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1. Introduction
At the RAN1 #77 meeting, the working assumption on timing was agreed as follows [1]:
· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery

· For Type 1 discovery

· For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals

· If Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB
· The same PD2DSS and SD2DSS sequences is used for D2D communication
· Else sequence transmitted can be configured using dedicated RRC signaling

· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS

· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured

· FFS: If all discovery UEs transmit D2DSS
In this contribution, we mainly discuss the remaining issues of D2DSS transmission for discovery.
2. Transmitting UEs for D2DSS
At the RAN1 #77 meeting, it was agreed that the first subframe of the transmission pool within a discovery period can be used for transmitting D2DSS. But it is FFS whether all discovery UEs transmit D2DSS. 
Assuming there is only one timing reference for D2D transmission, if all discovery UEs in a cell transmit D2DSS, it would be beneficial to receiving UEs as the received power can be combined. It allows wider coverage of D2DSS. On the other hand, if only some discovery UEs transmit D2DSS, the interference to WAN or discovery signals can be reduced.
With the above consideration, the indication of D2DSS transmission can be configured using SIB for all UEs participating D2D discovery. In the case that certain percentage of UEs can transmit D2DSS, UEs can decide on their own whether to relay D2DSS based on a certain criterion, RSRP. In this way, eNodeB can signal all UEs a threshold of RSRP via SIB. Those UEs receiving RSRP higher than RSRP threshold would transmit D2DSS. As shown in Fig.1. UE1, UE2, and UE3 transmit D2DSS, and UE4 and UE5 do not transmit D2DSS.
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 Figure 1 an example for a criterion basing on RSRP
From the descriptions above, it is reasonable to assume that all discovery UEs should have the capability of transmitting D2DSS. However, whether a UE would indeed send D2DSS should depend on whether this UE’s RSRP meets some threshold signaled by eNB.
Proposal 1: UEs can decide whether to transmit D2DSS based on RSRP.
3. Transmission Period and Offset
Considering the low power consumption and relatively small interference D2DSS would incur, it may not be necessary for all UEs to transmit D2DSS in every discovery period always. An integer N may be defined as a factor with respect to the transmission period of D2DSS. The value of N can be signaled via SIB. Discovery UEs transmit D2DSS in the first sub-frame of discovery period within a transmission period which is N times the length of discovery period. In a transmission period, a UE can send D2DSS one time based on transmission offset that can be derived from N and UE identification such as IMSI, and UEs with different transmission offset transmit D2DSS in different discovery period, as shown in Fig.2.
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Figure 2 an illustration for D2DSS transmitting period and transmitting offset
Proposal 2: Transmission period and transmitting offset can be considered for D2DSS transmission. The transmission period is N times discovery periods. And N can be configured via SIB.
4. Type 2B Discovery
For Type 2B discovery UEs that are RRC connected, it is feasible to indicate UEs whether to transmit D2DSS using dedicated RRC signaling. In this way, eNB can instruct discovery UEs to transmit D2DSS in UE-specific manner and low UE power consumption and effective interference coordination can be achieved.
Such UE-specific configuration can include transmission period, transmission offset and duration indicating the valid time of the configuration.
For a receiving UE, it would know which resource pool may carry D2DSS by a RRC parameter corresponding to neighboring cell ID in SIB. And a trigger event may be needed to update RRC parameters without delay.
Proposal 3: For Type 2B, eNB can inform UEs of transmission period, transmission offset and duration for D2DSS transmission by dedicated RRC signaling.
5. Conflict between D2DSS and Discovery Signal
According to the agreement of the RAN1 #77 meeting, discovery UEs would transmit D2DSS in the first sub-frame within a discovery period and in the 6 PRBs centrally symmetric around DC frequency. If a D2D UE also transmits discovery signal in the first sub-frame, the resource for discovery may overlap with the resource for D2DSS, as illustrated in Fig.3 (only the case of 2 symbols for D2DSS is shown).
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Figure 3 an illustration for the conflict between D2DSS and discovery signal
In order to avoid the conflict between D2DSS and D2D signal in transmission resource, some solutions should be considered. For a discovery UE, it can select resource in any sub-frame of the transmission pool for discovery. If it selects a discovery resource in the first sub-frame, the time resource corresponding to the symbols for D2DSS should be punctured to maintain single carrier characteristics and the reusing the processing of UE transmitter. Discovery signal will be mapped to the symbols different from D2DSS symbols in the first sub-frame, as shown in Fig.4. For the sake of discovery signal reception, those UEs that need not transmit D2DSS can still transmit discovery signal as above if them allocate discovery resource in the first sub-frame within a discovery period.
For a receiving UE, it can detect discovery signal in the first sub-frame within discovery period by skipping the time resource in D2DSS symbols.
By this method, D2DSS and discovery signal can be transmitted together in the first sub-frame without overlap. But it is not good for radio resource efficiency and the frequency resource other than the central 6 PRBs in the D2DSS symbols could not be used for discovery signal. Note that there may be a transient period for transmit power adjustment between the D2DSS symbol and an adjacent discovery signal symbol. This would also affect discovery and synchronization performance.
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Figure 4 An illustration of one solution to the resource conflict
As another solution, a discovery UE selects a discovery resource on the basis of D2DSS transmission. If a UE transmits D2DSS in the first sub-frame within discovery period, it can transmit discovery signal in other sub-frames instead of the first sub-frame. This can be realized by means of reselecting resource in other sub-frames or giving up the first transmission in the first sub-frame. On the other hand, if a discovery UE does not need to transmit D2DSS in the first sub-frame, it can transmit discovery signal in the first sub-frame. Excluding the central 6 PRBs which maybe be occupied by D2DSS from other discovery UEs, the frequence resource in D2DSS symbols can be used for discovery signal transmission, as shown in Fig.5. 
For a discovery receiving UE, it can detect discovery signal in the first sub-frame within discovery period by skipping the time-frequence resource of D2DSS.
In this way, the waste of resource in D2DSS symbol caused by conflict between D2DSS and discovery signal would be mitigated while extra processing of resource allocation to confirming whether D2DSS is transmitted in the first sub-frame would be introduced to transmitting UEs.
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Figure 5 An illustration of one solution to the resource conflict
Proposal 4: To avoid the conflict between D2DSS and D2D signal, discovery UEs can transmit discovery signal in different symbols with D2DSS or different time- frequency resource with D2DSS.
6. Conclusion
As discussion on D2DSS transmission above, we have following proposals.
Proposal 1: UEs can decide whether to transmit D2DSS based on RSRP.
Proposal 2: Transmission period and transmitting offset can be considered for D2DSS transmission. The transmission period is N times discovery periods. And N can be configured via SIB.
Proposal 3: For Type 2B, eNB can inform UEs of transmission period, transmission offset and duration for D2DSS transmission by dedicated RRC signaling.

Proposal 4: To avoid the conflict between D2DSS and D2D signal, discovery UEs can transmit discovery signal in different symbols with D2DSS or different time- frequency resource with D2DSS.
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