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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#78bis:
Agreements:
· Communication UEs transmitting D2DSS transmit PD2DSCH in in-coverage, out of coverage cases

· In coverage UEs participating only in discovery do not transmit PD2DSCH

· PD2DSCH periodicity is same as D2DSS periodicity 

· PD2DSCH at least contains:

· DFN (already agreed for out of coverage)

· When PD2DSCH is transmitted by a UE in coverage, DFN = SFN of the cell of the UE 

· DFN is represented by 14 bits, comprised of SFN + offset indication

· TDD UL/DL configuration (3 bits)

· When PD2DSCH is transmitted by a UE in coverage, the value corresponds to the cell of the UE

· Field is reserved in case of FDD

· Field is reserved at least when PD2DSCH is transmitted by UEs which are transmitting D2DSS from D2DSSue_oon

· A receiving UE shall assume that any UE which is transmitting D2DSS from D2DSSue_oon is using the same preconfigured value of any reserved field.
However, the remaining 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. It should be noted that from the CR drafts the name of PD2DSCH has changed to PD2DSCH (Physical sidelink broadcast channel) which is used in the following sections.
2
Further discussion on PD2DSCHPD2DSCH
Before discussing the necessary content of PD2DSCH (renamed to PD2DSCH in R12 CR drafts), we should first observe the different functionalities in different scenarios where PD2DSCHPD2DSCH is useful.

2.1
Functionalities of PD2DSCH
The main purpose of PD2DSCH is to carry necessary information for synchronization and also the D2D parameters for D2D system operation. PD2DSCH is transmitted by the synchronization source UE who transmits D2DSS. In some scenarios, especially in case of out-of-coverage, the functionality of PD2DSCH is similar to that of PBCH. 
Whether it is essential or not to carry some specific information using PD2DSCH, depends on how much information a D2D UE can obtain via other means, for example from serving cell or by pre-configuration. Moreover, information carried in PD2DSCH addresses the following needs: minimize impact from out-of-coverage transmissions to cellular network, support reception of D2D transmissions from in-coverage UEs by out-of-coverage UEs, support out-of-coverage D2D communications. In the following we will analyze the content required in PD2DSCH to address the needs identified above.

Interference management of out-of-coverage transmissions impacting on cellular reception
In case of partial coverage, one of the main objectives of transmitting PD2DSCH 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 UE3 and UE4 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 Figure 1, it is clear that there will be interference at the eNB due to the transmission from 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 or reduced by indicating in the PD2DSCH the maximum transmit power allowed in the cell, in which case the out-of-coverage UE can take proper action to limit its transmit power as well. Please note that other power control related parameters are not relevant, given that the out-of-coverage UE is not capable of doing the corresponding measurements. For example, the UE that is out of coverage can apply a pre-configured offset on the value signaled in PD2DSCH to determine its maximum allowed power. The pre-configured power offset could be set as a positive value as by definition the signals transmitted by out-of-coverage UEs are received with lower power at the eNB than the signals transmitted by in-coverage UEs. It also possible to define the pre-configured power offset as a negative value in order to further limit the interference towards cellular network, e.g. due to incomplete control of the out-of-coverage UE’s transmission resources, with a cost on the coverage of D2D transmissions of those out-of-coverage UEs.
Proposal 1: PD2DSCH contains information on maximum transmit power allowed in the cell. UEs that are out-of-coverage

 take this into account as long as they can decode the PD2DSCH.   
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Figure 1 Interference scenario in partial coverage

In TDD systems, interference on DL reception due to a D2D transmission from an out-of-coverage UE may also happen in this partial coverage 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 those pre-configured transmission pools 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 of the nearby cell by reading the corresponding field in PD2DSCH, as agreed in RAN1#78bis. Please note that this may or may not be the exact TDD configuration used in that cell. 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.
In case UEs are not pre-configured with more than one resource pool, or if there are no resource pools that match the TDD configuration to be assumed for the nearby cell, the UEs can then select the best matching pre-configured resource pool and discard those subframes that do not corresponding to UL subframes in the neighboring cell. 

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 PD2DSCH 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 as the possibility of physical layer collision of the PD2DSCH transmitted by UEs 3 and 4.
Based on the observations above, we make the following proposals:

Proposal 2: Relaying of PD2DSCH is not supported. 

