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1
Introduction
D2D synchronization, one of the essential topics applicable to both D2D communication and discovery, has been discussed over several RAN1 meetings. However, there are still quite many open issues on top of the current agreements. One of the open issues is the information carried by PD2DSCH. 
In RAN1#78, the following was agreed [1] 
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”

In addition, from RAN1#77 [2]:
Agreements:
· PD2DSCH is specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number

· D2D frame number is a frame number used for D2D communication

· FFS: Detailed of D2D frame number

· FFS: Whether and how to resolve conflict of D2D UEs with different knowledge of D2D frame number

· SD2DSS is specified

· If D2D transmitter is in-coverage, D2D frame number is derived from SFN

Hoewever, the content of PD2DSCH still remains unclear and has not been agreed yet within RAN1. In this contribution, we will discuss the potential content for PD2DSCH. From the CR draft the name of PD2DSCH has changed to PSBCH (Physical sidelink broadcast channel) which is used in the following sections.
2
Further discussion on PSBCH
Before discussing the necessary content of PSBCH, we should first observe the different functionalities in different scenarios where PSBCH is useful.

2.1
Functionalities of PSBCH
The main purpose of PSBCH is to carry necessary information for synchronization and also the D2D parameters for D2D system operation. PSBCH is transmitted by the synchronization source UE who transmit D2DSS. In some scenarios, especially in case of out-of-coverage, the functionality of PSBCH is similar to that of PBCH. 
Whether it is essential or not to carry some specific information using PSBCH, depends on how much information a D2D UE can obtain via other means, for example from serving cell or by pre-configuration. In the following we will address the potential needs for PSBCH for UEs in different situations.

Support for inter-cell communication and discovery
Considering the case of in-coverage scenario, PSBCH is mainly relevant for inter-cell D2D operation. Since the details of inter-cell synchronization procedure have not been agreed yet including details on how a UE knows the location of D2D resource pool from neighboring cells in asynchronous deployments, PSBCH may be one option to facilitate the inter-cell D2D operation. However, based on the proposed RRC parameters [3], the UE can obtain neighboring cells’ D2D resource pool information from its serving cell, if the serving cell is able to indicate a relevant offset. Another way as proposed in [4] is to use the first sub-frame of the transmission pool for at least SA and discovery for transmitting the PD2DSS and SD2DSS by the transmitting UEs. Based on the detected D2DSS (i.e. PD2DSS and SD2DSS), one UE can determine the physical layer sidelink synchronization identity 
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of neighboring cells [4] and also the starting point of D2D resource pool from neighbor cells. In addition, TDD configuration associated with the reception pool is also included in the RRC parameter list. Based on this discussion, PSBCH may be not needed for inter-cell D2D operation. 
Observation 1: PSBCH is not necessary for inter-cell D2D operation in synchronous deployments, and in all deployments where eNB can indicate the offset relative to SFN in serving cell. It is FFS if the frame number is needed for asynchronous deployments, pending on conclusions on how to interpret the offset indication in RRC parameters. 
Interference management of out-of-coverage transmissions impacting cellular reception
In case of partial coverage, one of the main objectives of transmitting PSBCH is to reduce potential interference between D2D links and WAN links. For example as shown in Figure 1, where UE1 and UE 2 are within NW coverage while UE1 and UE2 are out of coverage. Without any coordination between these UEs, UE1 and UE4 may use the same resource for WAN communication and D2D communication, respectively. As indicated in the figure, obviously there will be interference at the eNB by transmissions of UE4. Considering the possible high TX power from UE4 and the small difference in distance between UE1 and U4 with respect to the eNB, the UL interference created by UE4 may be severe. Such interference can be mitigated by indication of the maximum transmit power used in the cell. Please note that other power control related parameters are not relevant, given that the UE is not capable of doing the corresponding measurements.
Proposal 1: PSBCH may carry information on maximum transmit power used in the cell. This information can then be taken into account by UEs that are out-of-coverage. 

[image: image2.emf]UE4

UE1

UE2

UE3

Signal link

Interference link


Figure 1 Interference scenario in partial coverage

In TDD systems, DL reception interference due to a D2D transmission from an out-of-coverage UE may also happen in this scenario. In order to avoid such interference situation, the out-of-coverage D2D UE needs to avoid transmissions in the conflicting subframes, which can be achieved by:

1) Use only the pre-configured transmission pool(s) that do not conflict with the TDD configuration used in the nearby cell,
2) Use the same transmission pool(s) as the nearby cell, even if different from pre-configured ones.
For solution 1) it is sufficient that the UE knows the TDD configuration to assume for the nearby cell, which may or may not be the exact TDD configuration used in that cell. Alternatively, it can be explicitly indicated which of the pre-configured pools the D2D UE is allowed to use. This solution ensures smooth communications with other out-of-coverage UEs, which would be in any case trying to receive D2D transmissions in the pre-configured resource pools. It is implicitly assumed that a UE is pre-configured with more than one transmission resource pool, which is inline with the RAN1#78 agreement on up to 4 transmission pools being configured for a UE [1], which is also reflected in the current version of agreed RRC parameters [3]. 
For solution 2), it is required that an in-coverage UE broadcasts information defining the resource pool to be used. In this case it is critical to ensure that all out-of-coverage UEs are aware of the same information, otherwise reception of D2D transmissions by the UEs in partial coverage is not guaranteed. It should be noted here that it is not sufficient to simply relay the PSBCH information further, as conflict situations may arise and they need to be resolved in order to ensure communications in all scenarios. One such case is illustrated in Figure 2, where UEs 1 and 2 are in different cells using different TX pools. Those UEs send information about the Tx pools to their immediate neighborhood, and those are eventually heard by UEs 3 and 4. Once UEs 3 and 4, relay that information further, UE 5 receives conflicting indication, which would need to be resolved. It should be considered as well the possibility of physical layer collision of the PSBCH transmitted by UEs 3 and 4.
Based on the observations above, we make the following proposals:

