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1. Introduction
After the discussion on synchronization resource allocation in RAN1#77 meeting, there were some agreements are reached by following [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
This contribution addresses resource allocation for synchronization signal and channel.
2. D2DSS Subframe Configuration
In the above agreement, it can be seen that the receiver should be informed implicitly or explicitly on which time resources and sequences it should monitor. This problem is related the configuration of D2DSS subframe which is discussed in this chapter.

At present, D2DSS subframe configuration has received less attention. When a lot of UEs which has the same D2DSS period starts to transmit D2DSS in different subframe, the limiting case is that each subframe may have different UE’s D2DSS, as shown in Fig.1. Receiving UEs do not know which subframe contains D2DSS, and have to continuously monitor D2DSS in each subframe, causing significant power consumption. Furthermore, if D2DSS transmission subframe is not restricted, one UE would have difficulty in acquiring D2DSS of other transmitting UEs’, leading to serious interference from UE data transmission to D2DSS transmission. For example, as shown in Fig.1, UE1 or UE2 does not know that UE3 is transmitting D2DSS 3 in subframe 2, thus when UE1 or UE2’s data is transmitted on the subframe 2, it will interference UE3’s data.
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Fig. 1 In a D2DSS period, each subframe may reserve resource for D2DSS.
So we suggest that D2DSS subframe configuration should be defined at least for in converge scenarios, including D2DSS subframe configuration method (currently only for FDD) and the notification method for D2DSS subframe configuration. In this section, we will describe the two problems in detail.
2.1 D2DSS Subframe Configuration Method [2]
There are two parameters should be defined, one is D2DSS subframe configuration period, another is the number of D2DSS subframe N in the D2DSS subframe configuration period. The combination of these two parameters represents that synchronization resource takes up certain percentage of the total system resources. There are three configuration methods of D2DSS subframes.
1. Method 1: only one D2DSS subframe is configured in each D2DSS subframe configuration period, and D2DSS subframe configuration period is not greater than D2DSS period. For example, the following D2DSS period is 40ms.
For example, as shown in Fig. 2, D2DSS subframe configuration period is 10 ms and subframe #0 in each radio frame is configured to transmit D2DSS. That means all the UEs may transmit D2DSS only in subframe #0 and keep the 40ms D2DSS period. If not considering the multiplexing of different UE’s D2DSS, then four different D2DSS transmissions are supported in a D2DSS period. When a receive UE starts the initial search for D2DSS, it will continuously monitor at most 10 ms to obtain D2DSS. When the UE tracks D2DSS, it only monitors one D2DSS in each 10ms which greatly reduces the power consumption at the receiver. In addition, except for reserved subframe #0 of each radio frame for synchronization resource, the rest of subframe can all be used for SA or data transmission.
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Fig. 2 D2DSS subframe configuration period is 10 ms and subframe #0 in each radio frame is configured to transmit D2DSS.
As shown in Fig. 3, D2DSS subframe configuration period is 20 ms and subframe #1 in each two radio frame is configured to transmit D2DSS. If not considering the multiplexing of different UE’s D2DSS, then two different D2DSS transmission are supported in a D2DSS period. Similarly, if one D2DSS subframe is configured in each 5ms, then eight different D2DSS transmissions are supported in a D2DSS period.
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Fig. 3 D2DSS subframe configuration period is 20 ms and subframe #1 in each two radio frame is configured to transmit D2DSS.
2. Method 2: N continuous D2DSS subframe is configured in a D2DSS subframe configuration period, and D2DSS subframe configuration period is not greater than D2DSS period. The value of N depends on D2DSS subframe configuration period or it can be predefined. In this case, D2DSS subframe configuration period should not be too short, e.g., at least more than 20ms.
As shown in Fig. 4, D2DSS subframe configuration period is 20ms and subframes #0 and #1 in each two radio frame are configured to transmit D2DSS. If not considering the multiplexing of different UE’s D2DSS, then four different D2DSS transmission can be supported in a D2DSS period. For the initial search for D2DSS, a receiver UE will continuously monitor at most 20ms to obtain D2DSS. When the UE tracks D2DSS, it only monitors the first two subframes for D2DSS in each 20ms.
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Fig. 4 D2DSS subframe configuration period is 20ms and subframe #0 and #1 in each two radio frame is configured to transmit D2DSS.
Another example is shown in Fig. 5 where D2DSS subframe configuration period is 40ms and subframes #0, #1, #2 and #3 in each four radio frame are configured to transmit D2DSS. If not considering the multiplexing of different UE’s D2DSS, four different D2DSS transmission can be supported in a D2DSS period. For the initial search for D2DSS, a receiver UE will continuously monitor at most 40ms to obtain D2DSS. When the UE tracks D2DSS, it only monitors the first four subframes for D2DSS in each 40ms.
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Fig. 5 D2DSS subframe configuration period is 40ms and subframe #0, #1, #2 and #3 in each four radio frame is configured to transmit D2DSS.
3. Method 3: N discrete D2DSS subframe is configured in a D2DSS subframe configuration period, and D2DSS subframe configuration period is not greater than D2DSS period. Method 3 and method 2 are essentially the same.

