D2D transmission timing that need to be discussed and closed to enable D2D communication in LTE Rel.12:

· The D2D transmission timing for Mode-2 D2D data transmission.

· The SA timing advance command for Mode-1 D2D communication.

In this contribution, we provide our views on the remaining open aspects of the transmission timing for D2D communication.
2  Overview of Current D2D TX Timing Agreements

According to current RAN1 WG agreements, a UE begins to transmit a D2D signal at the time instance of T1-T2, where 
· T1 is the reception timing of the synchronization reference (e.g. eNodeB)
· T2 is an offset which is positive, negative, or zero.
Table 1 provides the status of current RAN1 WG agreements on D2D transmission timing. As it can be see the timing for D2D data transmission in Mode-2 is not defined.
Table 1. D2D Transmission Timing.
	Transmission Type
	Mode-1 SA
	Mode-1 Data
	Mode-2 SA
	Mode-2 Data

	Transmission Timing
	DL Timing
	UL Timing
	DL Timing
	Unspecified (?)


Notes: DL timing = T2 = 0 (FDD) and T2 = 624 TS (TDD); UL Timing = TA + DL timing.
Observation 1
· Mode-2 data transmission timing needs to be decided by RAN1 WG.

Another aspect that may need additional consideration is D2D reception timing adjustment signaled in SA for Mode-1 communication. According to the current RAN1 WG agreement, 6 bits are used to indicate D2D reception timing adjustment in SA (at least for Mode-1), giving values of TA spaced at intervals corresponding to the extended CP length with a cell radius of 100km. This agreement may need further considerations, since it can be seen that granularity of the extended CP (ECP) lengths (512 Ts = 5 km) may be too coarse for most practical deployments with cell sizes that are reasonably small. However with 6 bits TA quantization, only ECP granularity can be used to support large cell sizes of up to 100 km that were tasked and considered by public safety community.
Observation 2
· For Mode-1 communication, the D2D reception timing adjustment signaled in SA is too coarse for majority of the typical LTE deployments.
3  On Mode-2 D2D Transmission Timing

In general, both RRC_IDLE and RRC_CONNECTED UEs can participate in Mode-2 D2D communication. The RRC_IDLE UEs do not have a valid timing advance relative to the camping cell and thus can estimate only DL timing (reception timing of DL synchronization/reference signals). On the other hand, the RRC_CONNECTED UEs have notion of the DL timing and UL timing, since those are aware about timing advance towards the serving cell/eNB.
The both RRC_CONNECTED and RRC_IDLE UEs can estimate DL timing and thus DL timing can be recommended for Mode-2 D2D communication. It should be noted that DL timing is UE specific, since it depends on the propagation delay between reference eNB and UE and measurement error. It means that D2D communication in Mode-2 is not fully synchronous (even if eNBs are ideally synchronized) and therefore transmit timing statistics across UEs (D2D TXs) characterized by some standard deviation [1]. In general, the RRC_CONNECTED UEs can use the UL timing, however if both RRC_CONNECTED and RRC_IDLE UEs will transmit in the same pool, the standard deviation of the received timing difference at the UE receiver is likely to increase. Therefore if there is no intention to use Mode-2 for RRC_CONNECTED UEs only, the DL timing can be considered as a more appropriate design choice. The usage of UL timing may be reasonable only if Mode-2 pool is allocated for RRC_CONNECTED UEs only. In latter case, it may be even more advantageous to use DL Timing – TA/2, so that all D2D UEs transmit synchronously [1].
Observation 3
· RRC_IDLE and RRC_CONNECTED UEs can estimate DL timing. In addition, RRC_CONNECTED UEs can derive UL timing, however this information is missed at RRC_IDLE UEs.

· If Mode-2 communication is to be used by RRC_IDLE and RRC_CONNECTED UEs the usage of DL timing can be recommended to reduce time of arrival variability at the D2D receiver.

Proposal 1
· DL timing is used for Mode-2 communication (SA and Data) by RRC_IDLE and RRC_CONNECTED UEs.
4  On TA Field in SA
As it was briefly discussed in section 2, the granularity of the D2D reception timing adjustment (TA field: ECP = 512 Ts = 5km) signaled in Mode-1 SA is too coarse for majority of the typical LTE deployments. It means that for typical LTE deployments with cell radius less than 2.5 km, this signaling in SA is not needed, since anyway all 6 bits are set to 0 by D2D TX.

Respecting current RAN1 WG agreement on 6 bit TA signaling in SA, we suggest to introduce new interpretation of the TA field. It should be noted that alternative option such as increased number of bits (e.g. 11bits = ceil{log2[2*100e3/(16Ts*3e8)]}) and reduced granularity can help to cover cell deployments with 100km radius. However, if RAN1 WG agrees to increase the amount of bits in SA, it is also clear that large part of MSBs (i.e. 6 bits) will be always set to 0 in typical LTE deployments (< 2.5 km). Therefore in order to efficiently utilize 6 bits in SA, it may be considered to define new interpretation of the D2D reception timing adjustment field carried in SA and introduce additional deployment specific signaling in SIB.

