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1. Introduction
The necessity of PD2DSCH was discussed in RAN1#76bis and the following issues were listed as further study points:

· Further investigation is needed until RAN1 #77 meeting about followings

· Information on the resources in which D2D transmission can/cannot occur can be forwarded by D2D UE who obtained it from eNB
· Interference from out of coverage D2D UE to LTE NW

· Necessity of this information

· Inter-cell resource alignment
This contribution discusses what information needs to be shared between in-coverage UEs and out-coverage UEs and how the signaling can be defined.
2. Information sharing between in- and out-coverage UEs
In general, UEs communicating with each other need to be synchronized not only in time and frequency but also in the parameters used for signal transmission and reception. We can list such parameters as follows:

· System bandwidth: LTE system supports flexible system bandwidth by the signaling via PBCH. An out-coverage UE need to know the system bandwidth configured for an in-coverage UE for communications.

· CP length: It was agreed that the CP length of D2D signals can be configured independently of that of WAN signals. Thus, an out-coverage UE needs to know the CP length used by D2D transmissions/receptions in an in-coverage UE.
· Radio frame number and subframe index: In the current PUSCH transmissions, the scrambling sequence and DM RS sequence change according to the time index which is represented by the radio frame number and subframe index. If this principle is reused in D2D transmissions, in- and out-coverage UEs need to be synchronized in terms of this time index. We note that the number of bits used for this purpose is dependent of any restriction on the transmission instance of D2DSS/PD2DSCH.
· Resource configuration: An in-coverage UE will perform D2D only in a subset of subframe in order to do WAN TX in the other subframes. Hence, if an out-coverage UE is not aware of the subframe set in which the in-coverage UE listens to D2D, its D2D transmission will not be received by the in-coverage UE. Also, if the eNB wants to limit interferences caused by out-coverage UEs (e.g., interference from out-coverage D2D to DL reception of in-coverage UEs in TDD), the eNB can configure a resource pool which the D2D transmissions of out-coverage UEs are limited to.
It may be possible to inform the CP length by using D2DSS similarly to the current PSS/SSS structure. Alternatively, the CP length of D2D can be explicitly signaled by a D2D channel which uses a default CP length. All the other information in the above list should be shared between in- and out-coverage UEs before the D2D transmission/reception starts. Considering the amount of this information, using D2DSS would be insufficient, which requires the introduction of PD2DSCH. We note that PD2DSCH can play the role of the configuration of the completeness of the synchronization, i.e., the UE can verify the synchronization acquired from D2DSS detection if it successfully decodes the associated PD2DSCH.
Regarding the resource configuration discussed above, depending on the bit width supported by PD2DSCH, it can be conveyed via PD2DSCH, the D2D data channel, or a kind of hybrid method. As an example of the hybrid method, PD2DSCH can contain a D2D subframe pattern with a limited number of bits in order to indicate the subframes in which D2D transmission/reception is possible. A D2D UE receiving this indication transmits or receives D2D signals only in the subframe indicated by D2D subframe pattern when the associated D2DSS is used as the synchronization reference. As an example, if D2DSS/PD2DSCH is transmitted from a UE associated with a cell, the D2D subframe pattern is a set of UL subframes on which D2D operation is allowed by the eNB. We note that this information can provide additional information compared to simply providing TDD UL/DL configurations because it contains the information on which subframe D2D is allowed and it is also usable for FDD. In case of outside network coverage, a UE locating at the overlapping area of two D2D synchronization clusters can switch between the two clusters in a TDM manner by receiving the subframe pattern. More detailed information on the resource pool configuration (including any necessary parameters) can be signaled via D2D communication channel for more flexibility as discussed in [1]. 

Once PD2DSCH is introduced, it can contain the following additional information which is used during the synchronization procedure:

· Stratum level: This indicates that how many times the D2DSS/PD2DSCH is relayed. If the counter reaches the max value, a UE cannot relay D2DSS to others. Also, combining synchronization type indicator above, the level would be a main criterion that selects one D2DSS from multiple D2DSSs. Detailed procedures are described in [2].

· Expiration time: This indicates that how long the synchronization source will keep transmitting the D2DSS/PD2DSCH. The source can stop its transmission after the indicated duration, for example, to save its battery or to change the synchronization hierarchy in adaptation to the UE mobility. After the duration, the D2DSS is expired and a UE transmitting the D2DSS and its connected UEs may search for another D2DSS or contend to transmit their own D2DSS.
In summary, we propose to define PD2DSCH in order to send the information in the following table. Here, we assume that the synchronization reference ID is not included in PD2DSCH because it is identified by the DM RS of PD2DSCH as discussed in the next section. In addition, the table assumes the hybrid method for the D2D resource pool signaling, i.e., PD2DSCH sends a subframe pattern usable for D2D transmissions/receptions while detailed resource pool configuration is delivered via a data channel. Also, it was assumed that CP length is indicated by PD2DSCH.
Table 1. An example of information delivered in PD2DSCH.

