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1
Introduction
In last RAN1#77 meeting, the CP length configurations and transmission timing of D2D signals and channels have been agreed as the following [1]:
Agreement:

· D2DSS and PD2DSCH have equal CP length

· UEs assume that the same length CP of all D2D signals/channels (at least for a given mode/type, depending on the FFSs below) is configured by the network or pre-configured for D2DSS transmitted by a UE for both in coverage and out of coverage cases

· If the network-configured and pre-configured CP lengths are different, the network-configured CP length is used. 

· FFS whether CPs for Mode 1 and Mode 2 may be different for D2D data channel. 

· FFS whether CPs for Type 1 and Type 2 discovery may be different

· Reception of D2DSS transmitted by a UE does not require blind detection of CP length

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
In this contribution, we will discuss the details of the CP length configurations for D2D discovery and communications.
2
CP Length Configurations
Depending on the coverage requirements, different CP length can be used for different D2D transmissions. For example, the CP lengths for discovery and communication can be different from each other. In this section, we discuss if different CP length configurations are necessary for different discovery types (i.e., Type 1 and Type 2B if both are supported within a same cell) or different communication modes (i.e., Mode 1 and Mode 2). 
2.1
Communication
In [2], we have proposed that pre-defined CP length, e.g., extended CP is used for Mode 2 communication in out-of-coverage scenario. So, our discussion is focused on CP length configurations for Mode 1 and Mode 2 communication in coverage scenario. 
It has been agreed that UL timing is used for Mode 1 communication, and Mode 2 in coverage scenario is FFS. Thus, it cannot be precluded that different transmit reference timing is used for Mode 1 and Mode 2 communication within network coverage scenario. This fact should be considered for CP length configuration, since the transmitted signals from different D2D transmitters can be received at a D2D receiver with timing misalignment. In Fig. 1, the examples of D2D transmission and reception timing are illustrated. Each D2D UE transmits D2D signals in a D2D subframe based on its own DL reference timing as shown in Fig. 1(a), and the corresponding reception timing at a D2D receiver is shown in Fig. 1(c). On the other hand, Fig. 1(b) illustrates that each D2D UE transmits D2D signals in a D2D subframe based on its own UL reference timing, and the corresponding reception timing at a D2D receiver is shown in Fig. 1(d). From these Figures, it is noted that the received signals can be misaligned at the receiver.
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Figure 1: D2D transmission and reception timing when DL and UL reference timing are used. 
In [3], we have showed the impact to the D2D receivers when the transmitters use DL timing or UL timing. As long as the transmitters use the same transmit reference timing (DL timing or UL timing) within the same subframe, there is no much difference in terms of the timing misalignment impact at the D2D receivers. Therefore, it is not necessary to use different CP lengths for Mode 1 and Mode 2 in-coverage scenario even though both cases may use different transmit reference timing.
Observation 1:
· We do not see any strong motivation to use different CP lengths for Mode 1 and Mode 2 communication in the same cell.
· Even though different transmission reference timing is used, e.g., Mode 1 uses UL timing and Mode 2 uses DL timing, the impact at the receiver side is similar and hence the same CP length can be used.
2.2
Discovery
In D2D discovery, it may be possible that Type 1 and Type 2 discovery use different transmit reference timing, but as mentioned in Section 2.1, this does not affect much to the CP length configuration. Unlike the communication case, the CP length should be determined by a discovery coverage requirement. If the discovery coverage requirement is common for Type 1 and Type 2, the same CP length can be used. However, if Type 1 and Type 2 have different discovery coverage requirement, different CP length may be required to satisfy different requirements.
Observation 2:
· The same CP length can be used for Type 1 and Type 2 discovery if the coverage requirement is common. 

· Different CP length may be used for Type 1 and Type 2 discovery depending on various coverage requirements.
2.3
WAN Coexistence
It would be desirable to use same transmit reference timing when D2D PUSCH is FDMed with WAN PUSCH/PUCCH, to minimize an impact to WAN. Thus, for communication, FDM of Mode 1 and WAN is better than FDM of Mode 2 and WAN. 
According to RAN1 agreement, it is possible to have different CP length configuration between WAN PUSCH/PUCCH and D2D PUSCH. For example, WAN uses normal CP length due to small cell radius, but D2D communication uses extended CP for larger discovery coverage. However, various studies have shown that FDM of WAN and D2D using different CP lengths can introduce ISI and ICI, which degrades the performance of both D2D and WAN traffics [3-5]. Thus, it would be preferred that D2D PUSCH uses the same CP length with WAN PUSCH if they are FDMed, even if different CP length configuration is possible, as shown in Fig. 2. Based on these facts, different CP lengths may be used for Mode 1 and Mode 2 communication (or Type 1 and Type 2 discovery) depending on whether they are FDMed with WAN PUSCH. 
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Figure 2: Illustration of the cases that different CP lengths are used for Mode 1 and Mode 2, when Mode 1 is FDMed with WAN PUSCH
Observation 3:
· If FDM of D2D and WAN-PUSCH is supported, it is preferred that D2D transmitters use the same CP length as the WAN transmissions, which can minimize the performance degradation of both D2D and WAN. 
Proposals: 
· If FDM of WAN PUSCH and D2D data channel is not supported, the same CP length can be used for Mode 1 and Mode 2 communication, and only 1 bit signalling is required to indicate the CP length. Otherwise, it is possible to use different CP lengths between Mode 1 and Mode 2, and separate signalling is required for each communication mode. 
· If FDM of WAN PUSCH and D2D discovery channel is not supported, the same CP length can be used for Type 1 and Type 2 discovery when the coverage requirement is common. 
· It is possible to use different CP lengths between Type 1 and Type 2 depending on various coverage requirements

· If FDM of WAN PUSCH and D2D discovery is supported, different CP lengths can be used for Type 1 and Type 2 discovery.
3
Conclusions
This document has discussed the CP length configurations for D2D discovery and communications. The following are our observations and proposals:
Observations:
· We do not see any strong motivation to use different CP lengths for Mode 1 and Mode 2 communication in the same cell.
· Even though different transmission reference timing is used, e.g., Mode 1 uses UL timing and Mode 2 uses DL timing, the impact at the receiver side is similar and hence the same CP length can be used.
· The same CP length can be used for Type 1 and Type 2 discovery if the coverage requirement is common. 

· Different CP length may be used for Type 1 and Type 2 discovery depending on various coverage requirements.
· If FDM of D2D and WAN-PUSCH is supported, it is preferred that D2D transmitters use the same CP length as the WAN transmissions, which can minimize the performance degradation of both D2D and WAN. 
Proposals: 
· If FDM of WAN PUSCH and D2D data channel is not supported, the same CP length can be used for Mode 1 and Mode 2 communication, and only 1 bit signalling is required to indicate the CP length. Otherwise, it is possible to use different CP lengths between Mode 1 and Mode 2, and separate signalling is required for each communication mode. 
· If FDM of WAN PUSCH and D2D discovery channel is not supported, the same CP length can be used for Type 1 and Type 2 discovery when the coverage requirement is common. 

· It is possible to use different CP lengths between Type 1 and Type 2 depending on various coverage requirements

· If FDM of WAN PUSCH and D2D discovery is supported, different CP lengths can be used for Type 1 and Type 2 discovery.
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