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1. Introduction

During the RAN1 #76bis meeting, some points about the CP configuration have been agreed in [1] as follows. 
	Agreement:

· If the transmitting UE is in-coverage, the CP lengths for D2D signals and cellular traffic are independently configured
· D2D CP length is set by common higher layer signaling 
· FFS whether the SA, D2D data and D2DSS may use different CP lengths
· FFS which CP length to use /how to configure it if the transmitting UE is not in-coverage
· The impact on cellular traffic of using a different CP length for D2D should be minimised. 


In this contribution, some of our consideration for D2D CP length configuration is provided. 
2. Discussions
2.1. Potential Scenarios Analysis for Different CP Length
According to this agreement, the following interpretation can be assumed:

· Scenario 1: D2D and cellular service using different CP length
For legacy cellular communication, the choice of the CP length is mainly attributed to the consideration of coverage. For normal coverage, the normal CP length is applied. For extended coverage requirement, such as to guarantee the suburban or rural area coverage, or especially for MBMS service, the extended CP is applied. The UL CP configuration can be acquired in the RadioResourceConfigCommon field. For D2D communication and discovery, since it has different coverage requirement, like public safety or inter-cell discovery/communication, the required CP length may be different compared to the cellular CP. Based on this reason, it may be beneficial to configure different CP lengths for cellular and D2D service independently.
· Scenario 2: Different D2D channels have different CP length for intra D2D pair/group
Currently there are several defined channels in D2D transmission, such as discovery signals, scheduling assignment (SA), D2D synchronization sequence (D2DSS), and data channel. According to the different functionalities of these channels, it may also make sense to set different CP lengths for different channels. For example, for discovery requirement it may be helpful to use extended CP to guarantee its coverage. On the other hand, for SA and data channels affiliated to the communication, the normal CP length may be enough. A more general concept for this scenario is that different D2D transmission types may have different CP length, such as generally discovery has extended CP and communication has normal CP. 
· Scenario 3: Different D2D pairs/groups have different CP length 
Another scenario is that different D2D pairs/groups may have different CP length. It may depend on what service the D2D pair/group belongs to. Of course, current D2D service is restricted to public safety in broadcast manner. It may also be helpful to allow different CP length for different D2D pairs/groups to accommodate different service or transmission types for forward compatibility. According to this, it would also be possible to set different CP length for different D2D pairs/groups. 
2.2. Potential Problems under Different CP Configuration
The basic problem of having different CP configurations is the inter-symbol interference (ISI) caused by extended CP symbol on normal CP symbol when the extended-CP symbols and the normal-CP symbols are mapped in the same subframe. Several aspects can be considered to resolve the problem of ISI caused by different CP length configuration. 
· Solution 1: Power Setting for Different CP Length Transmission

As discussed in [2], power control can be treated as one potential solution for different CP length configuration. For the protected transmission with high priority/importance, no matter it is cellular transmission or D2D transmission, the transmission power can be set in a high-level. While for the non-protected transmission with low priority/importance, the transmission power can be set in a low-level. However, this solution presents some disadvantages. The first one is about the difficulty to set the power level for the protected and non-protected transmissions. It is hard to predict the interference level caused by different CP. Besides, the scheduling assignment and D2D coverage may also impact the transmission power set. Another problem is that, for our mentioned scenario 2 above, the power setting may not be effective, since it may be hard to set different power levels for one D2D transmission/reception on different channels. 
· Solution 2: Different Subframe Set Configuration for Different CP Length Cell-specifically 
Another solution for ISI caused by different CP length is to define different subframe sets for different CP length transmissions. As shown in Figure 1, some of the subframes affiliated to D2D transmission/reception can be configured only for normal CP, and the remaining subframes affiliated to D2D transmission/reception can be configured only for extended CP. Then, from eNB side, if cellular UL transmission is in extended-CP mode, it can only be transmitted on the subframes belonging to the extended-CP subframe set, and vice versa for normal-CP transmission. The D2D transmitter UE will also follow the CP restriction for all D2D channels. That means that if different D2D channels have different CP length, they will be transmitted on different subframe sets. Only the transmission of D2D and cellular with the same configured CP length can be multiplexed in the same subframe. 

The D2D receiver UE will follow the same CP behaviour based on subframe set. One more advantage for this solution is that for D2D receiver UEs, the identification of different CP lengths on SA and D2DSS can be acquired by the affiliated subframe sets without extra indication. Although for this solution some scheduling restriction will be applied to both cellular and D2D transmission, the ISI problem can be fully resolved without much effort in standardization. 
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Figure 1 Example of Subframe Set Design for Different CP Length
Another interpretation for the subframe set configuration can be based on the current resource pool concept in D2D discussion as shown in Figure 2. 
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Figure 2 Example of Resource Pool Design for Different CP Length

If different resource pools for D2D transmission type or D2D channels are configured, like D2D communication pool or D2D discovery pool, the D2D communication pool can be assigned on the subframe set for normal CP, while the D2D discovery pool can be assigned on the subframe set for extended CP. Of course, the CP length of both D2D communication and discovery pools can be configured by the network. 
Furthermore, for a subframe set configured with mixed CP lengths, different CP length transmissions can be supported via the insertion of a special gap. Figure 3 shows an example for this. The front part of the mixed subframe can be used for the SC-FDMA symbols with normal CP, while the tailed part can be used for the symbols with extended CP. The remaining part in the middle can be treated as the gap. Some high layer signaling can be used to inform both D2D transmitter UE and receiver UE to perform the corresponding rate match on this mixed subframe when meeting the gap. The gap position can be implicitly known if the number of the normal CP symbols is indicated to the UE. 
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Figure 3 Example of Gap Design for Mixed CP Length Subframe

According to the above discussion, we propose that

Proposal: Two subframe sets can be configured by the network for transmission with normal CP and extended CP, respectively, if different D2D channels or transmission types can have different CP length. 
3. Conclusion
In this contribution, we have analyzed the problem when the CP lengths for D2D signals and cellular traffic are independently configured, as well as the scenario when different D2D channels use different CP lengths. For this problem, the following proposal is suggested to RAN1. 
Proposal 1:
· Two subframe sets can be configured by the network for transmission with normal CP and extended CP, respectively, if different D2D channels or transmission types can have different CP length.
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