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1 Background
In the RAN1#76 meeting, some working assumptions about signal timing and the number of symbols were made [1]. 
From the perspective of a single UE:

· No DTX period is introduced solely to aid switching for the case when a UE switches from uplink transmission to D2D reception 
· In the event of a time domain conflict between UL WAN transmission and D2D transmission and/or reception and/or switching, UL WAN transmission is always prioritized
· The last symbol(s) of a D2D transmission can consist of a gap

· The size of the gap is FFS between ½, 1 and 2 symbols

· FFS whether the size can depend on cell size

· FFS whether the gap is created by puncturing or rate matching

· FFS whether, and if so how, the receiver is made aware of the presence (and length if variable) of the gap

· FFS in which circumstances the gap exists

•
No DTX period is introduced solely to aid switching for the case when a UE switches from D2D transmission to D2D reception, nor from D2D reception to D2D transmission. 
Some remaining issues about how to manage the gap associated with the last symbol. In this paper, we assess the size of the gap and provide some recommendations.
2 Size of the Gap
Because D2D transmissions have lower priority than uplink transmissions, the size of the gap should be chosen so that uplink communications are not affected by D2D transmissions. With the current working agreements, the possible time durations are listed in Table 1 assuming a symbol uses a normal cyclic prefix. 
Table 1. Time granularity

	Gap, symbols
	Duration, µs 
	Ts

	½ 
	35.7
	1096

	1
	71.3
	2192

	2
	142.7
	4384


The following subsections list factors into selecting the appropriate gap size.

2.1 Switching time
Some operations needed for transmission and reception of D2D signals in subframe n are enumerated in Table 2 considering the UE mode in subframes n-1 and n+1.
Table 2. Switching transitions needed
	Mode subframe n-1
	Mode subframe n+1
	Transmit subframe n
	Receive subframe n

	Receive
	Receive
	2
	0

	Receive
	Transmit
	1
	1

	Transmit
	Receive
	1
	1

	Transmit
	Transmit
	0
	2


The worst case scenarios involve two transitions (tx(rx(tx) and (rx(tx(rx). Given that the switch duration is 624 Ts (20.3 µs), the worst case time needed for switching is 1248 Ts (40 µs). 
Observation 1: At least 40 µs are needed for switching.
This value of switching time is consistent with the TDD frame configuration which allocates at least 1456 Ts of switch time in the GP of the special subframe and uses a timing advance of 624 Ts to reserve a switching time from transmit to receive.
Another reason why shortening this switching time is not possible is that the two worst case scenarios are likely situations, and are not outliers. Examples of the rx(tx(rx scenario include a UE is receiving D2D transmissions in subframe n-1 and n+1 while transmitting D2D signals in subframe n. Likewise, examples of the tx(rx(tx scenario include a UE is transmitting on the UL in n-1 and n+1 while receiving D2D transmissions in subframe n.
Another observation about Table 2 is that optimization when the modes in subframes n-1 and n are the same (either tx,tx or rx,rx) is not practical. While the UE (UEA) does not need to switch, the other UEs are unaware of UEA’s state in subframe n-1 and thus do not know whether the optimization was applied.
2.2 Propagation delay
Another factor in determining the size of the gap is propagation delay. As stated in [2], the worst case free-space propagation delay within a cell of radius d is 2d/c. For a cell radius of 4 km, the worst free space propagation delay is 26 µs (~820 Ts). Because free space delay represents the minimum delay, the 26 µs is a lower bound.
Observation 2: The cell size affects the overall propagation delay and hence affects the gap size.
2.3 Timing

There are two perspectives for timing: UE and eNB. While it is desirable to just focus on the UE timing, D2D transmissions will affect reception of signals at the eNB. 

2.3.1 Example 1: cell center UE
The following figure illustrates an exemplary timing for a UE located near the eNB (i.e., UE timing is equivalent to eNB timing). The UE is receiving a D2D transmission from a UE located at the cell edge (distance d).
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Figure 5. Example timing.

Because the transmitting UE is at cell edge and because T2=0, that UE transmits d/c seconds after the start of the subframe (referenced to the base). Since the propagation delay from cell edge to the center is d/c seconds, the receiving UE (at cell center) receives a transmission s+2d/c after the beginning of a subframe, where s is the switch time s=624 Ts. To allow the receiving UE to transmit in the next subframe, the rx(tx switch must occur before the next subframe. A subtle point is D2D transmission must end before the rx(tx switch occurs. To ensure that, a buffer of at least 2d/c seconds is needed to account for the timing of the cell edge UE and its propagation delay. Hence for this example, 2s+4d/c seconds is needed for the gap. Inserting numbers for s and d=1 km, the gap duration is 53 µs.
2.3.2 Example 2: cell edge UE
Another example has both the transmitting and receiving UEs located at cell edge (UEB and UEA, respectively), but located on opposite ends of the cell. In this example, the receiving UE (UEA) with perform the tx(rx switch d/c seconds after the start of the subframe. With a propagation delay of 2d/c seconds, UEA receives a D2D transmission s+3d/c from the start of the subframe. The interesting aspect is if UEA has uplink transmissions in the next subframe, then the rx(tx switch must occur d/c seconds before the end of the subframe. Including a buffer of 2d/c, a gap of 2s+6d/c is needed. Inserting numbers for s and d=1 km, the gap duration is 60 µs.
2.3.3 Timing summary

The examples illustrate several points about the design of the gap. When consider minimum switch time duration, the gap size of ½ symbol is excluded because it is less than 40 µs.

Proposal 1: The size of the gap is either 1 symbol or 2 symbols.
The examples show that the gap duration is a function of cell size. Although the switch time accounts for a large percentage of gap size, the effects of propagation delay may cause the gap duration to exceed 1 symbol time for cells larger than 1.5 km. While allocating 2 symbols for the gap can ensure wide area coverage for D2D transmissions, further investigation about the impact to D2D capacity is needed.
Additionally, because the D2D operations fit into existing UL subframes, the gap must be split with half the gap at the beginning of the subframe and the other half at the end of the subframe, as illustrated by the examples. Note that this splitting of the gap at the beginning and end of a subframe was the solution chosen during the standardization of rel-10 relays.
Proposal 2: The gap should be split with halves located at the beginning and end of a subframe.

3 Conclusion

An assessment of the size of the gap showed that the cell size is a factor to consider. In addition, the following proposals are provided.
Proposal 1: The size of the gap is either 1 symbol or 2 symbols.
Proposal 2: The gap should be split with halves located at the beginning and end of a subframe.
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