Proposal 3: Out-of-coverage UEs select a data resource pool among the pre-configured pools. In case of conflicts with DL of SF subframes indicated in PD2DSCH transmitted by in-coverage UEs, the corresponding subframes are discarded by the transmitting UE. 
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Figure 2 Conflict of information on TX pools in case of PD2DSCH forwarding by UE3 and UE4.
Reception of D2D transmissions from in-coverage UEs by out-of-coverage UEs

The eNB is capable of completely reconfiguring resource pools by means of RRC signaling that has been agreed in RAN1. This implies that in case a resource pool is modified from its pre-configured values, an out-of-coverage UE may not be able to receive any further  information transmitted using that resource pool, unless it is informed of such changes. For Public Safety operations, it is important to ensure that there are sufficient means to guarantee D2D communication is supported in partial coverage scenario, which implies that it is necessary to have at least a minimum number of resource pools which can be assumed to be known by both in-coverage and out-of-coverage UEs.
This can be ensured by either preventing the network from modifying the resource pool information from the pre-configured values stored in the UEs, or by including resource pool information in PD2DSCH. Including resource pool information in PD2DSCH is the most flexible approach, as it does not bring restrictions to eNB configuration. However, the amount of information that is required to signal for all possible resource pools in the cell is prohibitively high given the limited capacity of PD2DSCH. Hence, there is a need to compress the information, which can be achieved by

· Limiting the number of pools that can be signaled in PD2DSCH; 
· Compressing the resource pool information sent in PD2DSCH
Given the limited capacity of PD2DSCH, the most reasonable assumption is that in Rel-12 only one pool can be signaled in PD2DSCH. It is up to eNB implementation how many pools can be configured in the cell, and which ones can be reconfigured from their pre-configured values. It is left FFS what UE behavior is regarding utilization of pools that have been reconfigured from their pre-configured values and which are not signaled in PD2DSCH. 

Compression of resource pool information in PD2DSCH can be obtained by assuming the corresponding resource pool is used only for reception by out-of-coverage UEs, as exemplified in Figure 3. This simplifies the signaling, as PD2DSCH only needs to include information required for decoding SA transmissions, and the information on data transmissions which is not included in the corresponding SA already. 

Proposal 4: PD2DSCH includes information of at least one D2D transmission pool used in-coverage, including all relevant parameters to describe the corresponding resource pool for the purpose of reception only. This information is used by out-of-coverage UEs for reception only.
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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.

3
Compression of resource pool information for PD2DSCH
Table 1 lists the fields for SA and data resource pool, and shows which of those fields are required in PD2DSCH and which ones are not required. Fields related to synchronization source selection or power control are not considered as they are not relevant for PD2DSCH transmission.
Table 1. Fields for SA and data pools required in PD2DSCH
	Name
	Number of bits
	Description
	Required in PD2DSCH

	D2DSS id of the cell  
	9
	D2DSS id that will be used by the UEs that transmit D2DSS. This parameter is relevant to resources of the serving cell.
	No

	SA & Mode 2 data period.
	2
	Period over which resources allocated in a cell for SA, Mode 1 and Mode 2 data transmissions occur. (40, 80,160, 320)
	Yes

	SA cyclic prefix length
	1
	Cyclic prefix length of a SA resource. This parameter is relevant to resource pool of the serving and neighbouring cells. Always the same for in- and out-of-coverage
	No

	Number of PRBs for serving cell's SA resource pool  
	3 - 7
	Length of SA allocation in PRB. This parameter is relevant to resource pool of the serving cell. 
	Yes

	Start PRB offset for serving cell's SA resource pool 
	3 - 7
	SA transmissions on a sub-frame can occur on PRB index greater than or equal to this value and less than saStartPRB+saNumPRB. This parameter is relevant to serving cell.
	Yes

	End PRB offset for serving cell's SA resource pool
	3 - 7
	SA transmissions on a sub-frame can occur on PRB index lesser than or equal to this value and greater than saEndPRB-saNumPRB. This parameter is relevant to resource pool of the serving cell.
	Yes

	Offset indication for serving cell's SA resource pool within a  SA period
	9
	Offset indicator for the first SA period within a SFN/DFN cycle. Here, the start of the saPeriod is with respect to SFN 0 of the serving cell. For out of coverage it is with respect to DFN 0.This parameter is relevant to resource pool of the serving cell.
	Yes

	Bitmap for serving cell's SA resource pool
	24
	Indicates which subframes have resources reserved for SA. The bitmap of SA resources within an SA period starts at the beginning of saPeriod. This parameter is relevant to resource pool of the serving cell.
	Yes

	PUSCH Type 2 hopping parameter used for data pool associated with the SA resource pool of the serving cell
	9
	Used for hopping Type 2 hopping of data if indicated in the SA. This parameter is relevant to resource pool of the serving cell.
	Yes*

	PUSCH Type 2 number of sub-bands used for data pool associated with the SA resource pool of the serving cell
	2
	Number of sub-bands used for Type 2 hopping of data if indicated in the SA. This parameter is relevant to resource pool of the serving cell.
	Yes*

	Hopping RB offset for data pool associated with the SA resource pool
	3 - 7
	This parameter is used for indicating an offset for both Type 1 and Type 2 data hopping if indicated in the SA. This parameter is relevant to resource pool of the serving cell.
	Yes*

	Number of SA reception pools
	4
	Number of pools that are used for reception of SA.   This parameter is relevant to resource pool of the neighbouring cells. These resource pools are transmit pools configured by neighbouring cells.
	No

	Mode 1 data cyclic prefix length
	1
	Cyclic prefix length of a Mode 1 data resource.
	Yes

