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1 Introduction
In RAN1 #75, the following way forward on discovery transmit timing was agreed [1]. 
· 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 paper, some further discussions are made about the timing control of the type-1 discovery transmissions and some observations and proposals are provided. 
2 Impact on cellular system of RRC_Connected D2D UEs
2.1 Delay distribution of RRC_Connected D2D UEs at eNBs
In this section, we will consider the potential impact of RRC_Connected D2D UE transmissions on the cellular system in FDD. Similar situations are valid for TDD. 
When the timing control is based on the DL reference timing without timing advance (i.e. T2=0), the D2D discovery signals are positively delayed at the eNBs in comparison with the received cellular signals, as shown in Figure 1 below. 
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Figure 1: Illustration of positive delay of D2D signals at eNB (FDD)
The potential impact of D2D signals on the cellular system mainly depends on two related aspects: the value of the positive delay and the signal strength. With fixed transmission power, the average signal strength is determined by the path loss. Hence, we obtained the distributions of delay vs. pathloss of all RRC_Connected D2D UEs relative to the central cell for layout options 3 and 5 with uniformly distributed outdoor UEs as shown in Figure 2~3. In the simulations, 57 synchronous cells with wrap around are assumed and the D2D signal transmission timing is based on the DL reference timing (i.e., T2=0) of their associated cells. Other simulation conditions are consistent with the agreed evaluation conditions for 3GPP D2D. 
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Figure 2: Relative delay vs. pathloss for layout 3 (uniform outdoor UEs, 2.0GHz)
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Figure 3: Relative delay vs. pathloss for layout 5 (uniform outdoor UEs, 0.7GHz)
From the figures, we can make the following observation:

Observation-1: With the DL reference timing control, the delay of D2D signals relative to the cellular signals at eNB could be largely less than 5 us for a cell layout with inter-site distance (ISD) of 500m, while for cell layout with ISD of 1732m, the relative delay could be up to about 15~20 us.

2.2 Avoidance/alleviation of interference from D2D signals at eNBs

There are two types of potential interference of D2D signals to the cellular system: one is inter-subframe interference (i.e., interference of D2D subframe to adjacent cellular subframe), the other is intra-subframe interference (i.e., interference of D2D signal to frequency multiplexed cellular signals within the D2D subframe if they exist). The avoidance/alleviation of these interferences is discussed below.
Avoidance of inter-subframe interference to cellular system:

Given that the D2D signal is delayed relative to the cellular signals, the avoidance of inter-subframe interference to cellular system could be readily achieved by reserving some guard time at the end of the D2D subframes. Note that the guard time can also facilitate the avoidance of interference between adjacent D2D subframes. As we discussed in [2], the guard time can be constructed using a fractional symbol based method, where a repetition structure in time is generated by using every-second subcarrier and the second part is used as the guard time, as shown in Figure 4. As shown in this figure, in functionality the guard time can be divided into two parts that are used for RX/TX switching and delay absorption, respectively. 
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Figure 4: illustration of guard time in the last symbol of D2D SF
Proposal-1: With the DL reference timing, the potential inter-subframe interference from D2D transmissions to the cellular system could be avoided by means of a guard time at the end of the last symbol of D2D subframes. The guard time size should accommodate the RX/TX switching time and the D2D signal transmission delays. 
Alleviation of intra-subframe interference to cellular system:

As discussed in previous meetings, the D2D transmissions could use periodic subframes in the uplink carrier (in FDD) or in the uplink subframes (in TDD), while the downlink carrier (in FDD) or all the downlink subframes (in TDD) are still used for cellular traffic as in usual cellular systems. In this case, even in the D2D subframes, some PRBs will have to be allocated to some cellular UEs for supporting their traffic transmission in the DL (e.g., ACK/NACK feedback for DL traffic in PUCCH), and the other PRBs could be used for D2D transmissions. In this situation, the potential interference of D2D transmissions to the frequency multiplexed cellular transmissions will have to be considered. 
According to observation-1, the relative delay of the D2D signals at eNB receiver could be up to 5us and 15~20us, depending on the cell size. Since the relative delay exceeds the normal CP size, some interference from D2D signals to cellular signals (e.g., PUCCH) within the same subframe will be incurred. Some measures shall be taken to alleviate this type of interference. The potential measures include: 

· Use extended CP size in D2D subframes for large cell size deployments;
· Specific power control is used for D2D transmissions to constrain their received power at the eNB [3];
· Some guard band is reserved between the cellular transmissions and D2D transmissions in the D2D subframes. 
Proposal-2: In case of D2D signals multiplexed with cellular signals in frequency, some measures (e.g., extended CP size usage, power control for D2D transmissions and/or guard band reservation between them) need to be considered to alleviate the interference from D2D signals to cellular system. 

3 Discussion on D2D UE discovery transmit timing in TDD

In TDD the UL transmit timing of T1-(TTA+TTAoffset) is used, where T1 denotes the DL receive timing at UE, TTA denotes the timing advance instructed by eNB and TTAoffset denotes a fixed timing offset of 624Ts to constitute the TX/RX and RX/TX transition time in TDD (where Ts denotes the sampling time interval of 1/30.72e6). 
The D2D UE transmit timing control needs to be consistent with the above specification, that is, in TDD, the D2D transmit timing of T1-624Ts can be used, as shown in Figure 5. From the figure, we can see that with the D2D transmit timing of T1-624Ts, the D2D signals have positive delays relative to the cellular signals at eNB receiver, just like in FDD case shown in Figure 1. 
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Figure 5: Illustration of D2D transmit timing in TDD (UL-DL configuration 1 is exemplified)
Proposal-3: In TDD, D2D UEs, whether in RRC_Connected or RRC_Idle, employ the transmit timing of T1-T2, where T1 denotes the DL receive timing at UE and T2=624Ts. 
4 Conclusions
In this paper, we discussed the timing control methods for discovery UEs. The following proposals and observations are achieved. 
Observation-1: With the DL reference timing control, the delay of D2D signals relative to the cellular signals at eNB could be largely less than 5 us for a cell layout with inter-site distance (ISD) of 500m, while for cell layout with ISD of 1732m, the relative delay could be up to about 15~20 us.

Proposal-1: With the DL reference timing, the potential inter-subframe interference from D2D transmissions to the cellular system could be avoided by means of a guard time at the end of the last symbol of D2D subframes. The guard time size should accommodate the RX/TX switching time and the D2D signal transmission delays.

Proposal-2: In case of D2D signals multiplexed with cellular signals in frequency, some measures (e.g., extended CP size usage, power control for D2D transmissions and/or guard band reservation between them) need to be considered to alleviate the interference from D2D signals to cellular system.

Proposal-3: In TDD, D2D UEs, whether in RRC_Connected mode or RRC_Idle mode, employ the transmit timing of T1-T2, where T1 denotes the DL receive timing at UE and T2=624Ts.
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