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1. Introduction

In RAN1#78bis, the following agreement was made with regard to discovery synchronization window that the UE may assume for the neighbor cell discovery resources. 
	Agreements:
· If higher layer indicates w1 in a given neighbor cell, UE may assume for the purpose of discovery a reference synchronization window of size +/-w1 ms for that neighbour cell with respect to neighbour cell D2DSS resource

· w1 is a fixed value and decided by RAN4
· UE may assume D2DSS is transmitted in that cell
· If higher layer indicates w2 in a given neighbor cell, UE may assume for the purpose of discovery a reference synchronization window of size +/-w2 ms for that neighbour cell with respect to neighbour cell discovery resource 
· Exact value of w2 is decided by RAN4
· RAN1 recommend  w2 as not greater than CP length (of the order of CP length)
· UE expects that D2DSS indicated by the resource pool configuration appears only within signaled reference synchronization window


It was agreed that the eNodeB indicates either w1 or w2 for the neighbor cell discovery resources. The parameters w1 and w2 signify the synchronization window that the UE should assume corresponding to the neighbor cell discovery resources. The numerical values for w1 and w2 were left to RAN4 to decide. 
In this contribution, we first provide a discussion to motivate the aforementioned RAN1 agreement. Then we provide our proposal on the numerical values for w1 and w2, and further discuss the impact of these proposals on the existing agreement on interruptions to WAN.

2. Discussion on RAN1 agreement
Figure 1 below depicts the context of the RAN1 agreement. 

For D2D discovery, the eNodeB communicates the discovery resources used by UEs in its cell and also for the neighbor cells via SIB or dedicated RRC signaling. For neighbor cell discovery resource pool information, RAN1 agreed to include another parameter (with values w1 or w2) that is used to indicate to the UE the timing synchronization window that the UE has to handle when receiving D2D transmissions from UEs camped on the neighbor cell. In other words, timing error of up to ±w1 or ±w2 is expected at the UE when receiving D2D transmissions from UEs camped on neighbor cells.

The eNodeB may indicate w1 with the neighbor discovery resource pool for ‘asynchronous’ cells where the UE is then expected to look at D2DSS (D2D synchronization signals) within the ±w1 synchronization window to align its timing to the discovery transmissions occurring in that neighbor cell. 
The eNodeB may indicate w2 with the neighbor discovery resource pool for ‘synchronous’ cells where the UE is not expected to further synchronize using D2DSS from UEs in neighbor cell (moreover, UE may not assume that D2DSS is being transmitted in the neighbor cell). Hence the maximum timing uncertainty should be with the cyclic prefix, or w2 = CP / 2. This is also indicated in the RAN1 agreement (“RAN1 recommend w2 as not greater than CP length (of the order of CP length)”.
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Figure 1: D2D discovery resource configuration by eNodeB
Note that the indications on w1 and w2 are not restrictive for the network. The eNodeB can choose to indicate either ±w1 or ±w2 corresponding to the neighbor cell discovery resources independent of the actual deployment being synchronous or asynchronous.

3. Proposals on w1, w2
3.1. Numerical value for w2

As indicated in Section 2, the eNodeB may indicate w2 with the neighbor discovery resource pool for ‘synchronous’ cells where the UE is not expected to further synchronize using D2DSS from UEs in neighbor cell. Hence the maximum timing uncertainty should be with the cyclic prefix. It is hence proposed that w2 = normal CP / 2, such that the total synchronization window (±w2) is normal CP. 

Note that normal CP should be used so that it works in deployments that employ both normal CP and extended CP for D2D transmissions. To further elaborate, if w2 was chosen to be extendedCP/2, then the synchronization window will exceed the CP in deployments using normal CP and will exhibit loss in D2D performance. 

Proposal 1: The numerical value of w2 shall be set as (normal CP / 2).
We note that this proposal on w2 is also consistent with RAN1 guidance.

3.2. Numerical value for w1

As indicated in Section 2, the eNodeB may indicate w1 with the neighbor discovery resource pool for ‘asynchronous’ cells where the UE is then expected to look at D2DSS (D2D synchronization signals) within the ±w1 synchronization window to align its timing to the discovery transmissions occurring in that neighbor cell.
From a UE’s perspective, this is similar to cell detection where the UE has to currently deal with the uncertainty of 5ms. Thus the processing power of the UE will be able to manage the same uncertainty in D2DSS detection. Here processing power includes the memory requirements to store samples, number of computations for cell detection, number of timing hypothesis to be tested to ensure practical false alarm rates, etc. It is hence proposed to use w1 = 2.5ms, that will lead to a synchronization window (±w1) of 5ms.
Proposal 2: The numerical value of w1 shall be set as 2.5ms

4. Impact on agreements on Interruptions

Interruptions due to D2D occur due to receiver re-tuning from DL to UL or turning ON a spare receiver chain. In RAN4#72bis, it was agreed that 1 subframe interruption before and after a discovery subframe is allowed for receiver re-tuning/turn ON. 

With the additional agreement on D2D synchronization window, the UE will now have to retune its receiver ±w1/±w2 before and after the discovery subframe for neighbor cell discovery. Hence the interruption location will change. Note that the location of the interruption is still known at the eNodeB and there is no change in the number of interruptions. 

For w2 (=normal CP /2, as proposed), there is no impact since it can be absorbed within the 1ms interruption. 
For w1 (=2.5ms, as proposed), the UE will need to re-tune or turn ON/OFF its receiver ceil(w1)ms before and after a discovery subframe. Hence the following proposal is made,

Proposal 3: For D2D discovery, a UE is allowed to interrupt PCell UL and DL on 1 subframe that is ceil(w1) subframes before and after a discovery subframe configured with associated discovery synchronization window of w1.

5. Conclusions

In this paper, we provide our proposal on D2D discovery synchronization window requirements, providing the numerical values for w1 and w1 as requested by RAN1. Further, the impact of these requirements on existing WAN interruptions is also proposed.
(Numerical value for w1 and w2)

Proposal 1: The numerical value of w2 shall be set as (normal CP / 2).

Proposal 2: The numerical value of w1 shall be set as 2.5ms

(Minor update to interruptions agreements due to w1)
Proposal 3: For D2D discovery capable UE is allowed to interrupt PCell UL and DL on 1 subframe that are ceil(w1) subframes before and after a discovery subframe configured with associated discovery synchronization window of w1.
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