Proposal 2: Relaying of PSBCH is not supported. 

Proposal 3: PSBCH is used to send information by in-coverage UE about which of the pre-configured transmission pool(s) can be used for transmission by a nearby out-of-coverage UE (i.e. an out-of-coverage UE that can decode the corresponding PSBCH).
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Figure 2 Conflict of information on TX pools in case of PSBCH forwarding by UE3 and UE4.
Please note that the observations above on potential conflicts from relaying transmission pool information carried by PSBCH applies in general to other potential information, e.g. system bandwidth as well. In this case, a UE that has detected D2DSS transmission but has not decoded the PSBCH is also prevented from receiving D2D transmissions as long as the system bandwidth used in the transmit pool is different from the pre-configured ones. The situation is even more complex in case of conflicting indications received by different UEs, as in Figure 2. 
In case there is a need to configure a different system bandwidth in the network than the pre-configured system-bandwidth, the simplest solution is to utilize a different transmission pool for in-coverage UEs comparing to the one used by out-of-coverage UEs. The out-of-coverage UEs need to be signaled about this transmission pool information used by in-coverage UEs, including the corresponding system bandwidth, which can be conveyed by means of PSBCH. However, the out-of-coverage UE must still use one of the pre-configured pools for transmission, with the pre-configured system bandwidth, in order to maintain communication with other out-of-coverage UEs. Since the in-coverage UEs are aware of the pre-configured parameters, they can still perform reception of the D2D transmissions by the out-of-coverage UEs. An example situation is represented in Figure 3. 
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Figure 3 Configuration of a pool for transmission which is different from the pre-configured pools. ‘TX’ indicates that transmission and reception is possible in the pool, while ‘RX’ indicates that only reception is allowed by the UE. 

Proposal 4: PSBCH may transmit information about the D2D transmission pool used in-coverage, including all relevant parameters to describe the corresponding resource pool. This information is used by the receiver of PSBCH for reception only.

2.2
Content for PSBCH
As discussed in section 2.1, the content that should be transmitted in PSBCH depends on the coverage situation, network deployment, network configuration, and hence the possible content may be vary according to the scenarios. The potential information carried by PSBCH is summarized in the following table:

Table 1 Information carried by PSBCH 
	Name
	bits
	Description

	D2D frame number
	10
	D2D frame index. FFS if needed in-coverage, especially for synchronized networks.

	D2D transmission resource pool
	FFS
	Indication of the allocated resource pool for in-coverage D2D transmission, in case it is different from pre-configured pools.

	System BW for in-coverage transmission pool
	3
	System bandwidth for in-coverage transmission pool, if needed. Parameter is used for reception only. 

	TDD/FDD configuration
	3
	Indication of the duplexing schemes and the configurations in case of TDD, which is required to define the resource pool

	D2D transmission resource pool for out-of-coverage UEs
	FFS
	Indication of which of the pre-configured resource pools to be used by out-of-coverage UEs

	D2D transmission power
	FFS
	Transmission power to be used out-of-coverage

	Stratum level
	2*
	Indicating the stratum level

*Note: in case agreed by RAN1 to support multiple hops, and then dependent on corresponding agreement on maximum number of hops. 


Proposal 5:
Agree on the fields given in Table 1 as the contents for PSBCH.
3
Conclusion

In this contribution, firstly we discussed the necessity of PSBCH with different level of network coverage. And based on the analysis we have the following observation and proposals:
Observation 1: PSBCH is not necessary for inter-cell D2D operation in synchronous deployments, and in all deployments where eNB can indicate the offset relative to SFN in serving cell. It is FFS if frame number is needed for asynchronous deployments, pending on conclusion on how to interpret the offset indication in RRC parameters.
Proposal 1: PSBCH may carry information on maximum transmit power used in the cell. This information can then be taken into account by UEs that are out-of-coverage.
Proposal 2: Relaying of PSBCH is not supported. 

Proposal 3: PSBCH is used to send information by in-coverage UE about which of the pre-configured transmission pool(s) can be used for transmission by a nearby out-of-coverage UE (i.e. an out-of-coverage UE that can decode the corresponding PSBCH). 
Proposal 4: PSBCH may transmit information about the D2D transmission pool used in-coverage, including all relevant parameters to describe the corresponding resource pool. This information is used by the receiver of PSBCH for reception only.

Proposal 5:
Agree on the fields given in Table 1 as the contents for PSBCH.
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