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1. Introduction
Agreements related to PD2DSCH in RAN1#78bis are as follows; 
Agreement:
· 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. 

This contribution discusses which information is needed additionally on PD2DSCH and how the PD2DSCH format can be defined.
2. Information sharing between in- and out-coverage UEs
In addition to contents in previous agreements (i.e. DFN and TDD UL/DL configuration), additional information can be considered for D2D operation and we can list such parameters as follows:
· System bandwidth: LTE system supports flexible system bandwidth by the signaling via PBCH. An out-coverage UE needs to know the system bandwidth configured for an in-coverage UE for communications.

· Duplex mode: The agreed resource pool configuration has dependency of the duplex mode and TDD UL/DL configuration. In order to align the understanding on the resource pool, that information needs to be sent to out-NW UEs via PD2DSCH which is read before the out-NW UEs interpret the resource pool pre-configured for them.

· Power control parameters: In-NW UEs will control there transmit power by the eNB configuration and TPC. For the better coexistence of in-NW UEs and out-NW UEs, transmission power of out-NW UEs need to be set to a similar level to the in-NW UE power. Thus, PD2DSCH can be used to deliver such power control parameters. A typical example would be delivering the information on the maximum transmit power allowed for out-NW UEs.

· D2D measurement period: As discussed in [1] and [2], for a faster and more stable synchronization of out-NW UE, D2D measurement period could be needed. This measurement is similar with “serving cell measurement” in cellular operation. Details of measurement and sync procedure can be found in our companion contribution [1,2] This content can be pre-configured or signaled through PD2DSCH.
· D2D silent period: In order to help UEs to scan any potential asynchronous D2DSSs, it is necessary to define the D2D-silent period in which this D2DSS scanning is not interfered with by transmissions from D2D UEs in their proximity. This measurement is similar with “neighbor cell measurement” in cellular operation. Details of this concept can be found in our companion contribution. [2] This content can be pre-configured or signaled through PD2DSCH.
We note that some reserved bits may need to be delivered via PD2DSCH for the future usage.
Proposal 1: PD2DSCH is used to send the following information:
· System bandwidth, duplex mode, power control parameters, D2D measurement period, and D2D silent period.

3. Physical format of PD2DSCH
According to the agreement in RAN1#78, the number of symbols for PD2DSS and SD2DSS is 4 (i.e. PD2DSS 2 symbols, SD2DSS 2 symbols), and PD2DSCH is multiplexed in the same PRBs with D2DSS. In this section, the demodulation reference signal and the symbol location of PD2DSCH is discussed, and related simulation results are provided.

Demodulation reference signal for PD2DSCH

Regarding demodulation reference of PD2DSCH, two signals can be considered; D2DSS, PUSCH DMRS. One of the merits of DMRS is the commonality with other D2D channels, because other D2D channels use DMRS as a reference signal. On the other hand, D2DSS can increase implementation complexity. Moreover, D2DSS is not feasible under the existing agreements. The same D2DSS for discovery and communication can be transmitted by different UEs in a same resource, and a UE participating only in a discovery does not transmit PD2DSCH. So, if D2DSS is used as demodulation reference of PD2DSCH, channel estimation cannot work properly because D2DSS from UE transmitting only discovery interferes with channel estimation for PD2DSCH. Even if the interference to the channel estimation can be solved by a certain method, using D2DSS for demodulation is not so beneficial in terms of the performance. The results in [3] showed that, if reduced power mechanism is introduced to SD2DSS, channel estimation using DMRS has merits in terms of performance and complexity. 
Proposal 2: DM RS is used for the demodulation of PD2DSCH.
Symbol position of PD2DSCH
In order to determine which symbols are used for D2DSS and PD2DSCH when they are multiplexed in a single subframe, we can consider the following two possibilities: One is to allocate PD2DSCH symbols inside of the two DMRS symbols as much as possible as shown in Figure 1(a) and the other is to allocate D2DSS to center of a subframe using the rest for PD2DSCH as shown in Figure 1(b).
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Figure 1. Example of subframe structure for D2D synchronization
Figure 2 shows the BLER performance when one subframe is used for PD2DSCH transmissions as illustrated in Figure 1(a) and 1(b). In this evaluation, we assumed time and frequency offsets are compensated perfectly in order to focus on the performance difference affected by symbol mapping. Simulation details can be found in the appendix. We can observe that PD2DSCH performance of Figure 1(a) type has 0.6dB gain compared to Figure 1(b) type. This performance gap is caused by the difference in the error of the channel estimate obtained by interpolation and extrapolation, i.e. Figure 1(a) has more resources whose channel is estimated by interpolation, while every PD2DSCH symbol except #4 and #9 is estimated by extrapolation in Figure 1(b). 

