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1 Introduction
At RAN1#76bis, an agreement on gap was reached:
· At least for UEs which are not out-of-coverage, the size of the gap agreed in RAN1#76 for both communication and discovery is 1 symbol at the end of every D2D transmission which does not use uplink timing advance

· FFS whether a “D2D transmission” can in some cases be considered to have a duration of more than one subframe, and if so, in which cases. 

· Gap is created by puncturing.
· There is no explicit signalling of the presence/absence of the gap
This contribution analyzes the D2D signal gap issue which has been extensively discussed in the RAN 1 email reflector, and proposes a simple unified scheme of preserving the gap in all D2D subframes.
2 Gap for D2D Transmission
The purpose of the gap was to protect cellular transmission of a UE in subframe “n+1”, in case it transmits D2D signal not using UL timing advance in subframe “n” as shown in Figure 1. 

[image: image1]
Figure 1: presence of the gap in the last symbol of subframe “n” (shown in green) as subframe “n+1” uses timing advance. 
In the last meeting, it is proposed to have an adaptive gap in D2D subframes (some D2D subframes have a gap at the last symbol and some do not). In the following we share our views regarding this proposal: 

First we focus on the case that the D2D transmission does not use UL timing advance. To have an adaptive gap, the D2D subframes have to be consecutive. In particular, if subframes “n” and “n+1” are D2D subframes, in the adaptive gap case, no gap exists in the last symbol of subframe “n”. 
1. In our view, this is an optimization with a small gain. In TTI bundling scenario (using “k” subframes), TTI bundling provides 10*log(k) dB gain. Since TTI bundling is a repetition, that one gap symbol between consecutive subframes just conveys more coding, not more data payload. The net effect of transmitting on the gap symbol is a modest increase in the SNR, much smaller than the 10*log(k) benefit of bundling. This modest benefit in SNR does not justify this optimization.

2. The modest gain for such optimization may not be even attainable. The issue is the receiver may not know whether the gap exists. Due to this ambiguity, there is possibility that a receiving UE may treat the received interference (in the gap) as a signal, degrading coding performance.  
a. In the email discussions it has been mentioned that the receiver may be able to deduce the presence or absence of the gap based on D2D resource pool information.

i. Although the receiving UE is aware of consecutive subframes allocated for D2D (subframes n and n+1) in that case, this UE is not sure whether the transmitting UE has a WAN transmission in subframe n+1. So, the transmitting UE has applied a gap to protect cellular in that scenario as the cellular has higher priority than D2D. The receiver does not know and assumes there is no gap. 

ii. In addition, in case of inter-cell D2D, the receiver is aware of the D2D receive pool, but may not be aware of the D2D transmission pool of the other cell which is a subset of the D2D receive pool. The inter-cell argument is applicable to at least for discovery signals not using UL timing.
b. It may be preferable to have the D2D subframes spread out to reduce the impact to the WAN DL and UL throughput or latency.
Proposal 1: The gap always exists at the last symbol of a D2D subframe, for D2D transmissions in-coverage not using UL timing advance.

Now, we focus on the presence/absence of the gap in D2D subframes using UL timing advance. The receivers still may have ambiguity about the presence of the gap in case of using adaptive gap when a common reception resource pool is used for D2D signals with and without UL timing advance. So to simplify the design we suggest using the gap in all in-coverage scenarios.
Proposal 2: The gap always exists at the last symbol of a D2D subframe, for D2D transmissions in-coverage using UL timing advance.

For out of coverage scenarios, the resources may be scarce since the out-of coverage pool is a predefined pool. Additionally, the receivers may be aware of whether the transmission is from an out-of-coverage source through the synchronization signal or pre-defined resource pool assigned to out-of-coverage transmissions (if such a pool is not used by in-coverage UEs for transmission). Therefore, for out-of-coverage transmissions, we slightly prefer having no gap at the end of each D2D subframe.
Proposal 3: For out-of-coverage transmissions, we slightly prefer having no gap at the end of each D2D subframe.

As mentioned earlier the gap is introduced to protect cellular transmissions. Since a one gap symbol is used at the end of a D2D subframe, in case a transmission with timing advance of larger than one symbol is scheduled in subframe “n+1”, the UE drops the entire D2D transmission in the subframe “n”. This is a simple solution for Rel-12.
Proposal 4: In case a transmission with timing advance of larger than one symbol is scheduled in subframe “n+1”, the UE drops the entire D2D transmission in the subframe “n”.

3 Conclusion
This contribution discusses the gap for D2D transmissions resulting in the following proposals: 
Proposal 1: The gap always exists at the last symbol of a D2D subframe, for D2D transmissions in-coverage not using UL timing advance.

Proposal 2: The gap always exists at the last symbol of a D2D subframe, for D2D transmissions in-coverage using UL timing advance.

Proposal 3: For out-of-coverage transmissions, we slightly prefer having no gap at the end of each D2D subframe.
Proposal 4: In case a transmission with timing advance of larger than one symbol is scheduled in subframe “n+1”, the UE drops the entire D2D transmission in subframe “n”.
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