	Field
	Length
	Remark

	System bandwidth
	3
	

	CP length
	1
	Not necessary if it can be indicated by D2DSS

	Radio frame number
	10, assuming no restriction in transmitting D2DSS/PD2DSCH
	The length will be shorter if there is any restriction in the radio frame that can contain D2DSS/PD2DSCH transmissions

	Subframe index
	4, assuming no restriction in transmitting D2DSS/PD2DSCH
	The length will be shorter if there is any restriction in the subframe index that can contain D2DSS/PD2DSCH transmissions

	D2D subframe pattern
	10, for example
	It can be a bitmap of D2D subframes with a predetermined period (10ms in this example).

	Stratum level
	2, for example
	This represents the hop count from the origin of the synchronization reference.

	Expiration time
	2, for example
	This represents when the synchronization source will stop its D2D transmission.


In the above table, PD2DSCH contains 32 information bits and the size becomes 48 bits if 16-bit CRC is added. We note again that the final PD2DSCH size can be smaller depending on the design details.
Proposal 1: PD2DSCH is supported and used to send the following information:
· System bandwidth, CP length (if not indicated by D2DSS), radio frame number, subframe index, D2D subframe pattern, stratum level, expiration time.

3. Physical format of PD2DSCH
As already agreed, PD2DSCH is based on the current PUSCH structure. As each PD2DSCH needs to be associated with D2DSS, we can consider two possibilities on the PD2DSCH multiplexing: One is to multiplex the associated D2DSS and PD2DSCH within a single subframe as shown in Figure 1(a) and the other is to place the associate D2DSS and PD2DSCH in Figure 1(b). As observed in the figure, the latter requires more resources for but can provide more robust synchronization performance by using more resources.
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Figure 1. Example of multiplexing associated D2DSS and PD2DSCH (a) intra-subframe case, and (b) inter-subframe case.
If SD2DSS is not supported, DM RS of PD2DSCH can be used for the purpose of the identification of the synchronization reference ID and the frequency error estimation [3]. For this reason, the DM RS of PD2DSCH can be generated by the synchronization reference ID. We note that, if sufficient resources are available for PD2DSCH like in the inter-subframe multiplexing case, having more DM RS symbols in PD2DSCH can be beneficial in doing these operations. Furthermore, in order to enable the confirmation of D2DSS and PD2DSCH DM RS detection, the scrambling sequence and/or CRC mask of PD2DSCH can be based on the synchronization reference ID.

Proposal 2: DM RS sequence and scrambling sequence of PD2DSCH is generated by the synchronization reference ID.
Figure 2 shows the BLER performance when one subframe is used for PD2DSCH transmissions as illustrated in Figure 1(b). In this evaluation, we assumed 4 RS symbols in a subframe with the first and last symbols are punctured. More assumptions can be found in the appendix. We can observe that 40-bit PD2DSCH (including CRC) can meet the 1% BLER performance under the assumptions used for the evaluation.
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Figure 2 for PD2DSCH performance with the intra-subframe multiplexing case.

The D2DSS and PD2DSCH multiplexing method can be decided after the number of D2DSS symbols and the number of PD2DSCH bits are determined. If needed, the same PD2DSCH contents can be repeated over multiple subframes similarly to PBCH in order to improve the reliability of PD2DSCH. In this case, it needs to be considered how each UE can know the set of subframes in which the same PD2DSCH is repeated.
One issue on the frequency resource of PD2DSCH is whether/how to set the guard subcarriers if PD2DSCH is received without knowing the system bandwidth. As PD2DSCH will basically use the PUSCH structure, further consideration is necessary whether the resource boundary of PD2DSCH is aligned with the RB boundary.
4. Conclusion

This contribution discussed information sharing between in- and out-coverage UEs. The proposals are summarized as follows:
Proposal 1: PD2DSCH is supported and used to send the following information:

· System bandwidth, CP length (if not indicated by D2DSS), radio frame number, subframe index, D2D subframe pattern, stratum level, expiration time.

Proposal 2: DM RS sequence, scrambling sequence, and/or CRC mask of PD2DSCH is generated by the synchronization reference ID.
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Appendix A. Link simulation assumption

We assumed that 1st and last symbols are punctured for AGC and gap period in this contribution. In the case of 4 RS structure, the RSs are located at #1,#3,#10 and #12, respectively. 
	Carrier frequency
	700MHz 

	System bandwidth
	10MHz (50RBs)

	Number of antennas
	1 Tx, 2 Rx

	Receiver type
	MRC

	Channel model 
	ITU UMi 

	Synchronization 
	Perfect time synchronization

Frequency offset : 0 Hz

	Mobility
	Dual mobility

60km/h 

	Data format (discovery)
	Payload size
	30, 40, 50 bits

	
	Allocated BW
	4RBs
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