For example, as shown in Fig. 6, D2DSS subframe configuration period is 20ms and subframes #0 and #5 in each two radio frame are configured to transmit D2DSS.
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Fig. 6 D2DSS subframe configuration period is 20ms and subframe 0 and 5 in each two radio frame is configured to transmit D2DSS.
Proposal 1: Two parameters should be defined, D2DSS subframe configuration period and the number of D2DSS subframe N in the D2DSS subframe configuration period. The values of these two parameters would depend on D2DSS period, the complexity of UE synchronization signal detection, and the power consumption of UE.
2.2 The Notification for D2DSS Subframe Configuration
The detailed configuration scheme depends on the coverage scenarios.

1) In case of in/partial network coverage, eNB would semi-statically configure two common parameters for all the in-coverage UE by using RRC signalling, i.e. D2DSS subframe configuration period and the number of D2DSS subframe N in the D2DSS subframe configuration period.
2) In case of out of network coverage, a set of fixed subframe are configured for the transmission of D2DSS.

Proposal 2: In case of in/partial network coverage, D2DSS subframe configuration is indicated by eNB using RRC signalling. In case of out of network coverage, the fixed configuration scheme is adopted.
3. Multiplexing of Synchronization Resources
When a D2D UE transmits D2DSS/PD2DSCH, it must first acquire the information about on which subframe and frequency resources it can transmit synchronization signal and channel. Otherwise, the D2D UE’s synchronization signal in a subframe may interfere with other D2D UE’s data. In this section, we will discuss the multiplexing for different UE’s D2DSS/PD2DSCH. There are two multiplexing schemes of synchronization resource.
1. TMD - Different UE’s D2DSS/PD2DSCH are sent on different subframe in the same frequency positions
In case of within/partial network coverage, eNB will semi-statically configure a set of synchronization subframes for all the in-coverage UE via RRC signalling. For each UE can monitor synchronization subframes to find which is vacant so that it can transmit its own synchronization signals. Alternatively, eNB can semi-persistently schedule synchronization subframe for each in-coverage UE using a new UE-specific control signalling which can be carried by physical-layer signalling or UE-specific RRC signalling. 
In case of out of network coverage, a set of fixed subframe are configured for the transmission of synchronization signals and the transmitters would compete the resources for D2DSS transmission.
This scheme may help to avoid interference between different UE’s synchronization signals. However, for the receiver UE, it will continue to receive D2DSS from different transmitter on a set of D2DSS subframe and select one or more timing to align. This scheme not only increases the power consumption of the receiver UE, but also increases the hardware complexity of the receiver UE to detect the sync signal. In addition, especially in the case within/partial network coverage, all the in-coverage UE transmit the same sync reference from eNB, if these sync reference is transmitted in the different subframe, it can not obtain SFN combining gain in the receiver UE and has a great waste of system resources.
2. SFN – All the UE’s D2DSS/PD2DSCH are sent on the same frequency resources of the same subframe
In case of within/partial network coverage, all in-coverage UEs transmit the same synchronization reference from eNB under the control of eNB. Although there will be some deviation between different UE’s synchronization references, basically can be guaranteed within the scope of the CP. Hence if these synchronization signals can be transmitted in the same time-frequency resources, it is helpful for receive UEs to realize SFN combing and the improvement of the transmission reliability of the sync signal. In addition, due to synchronization resources are usually limited, if different UE’s D2DSS is force to transmit on different subframe, then there are too many UEs transmitting D2DSS and occupying too many resources.
In case of out of network coverage, it is unlikely that D2DSS of different groups happen to be in the same time-frequency resources. Therefore, the multiplexing of synchronization resource among different groups may not need to be optimized. Within the same group, since different synchronization sources transmit the same synchronization reference in the same resources, SFN combining can be performed.
Proposal 3: SFN combining should be considered in different coverage scenarios. 
4. Conclusion
Our suggestions are as follows:
Proposal 1: Two parameters should be defined, D2DSS subframe configuration period and the number of D2DSS subframe N in the D2DSS subframe configuration period. The values of these two parameters would depend on D2DSS period, the complexity of UE synchronization signal detection, and the power consumption of UE.
Proposal 2: In case of in/partial network coverage, D2DSS subframe configuration is indicated by eNB using RRC signalling. In case of out of network coverage, the fixed configuration scheme is adopted.
Proposal 3: SFN combining should be considered in different coverage scenarios.
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