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1. Introduction
In RAN1#76bis meeting, an agreement was made on synchronization source [1]:
Agreement:
· For out-of-coverage UEs

· Synchronization resources that occur periodically are used for transmitting D2DSS 

· FFS whether PD2DSCH (if supported) is transmitted

· Size of a synchronization resource is FFS

· It is fixed in specification

· Periodicity of synchronization resources is pre-configured 

· Whenever a D2D Synchronization Source transmits on a synchronization resource, it transmits at least D2DSS on the synchronization resource, and receives at least D2DSS on other synchronization resource(s) (which may or may not be pre-configured)

· Which synchronization resource is used for transmission is FFS

· FFS: timing offset between transmit and receive resources

· FFS: possible mechanism to handle the case of other out-of-coverage UEs transmitting on the same synchronization resource as the UE is transmitting on.
After the discussion on synchronization resource allocation in RAN1#77 meeting, some agreements were reached [2]: 
· 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
At RAN1#78 meeting, RAN1 understands “D2DSS transmission configuration” in above agreement to include at least the D2DSS sequences. Regarding to the relationship between D2DSS resource periodicity and transmission periodicity, four alternatives were listed and to be revisited in RAN1 #78bis [3]:
Alt 1:

· D2DSS resource periodicity and transmission periodicity are both the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery
· E///, Sharp

Alt 2:

· D2DSS resource periodicity is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery, but the D2DSS transmission periodicity may be different between D2D discovery and D2D communication

· LGE 

Alt 3:

· Both D2DSS resource periodicity and transmission periodicity can be different between D2D discovery and D2D communication if NW supports both D2D communication and discovery
· QC
Alt 4:

· D2DSS transmission configuration for a given UE is the same between D2D discovery and D2D communication if the UE supports both D2D communication and discovery
· Samsung
In RAN1#78 meeting, the agreement was reached for PD2DSCH.
Agreements:
· For PD2DSCH,

· Only transmitted from synchronization source

· QPSK modulation

· TBCC

· 16bits CRC

· Message scrambling sequence is derived from PSSID

· Multiplexed in the same PRBs with D2DSS

· FFS: Symbols used only for D2DSS and PD2DSCH within a subframe
This contribution addresses resource allocation for synchronization signal and channel, and some remaining issues about D2DSS transmission.
2. D2DSS Subframe Configuration [4]
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 to be discussed later.

When multiple UEs configured with the same D2DSS period transmit D2DSS in different subframes, an extreme case is that each subframe has different D2DSS, as shown in Fig.1. Receiving UEs do not know which subframe contains D2DSS, and have to continuously monitor D2DSS in each subframe, resulting in high power consumption. Furthermore, if D2DSS subframes are not restricted, one UE would not be aware of D2DSS of other transmitting UEs’, leading to potential interference between UE data and D2DSS. For example, as shown in Fig.1, UE1 or UE2 does not know that UE3 is transmitting D2DSS 3 in SF#2, thus when UE1 or UE2’s data is transmitted in SF#2, it would interfere with UE3’s D2DSS.
[image: image1.png][€——D2DSS period 40ms—]

