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1
Introduction
In RAN1#76 meeting, transmit timing of Type 2B discovery was discussed as follows [1]:
Working Assumption:

· For Type 2B discovery

· If RRC_Idle UEs are not able to transmit type 2B discovery, value of T2 for type 2B discovery transmission is FFS between: 

· TA for FDD / 624Ts +TA for TDD: 

· T2 = 0 for FDD, T2 = 624Ts for TDD: 

· If RRC_Idle UEs are able to transmit type 2B discovery, value of T2 for type 2B discovery transmission is:

· T2 = 0 for FDD, T2 = 624Ts for TDD
Additionally, the following agreements on transmit timing were achieved in RAN1#77 meeting [2]:
Agreements:
· For in-coverage UEs

· SA uses DL Timing
· For Mode 1, Data timing uses UL Timing

· For Mode 2, FFS: Data uses DL Timing or UL Timing

· DL timing := T2 = 0 (FDD) and T2 = 624TS (TDD)

· UL Timing  := TA + DL timing

Agreement:

· For in coverage UEs, with the possible exception of Type 2B discovery, D2DSS and PD2DSCH use downlink timing

· FFS for type 2B discovery

There can be advantages and disadvantages depending on which transmit reference timing is used for D2D operation. In this contribution, we will discuss how to set the transmission timing (T2) of Type 2B discovery and Mode 2 data, including transmission timing of D2DSS. 
2
Type 2B Discovery 
UL reference timing

Motivation of introducing Type 2B discovery is mainly attributed to the fact that an eNB can fully control the transmission resources and corresponding parameters as doing in current LTE system. Thus, it is expected that using UL timing to transmit Type 2B discovery message can minimize impact to WAN PUSCH and PUCCH reception at eNB receiver. However, this advantage is lost as shown in [3], [4] when different CP length between WAN and D2D is configured to support different coverage requirements of WAN and D2D.
On the other hand, using UL timing could give several impacts to UE receiver sides. First, it could be difficult for RRC_Idle UEs to adjust reception window because the UEs do not have any TA value. This problem may be resolved if D2DSS is transmitted based on UL timing. However, D2DSS is transmitted only in asynchronous network to support inter-cell discovery operation. Additionally, if it is assumed that all D2D UEs within a cell transmit D2DSS, they cannot receive D2DSS due to half-duplex problem, and they still cannot estimate TA value of the transmitter. Thus, D2DSS transmission using UL timing cannot completely solve the problem in all cases. Second, assuming FDM of Type 1 discovery and Type 2B discovery for efficient resource utilization in a large bandwidth, receiver complexity increases because it may require demodulation of discovery messages with multiple timing. Moreover, discovery performance can be reduced since both Type 1 discovery and Type 2B discovery receivers are suffer from ICI problems. 
DL reference timing

One of main concerns to apply DL reference timing to Type 2B discovery can be ICI impact to WAN PUCCH and PUSCH reception. However, this ICI problem may be not critical since it can be resolved by guard band and/or power control as do in Type 1 discovery. On the other hand, using DL reference timing is beneficial for the receiver UE to set reception window as well as to calculate a single FFT per symbol. 

Based on the above discussion on transmit timing of Type 2B discovery and D2DSS, we can observe that using DL reference timing is more beneficial than using UL reference timing as the following.
Observation 1:
For transmit timing of Type 2B discovery message, 

	Transmit timing
	Pros.
	Cons.

	UL
	- Minimum impact to WAN if the same CP length is used. 
	- ICI impact to WAN if different CP length is used

- Difficulty in reception window adjustment for RRC_Idle UEs

- Difficulty in FDM with Type 1 discovery

- More receiver complexity

	DL
	- Simple adjustment of reception window for RRC_Idle UEs

- Allow to use FDM with Type 1 discovery if single FFT per symbol is assumed

- Less receiver complexity
	- ICI impact to WAN


Observation 2: 

· For transmit timing of D2DSS in Type 2B discovery, using UL timing cannot resolve adjustment of reception window for RRC_Idle UEs in some cases. 

