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1 Introduction
At the RAN1#77 meeting, the following agreement on the timing adjustment signaling was reached [1]:
Agreements:
6 bits are used to indicate D2D reception timing adjustment in SA (at least for Mode1), giving values of TA spaced at intervals corresponding to the extended CP length with a cell radius of 100km.
Companies realized that the length of the extended CP is too coarse to give useful timing adjustment information in almost all of the D2D communication scenarios, and then the discussion was re-opened on this topic. Companies agreed to further discuss this topic with the following proposals:

Proposals:

· FFS the granularity and the number of bits of the timing adjustment (TA) in SA.

· FFS whether additional information is transmitted, e.g., in SIB, PD2DSCH. 

· If no consensus is reached at RAN1#78, the agreement at RAN1#77 is kept.

In this contribution, the timing adjustment signaling is further discussed. SIB-carried TA signaling is proposed in this contribution to avoid ICI problem. 
2 Timing adjustment carried in SA and in SIB
UE-specific TA signaling can bring ICI problem [2]. In Figure 1, three UEs are randomly selected in one cell. One is transmitting the D2D signal, another is receiving the D2D signal, while the third is transmitting D2D signal or cellular traffic as interference to the first two D2D UEs.
let T_eNB_reference be the time of eNodeB transmitting time reference, T_eNB_receiving be the time of eNodeB receiving PUSCH, LeNB_UE1 be the propagation distance between eNodeB and UE1, LeNB_UE2 be the propagation distance between eNodeB and UE2, LeNB_UE3 be the propagation distance between eNodeB and UE3, LUE1_UE3 be the propagation distance between UE1 and UE3 and LUE2_UE3 be the propagation distance between UE2 and UE3.
The time when UE1 receives downlink timing reference is (T_eNB_reference+LeNB_UE1/c). The time when UE1 transmits signals with TA is (T_eNB_receiving‑LeNB_UE1/c). So UE1’s transmitting timing advance is (T_eNB_reference‑T_eNB_receiving+2×LeNB_UE1/c).
The time when UE2 receives downlink timing reference is (T_eNB_reference+LeNB_UE2/c). The time when UE2 transmits signals with TA is (T_eNB_receiving‑LeNB_UE2/c).

The time when UE3 receives downlink timing reference is (T_eNB_reference+LeNB_UE3/c). The time of UE3’s receive window following UE1’s TA adjustment is (T_eNB_receiving‑2×LeNB_UE1/c + LeNB_UE3/c).
The time when UE3 receives UE2’s signal is (T_eNB_receiving‑LeNB_UE2/c+LUE2_UE3/c).
The timing error can be defined as the timing difference of the receiving time of the signal and the the start time of UE’s receiving window. If the timing error is smaller than zero or larger than CP length, ICI occurs. The timing error of UE2 is Terror=(2×LeNB_UE1/c + LUE2_UE3/c - LeNB_UE2/c  - LeNB_UE3/c).
If Terror<0, ICI occurs. 
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Figure 1. ICI problem of SA carried TA signaling
If the eNodeB sends TA signaling (T_eNB_reference‑T_eNB_receiving+2×Lmax/c) in the SIB, the time of UE3’s receiving window following eNodeB’s TA adjustment is (T_eNB_receiving‑2×Lmax/c + LeNB_UE3/c). 
The timing error of UE2 is Terror=(2×Lmax/c - LeNB_UE2/c + LUE2_UE3/c  - LeNB_UE3/c) >0. Terror is always larger than 0, so ICI will never happen.
3 Comparison of SIB and SA signaling
Figure 2 shows the CDF of interfering UE’s delay for different ISD scenarios. In these simulation cases, UE positions in one cell are randomly selected. Among these three positions, one is set to be the position of the D2D receiving UE, one is set to be the position of the D2D transmitting UE, and one is set to be the position of the interfering UE. In a real network, the number of interfering UEs can be much larger than 1 considering cellular PUSCH transmitting UEs as well as other D2D broadcasting UE, which means that in real network, much more interference would be observed than the simulation cases in the following figures.
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Figure 2. delay CDF of interfering UE
In Figure 2, a negative value means the receiving timing of the signal is before the start of receiving window, which will bring ICI problem. A positive value means the receiving timing of the signal is after the start of the receiving window. It’s observed that if the TA signalling is carried by SA, the probability of the occurrence of ICI is around 25% (the red curve with the negative value). For an ISD of 1732m, the maximum timing error can be up to 6μs. For an ISD of 2600m the maximum timing error can be up to 10μs. 
In Figure 2, it is also observed that if the TA signalling is carried by SIB, there is no ICI at all because all the timing error values are positive number (the blue curve).  
4 Conclusions
This paper discussed the timing adjustment signaling for D2D communication. In order to avoid the ICI problem, we propose that:
Proposal 1: timing adjustment signaling is carried by SIB. 
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