T HTTT

ms

| peoss1 | pepss2 | p2pss3 | pepss4 || p2psss || p2psse - -





Figure 1 An extreme case of D2DSS period: each subframe may reserve resource for D2DSS.
So we can consider a method (currently only for FDD) for D2DSS subframe configuration at least for in converge scenarios, by defining D2DSS subframe configuration period and D2DSS subframe. D2DSS subframe configuration period should not be greater than D2DSS period, i.e., 40 ms.
An example is shown in Fig. 2, D2DSS subframe configuration period is 10 ms and SF#0 in each radio frame is configured to transmit D2DSS. That means UEs can transmit D2DSS only in SF#0 within 40 ms D2DSS period. In this case, four different D2DSS transmissions can be supported in a D2DSS period, if there is no multiplexing of different UE’s D2DSS in one subframe. During the initial search for D2DSS, a UE would continuously monitor at most 10 ms for D2DSS. Once the UE enters the D2DSS tracking stage, it only monitors one D2DSS in each 10ms, which can reduce the power consumption at the receiver. Except for the reserved SF#0 for synchronization in each radio frame, all other subframes can be used for SA or data transmissions.
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Figure 2 D2DSS subframe configuration period of 10 ms and SF#0 in each radio frame configured for D2DSS.
Proposal 1: D2DSS subframe configuration should include D2DSS subframe configuration period and D2DSS subframe at least for in-converge scenarios.
3. D2DSS resource periodicity and transmission periodicity
In Release 12, discovery is considered only in network coverage. For intra-cell and inter-cell discovery in synchronous network deployments, timing reference of Rx UE can be aligned with that of Tx UE without using D2DSS.  D2DSS is needed only in inter-cell discovery for asynchronous network deployments, in order to obtain D2D Tx timing of UEs in neighbouring cells. Via higher layer signalling for discovery, appropriate configuration of receive resource pool can avoid overlapping with transmit resource pool. Thus, D2DSS transmission would not be impacted by the half duplex constraint.
Communication is supported out of coverage and multi-hop may exist in D2D synchronization procedure. Within a synchronization period, D2D UEs get timing reference by detecting D2DSS and may forward D2DSS. To achieve fast synchronization, shorter period of D2DSS resource and D2DSS transmission may be beneficial. Hence, we think Alt 3 is preferable.
Proposal 2: Both D2DSS resource periodicity and transmission periodicity can be different between D2D discovery and D2D communication if NW supports both D2D communication and discovery.
4. Multiplexing between D2DSS and D2D signal
If a D2D UE also transmits D2D signal in D2DSS subframe, the resource for D2D signal may overlap with the resource for D2DSS. To avoid the conflict between D2DSS and D2D signal, some solutions should be considered.
If a D2D UE selects a D2D resource in the D2DSS subframe, the time domain resource that contains the symbols for D2DSS should be punctured to maintain single carrier characteristics. D2D signal can be mapped to the symbols other than those D2DSS symbols in D2D subframe, as shown in Fig.3. For the sake of D2D signal reception, those UEs not transmitting D2DSS can transmit D2D signal as usual.
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Figure 3 Illustration of a potential solution to the resource conflict
For a receiving UE, it can detect D2D signal in D2D subframes by skipping the time resource of D2DSS symbols. For inter-cell D2D in asynchronous deployments, receive resource pool can be configured by higher layer to avoid overlapping with transmit resource pool. 

By this method, D2DSS and D2D signal can be transmitted together in a D2D subframe. Its drawback is the reduced radio resource efficiency as the frequency resource outside the central 6 PRBs in D2DSS symbols cannot be used for D2D signal. Also note that there may be a transient period for transmit power adjustment between D2DSS symbols and adjacent symbols. This would affect D2D transmission and synchronization performance.
The alternative scheme is not to allow D2D signal (SA, data or discovery) transmission in D2DSS subftames, e.g., a UE needs to select from resources not configured for D2DSS transmission. This reduces the total resource available for D2D signal and increases the collision probability to some extent.

An example for D2DSS transmission in SA/data period is shown as Fig. 4, if SA/data is not allowed to be transmitted in D2DSS subframe, for instance, the first subframe and the fifth subframe, the number of available subframes for SA/data transmission would be reduced. This also brings complexity for choosing T-RTP index, since D2D UEs need to exclude D2DSS subframes.
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Figure 4 An example showing the impact of D2DSS resource on SA/data transmission
Proposal 3: To avoid the conflict between D2DSS and D2D signal multiplexed in a subframe, D2D UEs can transmit D2D signals (SA, data or discovery) in different symbols from those for D2DSS.
5. Conclusion
Our suggestions are as follows:
Proposal 1: D2DSS subframe configuration should include D2DSS subframe configuration period and D2DSS subframe at least for in-converge scenarios.
Proposal 2: Both D2DSS resource periodicity and transmission periodicity can be different between D2D discovery and D2D communication if NW supports both D2D communication and discovery.
Proposal 3: To avoid the conflict between D2DSS and D2D signal multiplexed in a subframe, D2D UEs can transmit D2D signals (SA, data or discovery) in different symbols from those for D2DSS.
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