· D2DSS transmission is not supported in synchronous networks.
· D2DSS transmission is used for inter-cell discovery operation, not intra-cell discovery operation

· D2D receivers cannot receive D2DSS transmitted within the same cell due to half-duplex if all D2D UEs transmit D2DSS in the cell.
3   Mode 2 Data 
UL reference timing

For Mode 2 data transmit timing within network coverage, the advantage of using UL timing could also disappear when different CP length is configured for WAN, Mode 1 data and Mode 2 data. However, different from Type 2B discovery, using UL timing could be desirable for the receiver side. For example, if Mode 2 data is FDMed with Mode 1 data, and a receiver is interested with both data, there is no receiver complexity issue. Regarding RRC_Idle UEs’ reception timing, they can easily adjust reception window by using the TA value in SA.

DL reference timing

It was agreed in RAN2#87 meeting that “While T310 is running, the UE may use Mode-2 fallback resources” [5], which means that the transmitter UE can be both in RRC_Connected and in RRC_Idle modes depending on whether T310 is expired or not. In other words, TA values are available to some D2D UEs but not to others. Thus, for the support of all D2D UEs, it is desirable to apply DL reference timing to Mode 2 data transmission. Moreover, this allows receivers to easily set their reception window. However, using DL timing has some drawbacks. First, Mode 2 data transmission with DL timing could impact to WAN PUCCH/PUSCH reception at eNB receiver. Second, assuming FDM of Mode 1 and Mode 2 data, D2D performance degrades due to ICI as well as receiver complexity may increase due to demodulation of data with multiple timing. 
Based on the above discussion on transmit timing of Mode 2 data within network coverage, we can observe that there are pros and cons depending on scenarios as the following.

Observation 3: 
For transmit timing of Mode 2 data,

	Transmit timing
	Pros.
	Cons.

	UL
	- Minimum impact to WAN and Mode 1 data if the same CP length is used. 
- Allow to use FDM with Mode 1 if single FFT per symbol is assumed

- Less receiver complexity
	- ICI impact to WAN and Mode 1 data if different CP length is used
- TA values are not available to some UEs

	DL
	- RRC_Idle UEs can transmit Mode 2 data without TA value
	- ICI impact to WAN and Mode 1 data if they are FDMed with Mode 2 data 
- Difficulty in FDM with Mode 1 data
- More receiver complexity


4   Conclusion
This document discusses transmission timing of Type 2B discovery and Mode 2 data. The following are our observations and proposals:
Observations: 
For transmit timing of Type 2B discovery message, 
	Transmit timing
	Pros.
	Cons.

	UL
	- Minimum impact to WAN if the same CP length is used. 
	- ICI impact to WAN if different CP length is used

- Difficulty in reception window adjustment for RRC_Idle UEs

- Difficulty in FDM with Type 1 discovery

- More receiver complexity

	DL
	- Simple adjustment of reception window for RRC_Idle UEs

- Allow to use FDM with Type 1 discovery if single FFT per symbol is assumed

- Less receiver complexity
	- ICI impact to WAN


For D2DSS transmit timing in Type 2B discovery,

· Using UL timing cannot resolve the adjustment of reception window for RRC_Idle UEs in some cases. 

· D2DSS transmission is not supported in synchronous networks.

· D2DSS transmission is used for inter-cell discovery operation, not intra-cell discovery operation

· D2D receivers cannot receive D2DSS transmitted within the same cell due to half-duplex if all D2D UEs transmit D2DSS in the cell.

For transmit timing of Mode 2 data,

	Transmit timing
	Pros.
	Cons.

	UL
	- Minimum impact to WAN and Mode 1 data if the same CP length is used. 
- Allow to use FDM with Mode 1 if single FFT per symbol is assumed

- Less receiver complexity
	- ICI impact to WAN and Mode 1 data if different CP length is used
- TA values are not available to some UEs

	DL
	- RRC_Idle UEs can transmit Mode 2 data without TA value
	- ICI impact to WAN and Mode 1 data if they are FDMed with Mode 2 data 

- Difficulty in FDM with Mode 1 data
- More receiver complexity


Proposals 
· For Type 2B discovery, both D2DSS and discovery message are transmitted based on DL reference timing: 

· T2 = 0 for FDD and T2 = 624Ts for TDD

· For Mode 2 data, 

· If the UE is RRC_Connected, T2 = TA for FDD and T2 = TA + 624Ts for TDD where TA value in SA is used to adjust reception window 
· If the UE is RRC_Idle, T2 = 0 for FDD and T2 = 624Ts for TDD where TA value in SA is set to a specific value, e.g., 0.
· RRC_Connected UEs and RRC_Idle UEs have to use different Mode 2 data pools.
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