	Mode 2 data cyclic prefix length
	1
	Cyclic prefix length of a Mode 2 data resource. This parameter is relevant to resource pool of the serving and neighbouring cells.
	Yes

	Mode 2 T-RPT subset
	5
	Indicates the subset of T-RPT are available for Mode 2. Consists of a bitmap which is used to indicate the set of available ‘k’ values to be used for Mode-2 communication. This parameter is relevant to resource pool of the serving cell. 
	No

	Number of PRBs for serving cell's Mode 2 data pool 
	3 - 7
	Length of Mode 2 data allocation in PRB. Does not represent total allocation in a sub-frame. This parameter is relevant to resource pool of the serving cell. 
	Yes*

	Start PRB offset for serving cell's Mode 2 data pool  
	3 - 7
	Mode 2 data transmissions on a sub-frame can occur on PRB index greater than or equal to this value and less than mode2DataStartPRB+mode2DataNumPRB. 
	Yes*

	End PRB offset for serving cell's Mode 2 data pool
	3 - 7
	Mode 2 data transmissions on a sub-frame can occur on PRB index lesser than or equal to this value and greater than mode2DataEndPRB-mode2DataNumPRB. 
	Yes*

	Offset indication for serving cell's Mode 2 data period pool within an instance of saPeriod
	9
	Indicates the start of the mode 2 data with respect to the start of the associated SA period. This parameter is relevant to resource pool of the serving cell.
	Yes

	Bitmap for serving cell's Mode 2 data pool
	40 for FDD, 42 for TDD
	Indicates which subframes have resources reserved for Mode 2 data. The bitmap refers to the set of subframes that start after the offset indicated by mode2DataOffsetIndicator. 
	Yes

	Total number of bits required in PD2DSCH
	116 – 144 (FDD)

118 – 146 (TDD)
	Note: 116, 123, 130, 137, 144, 144 for 1.5, 3, 5, 10, 15 and 20 MHz bandwidths, respectively (in FDD).
	


Further simplification is possible in case frequency hopping is disabled for data resource pools which are included in PD2DSCH, as in this case it is not required to send in PD2DSCH parameters defining the hopping scheme, as well as parameters defining the PRBs for the Mode 2 data resource pool. This implies saving 23 – 39 bits from the fields marked by Yes* in Table 1 above.
Observation 1: If frequency hopping is assumed to be disabled for data resource pools which are included in PD2DSCH, it is possible to further compress resource pool information in PD2DSCH to 93 - 105 bits (FDD) or 95 – 107 bits (TDD). 
It should be noted that UEs may be pre-configured with bandwidth and duplexing mode, in which case it is possible to adapt the size of PD2DSCH to match the pre-configuration of the UEs that are expected to operate in the system. In case there is a mismatch, then the receiving UE may try different assumptions for PD2DSCH in order to assess the actual configuration. At least for bandwidth information this is assumed to be an error case and not part of regular operation. If testing of different assumptions on PD2DSCH length is to be avoided in any case, then PD2DSCH contents should be designed for the worst case, i.e. TDD with 20MHz bandwidth, with padding on corresponding fields for other system configurations.

4
Summary of PD2DSCH content

As discussed in section 2.1, the content that should be transmitted in PD2DSCH 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 PD2DSCH is summarized in Table 2 below for 10 MHz FDD:

Table 2 Information carried by PD2DSCH
	Name
	bits
	Description

	D2D frame number
	14
	D2D frame index. 

	D2D transmission resource pool
	116-144 (93 – 105)
	Indication of the allocated resource pool for in-coverage D2D transmission, in case it is different from pre-configured pools. If hopping is disabled, only 96-108 bits are needed for FDD system.

	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 power
	3
	Transmission power to be used out-of-coverage

	Stratum level
	2*
	Indicating the stratum level, if not indicated by partitioning of D2DSS sequences
*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 2 as the contents for PD2DSCH.
3
Conclusion

In this contribution, firstly we discussed the necessity of PD2DSCH with different level of network coverage. And based on the analysis we have the following observation and proposals:
Proposal 1: PD2DSCH contains information on maximum transmit power allowed in the cell. UEs that are out-of-coverage

 take this into account as long as they can decode the PD2DSCH.   

Proposal 2: Relaying of PD2DSCH is not supported. 

Proposal 3: Out-of-coverage UEs select a data resource pool among the pre-configured pools. In case of conflicts with DL of SF subframes indicated in PD2DSCH transmitted by in-coverage UEs, the corresponding subframes are discarded by the transmitting UE.
Proposal 4: PD2DSCH includes information of at least one D2D transmission pool used in-coverage, including all relevant parameters to describe the corresponding resource pool for the purpose of reception only. This information is used by out-of-coverage UEs for reception only.
Observation 1: If frequency hopping is assumed to be disabled for data resource pools which are included in PD2DSCH, it is possible to further compress resource pool information in PD2DSCH to 93 - 105 bits (FDD) or 95 – 107 bits (TDD).
Proposal 5:
Agree on the fields given in Table 2 as the contents for PD2DSCH.
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