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1 Introduction
In the last RAN1 meeting, we have the following agreed way forward:
· 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
According to the assumption that has already been concluded, the D2D discovery will operate in uplink spectrum of FDD covering cell or uplink subframes of TDD covering cell. And D2D transmission/reception will use half duplex at the given carrier. Considering that in LTE system UE will adjust uplink transmission according to time advance command configured by eNB, the timing of cellular uplink transmission is usually ahead of downlink timing. The UL/DL timing difference can be large especially in large cells, where the length of TA may be several SC-FDMA symbols. If D2D signal is transmitted based on the DL reference timing in uplink carrier of uplink subframe, the timing difference will lead to the impact between D2D operation and cellular uplink transmission.
In this paper, we will analyze the impact between D2D signal transmission/detection and the uplink transmission in the subframe just following the D2D subframe.
2 Inter-subframe Impacts

The inter-subframe impact between D2D subframe and the consecutive subframe is shown in the Figure 1. In cellular uplink transmission, the uplink subframe will start TA ahead of the downlink subframe with the same subframe index n. If the D2D subframe follows the reference timing of downlink subframe, it will obviously lead to the overlap between the D2D subframe and the consecutive uplink subframe. The length of the overlapped region is same as TA. As we all know the value of TA is depending on the distance between UE and eNB. The maximum TA value defined in current specification is 20512Ts, so as to compensate the round trip propagation delay in a large cell with 100km coverage, which is the maximum coverage that the LTE cell should support. When UEs working with the maximum TA, the length of overlapped interval may come to more than 8 long CP SC-FDMA symbols.
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Figure 1 Illustration of inter-subframe impact caused by D2D timing
2.1 Impact on UL Transmission of RRC_Connected D2D UE
The UL/DL timing difference issue firstly impacts the RRC_ Connected D2D UEs which participate in D2D operation (e.g. discovery signal transmission or detection) in D2D subframe and transmit uplink signal in the consecutive subframe. The UL/DL timing difference can be resolved by reserving a guard interval of some length at the end of D2D subframe. The guard interval can mitigate the issue in some extent. 
As the required guard interval to eliminate the timing difference issue completely can be up to 8 long CP SC-FDMA symbols if the cell size is large as discussed above, the large guard interval causes severe resource wasting for the UEs working with much shorter TA value. Therefore in large cell case, we may seek for other alternative solution in order to have efficient resource utilization. This is the issue for only RRC_ Connected UEs, and eNB scheduling based approach could be one simple solution. Even with the eNB scheduling approach, a guard interval of reasonable length would be required at least for interference mitigation as given in [2]. 
Based on the discussions above, we have the following observation and proposal:

Observation: if T2=0, uplink transmission of RRC_ Connected D2D UE may be impacted because of the overlap between D2D subframe and the consecutive uplink subframe.
Proposal 1: at least a guard interval with appropriate length should be reserved at the end of D2D subframe to mitigate the overlap issue caused by D2D timing.
2.2 Impact on D2D Signal Reception
Unlike the previous section, we may need to see the opposite scenario. In the scenario shown in the Figure 2, one cellular UE is located nearby a cluster of D2D UEs, and the TA of the cellular UE is greater than the guard interval reserved at the end of D2D subframe. Then the uplink signal from the cellular UE will become interference to the D2D signal in the overlapped region between D2D subframe and consecutive uplink subframe. As the timing of cellular uplink transmission and the D2D transmission are misaligned, the ISI and ICI caused by uplink signal to D2D signal in the overlapped region may be inevitable in such case.
So we propose that the inter-subframe interference from uplink signal to D2D signal in the overlapped region between D2D subframe and consecutive uplink subframe should be further evaluated.
Proposal 2: the inter-subframe interference from uplink signal to D2D signal in the overlapped region between D2D subframe and consecutive uplink subframe should be further evaluated.
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Figure 2: Interference from uplink signal to D2D signal
3 Conclusions

This paper provides some analysis on the inter-subframe impact issues in a large cell caused by D2D timing. And we have the following observation and proposals:
Observation: if T2=0, uplink transmission of RRC_Connected D2D UE may be impacted because of the overlap between D2D subframe and the consecutive uplink subframe.

Proposal 1: at least a guard interval with appropriate length should be reserved at the end of D2D subframe to mitigate the overlap issue caused by D2D timing.

Proposal 2: the inter-subframe interference from uplink signal to D2D signal in the overlapped region between D2D subframe and consecutive uplink subframe should be further evaluated.
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