In our view, the interpretation of TA field in SA should be dependent on maximum cell radius (deployment specific parameter) and distance of D2D TX relative to the serving eNB. Therefore we have following proposals:

1) Introduce 1 bit signalling in SIB, indicating the maximum (typical) cell radius (0 => 10 km, 1 => 100 km) or maximum corresponding timing adjustment value (0 => 66.6 us, 1 => 666.6 us).
2) Use 2 MSBs in the TA field in SA to indicate one of the 4 timing adjustment segments in logarithmic scale and corresponding time adjustment offset.
a. The segments itself can be predetermined by specification according to the maximum cell radius (timing adjustment) signalled in SIB and have predefined timing adjustment granularity:
i. Max cell radius < 10km, e.g. one bit SIB deployment specific signaling = 0; 
Segments {0-1.25; 1.25-2.5; 2.5-5; 5-10} km <=> Granularity {16; 16; 32; 64} Ts.
ii. Max cell radius < 100km, e.g. one bit SIB deployment specific signaling = 0. This option can be used with ECP only.
Segments {0-12.5; 12.5-25; 25-50; 50-100} km <=> Granularity {160; 160; 320; 640} Ts.
3) Use 4 LSBs in the TA field in SA to represent the remaining timing adjustment within a segment according to the segment granularity.

The more details for calculation of the timing adjustment values can be found in [2]. Figure 1 provides illustrative example of the SA field interpretation in different deployment scenarios and shows the basic principle for interpretation of the proposed TA signalling mechanism for deployments with different cell radius.
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Figure 1. On interpretation of TA field sent by D2D TX in SA
The proposed mechanism requires 1 bit signalling in SIB and reuses 6 bits for TA signalling in SA agreed by RAN1 WG. If the proposed granularity is deemed to be coarse as well then the size of SA field may be slightly increased (e.g. use 7 vs 6 bits) in order to further reduce granularity.
Observation 4
· For Mode-1, the TA field carried in SA is likely to be always set to 0 for typical LTE deployments with cell radius < 2.5km, due to coarse granularity expressed in ECP units (ECP = 512 Ts = 5 km).
· Increased number of bits (e.g. 11 bits) in order to cover 100km cell radius with 16 Ts granularity will result in similar situation when 6 MSBs out of 11 bits are always set to zero in typical LTE deployments with cell radius < 2.5km.
· The granularity for the TA field may be reduced to 16Ts for all typical LTE deployments if additional SIB signaling indicating deployment type is introduced and 6 bit TA field is re-interpreted accordingly.
Proposal 2
· Introduce 1 bit common signaling, indicating max cell deployment radius and corresponding timing adjustment range.
· Reinterpret the TA field in Mode-1 SA as follows:
· Use 2 MSBs to indicate one of the 4 timing adjustment segments in logarithmic scale and corresponding time adjustment offset.

· Use 4 LSBs to represent the remaining timing adjustment within a segment according to the segment granularity in linear scale.

5 Conclusions

In this contribution, we provided our views on the D2D transmission timing. In summary we have following proposals:
Observation 1
· Mode-2 data transmission timing needs to be decided by RAN1 WG.

Observation 2
· For Mode-1 communication, the D2D reception timing adjustment signaled in SA is too coarse for majority of the typical LTE deployments.
Observation 3
· RRC_IDLE and RRC_CONNECTED UEs can estimate DL timing. In addition, RRC_CONNECTED UEs can measure UL timing, however this information is missed at RRC_IDLE UEs.

· If Mode-2 communication is to be used by RRC_IDLE and RRC_CONNECTED UEs the usage of DL timing can be recommended to reduce time of arrival variability at the D2D receiver.

Observation 4
· For Mode-1, the TA field carried in SA is likely to be always set to 0 for typical LTE deployments with cell radius < 2.5km, due to coarse granularity expressed in ECP units (ECP = 512 Ts = 5 km).
· Increased number of bits (e.g. 11 bits) in order to cover 100km cell radius with 16 Ts granularity will result in similar situation when 6 MSBs out of 11 bits are always set to zero in typical LTE deployments with cell radius < 2.5km.
· The granularity for the TA field may be reduced to 16Ts for all typical LTE deployments if additional SIB signaling indicating deployment type is introduced and 6 bit TA field is re-interpreted accordingly.
Proposal 1
· DL timing is used for Mode-2 communication (SA and Data) by RRC_IDLE and RRC_CONNECTED UEs.
Proposal 2
· Introduce 1 bit common signaling, indicating max cell deployment radius and corresponding timing adjustment range.
· Reinterpret the TA field in Mode-1 SA as follows:
· Use 2 MSBs to indicate one of the 4 timing adjustment segments in logarithmic scale and corresponding time adjustment offset.

· Use 4 LSBs to represent the remaining timing adjustment within a segment according to the segment granularity in linear scale.
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