Proposal 3: The subframe structure shown in Figure 1(a) is proposed for D2D synchronization.
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Figure 2. Performance comparison between 2(a) and 2(b)
Scrambling and DMRS for PD2DSCH
For the simplicity of PD2DSCH design, the structure of D2D data channel can be reused. The only necessary change is

· 4 symbols (not used for DM RS) are not used for PD2DSCH mapping.

· The scrambling and DM RS sequence is generated from the D2DSS ID, not from SA ID.

We note that the second change is necessary for the agreement that PD2DSCH scrambling is derived from D2DSS ID. Also, it allows interference randomization between different PD2DSCH transmissions. To be specific, replacing SA ID by D2DSS ID renders the following sequence generations for PD2DSCH:

· For scrambling

· 
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· OCC:  
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· Base sequence: 
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Proposal 4: The sequences for scrambling and DM RS for PD2DSCH is obtained by replacing the SA ID of D2D data channels with D2DSS ID.
4. Frequency resources for PD2DSCH
According to the existing agreements and working assumption, PD2DSCH is located on the 6 central RBs of a subframe which includes D2DSS. In-NW UE already knows center (or carrier) frequency of channel, but out-NW UE should find center frequency first. This means out-NW UE should perform D2DSS/PD2DSCH detection in every 100kHz channel raster, if D2D channel raster is the same as the existing LTE channel raster. It is not suitable to out-NW UE, because out-NW UE should search not only D2D sync signal but also cellular sync signal and different sequences are transmitted in those signals. Furthermore, D2DSS/PD2DSCH period is much larger than PSS/SSS/PBCH period, so having the same number of frequency location candidates will eventually increase the synchronization delay. Also, as discussed in [4], D2DSS detection may require multiple hypotheses for the frequency offset, and defining many frequency location candidates will be an additional dimension of D2D synchronization complexity. So, in order to decrease the computational complexity of UE, we propose to increase the gap size between consecutive D2D center frequency candidates, for example, D2D channel raster is defined as multiple of LTE channel raster. 
Proposal 5: For out-NW UEs, two candidates of D2DSS/PD2DSCH center frequency in the frequency domain has the gap of a multiple of 100 kHz. 
5. Conclusion

This contribution discussed PD2DSCH design. The proposals are summarized as follows:
Proposal 1: PD2DSCH is used to send the following information:

· System bandwidth, duplex mode, power control parameters, D2D measurement period, and D2D silent period.
Proposal 2: DM RS is used for the demodulation of PD2DSCH.
Proposal 3: The subframe structure shown in Figure 1(a) is proposed for D2D synchronization.
Proposal 4: The sequences for scrambling and DM RS for PD2DSCH is obtained by replacing the SA ID of D2D data channels with D2DSS ID.
Proposal 5: For out-NW UEs, two candidates of D2DSS/PD2DSCH center frequency in the frequency domain has the gap of a multiple of 100 kHz. 
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Appendix A. Link simulation assumption

We assumed that the last symbol is punctured for gap period and rate matching is used on D2DSS symbol in this contribution. 
	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
	Payload size
	30, 40 bits (for Figure 3)

	
	Allocated BW
	6RBs
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