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1 Introduction
At the RAN1#77 meeting [1], the following agreements were achieved for PD2DSCH.
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

In this contribution, the PD2DSCH channel design and content will be discussed.
2 PD2DSCH contents
2.1 PD2DSCH period and the indication of the D2D frame number
The frame number is used to give the same timing label between the transmitter and receiver. In a D2D system, the 1024 radio frames numbering should be reused in D2D system as cellular: the D2D frame number ranges from 0 to 1023. 
As suggested in [2], the period of D2DSS should be fixed to 40ms. The period of PD2DSCH should not be less than the period of D2DSS and should be smaller than 10.24s. A larger period for PD2DSCH requires fewer bits to indicate the D2D frame number; a smaller period for PD2DSCH allows faster opportunities to obtain the information of PD2DSCH, especially if the contents of PD2DSCH are changed frequently. Thus, the period of PD2DSCH ranges between 0.040s ~ 10.24s. The D2D frame number can be indicated by 1 ~ 8bits (i.e., the value of period should not be larger than 10.24s/40ms=256, no more than 8 bits are needed). As a trade-off between overhead and acquiring time for PD2DSCH, a 160ms PD2DSCH period and 6 bit D2D frame number field can be used.
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Figure 1. Example of 6bits used to indicate the D2DSS frame number
As an example in Figure 1, in PD2DSCH, suppose six bits are used for the D2D frame number, for example ‘000100’ in the first detected PD2DSCH. When the second D2DSS is detected, then the D2D frame number equals 4*16 (PD2DSCH period) +1*4 (D2DSS period) + Toffset. If the Toffset equals zero, then the D2D frame number of the second D2DSS subframe in Figure 1 is 68.  Hence in order to get the current D2D frame number, the D2DSS receiver should remember the related D2DSS number after the detected PD2DSCH subframe, when the PD2DSCH period larger than 40ms. 

Proposal 1: 
· the period of PD2DSCH is fixed to 160ms 
· The D2D frame number is signaled by 6 bits in PD2DSCH. 
In out-of-coverage/partial-coverage scenario, two different synchronization source UEs can transmit D2DSS independently. It is possible that these two synchronization sources signal a different D2D frame number. While minimizing these differences is desirable, this causes no problem for a D2D UE: the D2D UE can simply use the frame numbering from the synchronization source it uses for the SA reception. The same applies for discovery. 
Observation 1: having two synchronization sources signaling two different radio frame timings is not an issue for a receiving D2D UE
2.2 System bandwidth 
An out-of-coverage UE needs to be able to know at which bandwidth to operate, and where to find the SA resource pool. 

For in-coverage scenario, the system bandwidth information can be obtained from the eNB. For out-of-coverage scenario, the system bandwidth information could either be preconfigured or transmitted on PD2DSCH. Pre-configuration has the benefit of avoiding UEs using different bandwidths on the same frequencies. For partial coverage, however, the out-of-coverage UE needs to use the same bandwidth as the cellular system. Thus, it makes sense to have the in-coverage UE transmitting bandwidth information. The simplest solution to communicate this information is through the PD2DSCH. The payload for signaling the bandwidth information is small, and 3 bits should suffice (similar to what is done on the MIB).

Proposal 2:

· The system bandwidth information is transmitted on the PD2DSCH with 3 bits

2.3 Transmission resource pool

In-coverage UEs receive their transmission pools from the eNB. For the out-of-coverage UEs, the transmission pool could be received from the other UEs, or could be pre-configured. While both solutions could work, we do not see strong motivation for having a UE signaling the resource pool: the main motivation for having resource pools is to avoid out-of-coverage UEs listening all the time to obtain their SAs. This goal is achieved once an out-of-coverage UE obtains the bandwidth and the D2D frame number. Consequently, we do not see the need for signaling the transmit resource pool on the PD2DSCH.

Proposal 3:

· The transmission resource pool is not signaled on the PD2DSCH

2.4  Synchronization source ID

In order to implement synchronization by sequence detection, the synchronization source ID should be indicated from every sync source to its D2D receiver. There should be a linkage between D2DSS and synchronization source ID with a one-to-one mapping [3]. Thus, it is not necessary to convey any explicit information on the PD2DSCH.
Proposal 4:
· Synchronization source ID is signaled with the D2DSS.
· No additional signaling for synchronization source ID on the PD2DSCH

2.5 Support for multi-hop and current stratum level indication
As explained in [5], multi-hop synchronization is a desirable feature. It is however beneficial to limit the number of hops to avoid error propagation. In [5], the maximum hop number is suggested to be 3. Thus, two bits are needed to signal the current stratum level. In addition, a synchronization source type should be used to indicate the synchronization timing type, which is derived from eNB or ISS UE for out-of-coverage, thus requiring an additional bit.
Proposal 5:
· The current stratum level is signaled on the PD2DSCH (2 bits)
· The synchronization source type is signaled with an additional bit
2.6 TDD/FDD and TDD configuration
D2D UEs also need to know if the system operates in TDD/FDD mode, and if in TDD, which configuration is used. Whether the system is TDD or FDD can be signaled with the D2DSS in a similar way that what is done for cellular. The TDD uplink-downlink configuration can then be signaled on the PD2DSCH. 3 bits are needed to signal the TDD uplink-downlink configuration. The TDD/FDD can be indicated by PD2DSCH by some implicit methods. 
Proposal 6: 
· the TDD configuration is signaled by PD2DSCH (3bits)
The content that needs to be carried on the PD2DSCH is shown in Table 1. A total of 15 bits is needed so far. Note that reserved bits could be added for future uses.
Table 1. The information carried in PD2DSCH
	Information in PD2DSCH
	Number of bits
	Total number of bits

	D2D frame number
	6
	15

	System bandwidth 
	3
	

	Sync type
	1
	

	Current stratum level
	2
	

	TDD configuration
	3
	


PD2DSCH for Discovery
The discussions above may be mostly related with PD2DSCH transmitted by communication UEs. Whereas both communication UEs and discovery UEs will transmit D2DSS, an out-of-coverage UE will attempt to detect sequences in D2SSue_net no matter it is transmitted by a discovery UE or a communication UE. Therefore, an out-of-coverage UE will continue to detect a following PD2DSCH to confirm the detected synchronization signal, after successfully capturing a sequence from D2SSue_net even if it is transmitted by a discovery UE.

In order to enable an out-of-coverage UE synchronizing to the network and communicating with in-network-coverage UEs as soon as possible, the D2DSS transmitting of a discovery UE may be configured to forward the information in PD2DSCH for communication. 
Proposal 7: 

· A discovery UE transmitting D2DSS transmits same PD2DSCH as a communication UE.
3 PD2DSCH channel design

In this section, the details of PD2DSCH channel design are discussed. 

3.1 PD2DSCH location
As suggested in [2], the SD2DSS should be contained within one subframe, and the number of SD2DSS and PD2DSS symbols should be two symbols each. In this sub-section, we discuss where to locate the PD2DSCH with respect to the D2DSS signals. Several options are possible. 
3.1.1 Option 1: PD2DSCH within the D2DSS subframe
The PD2DSCH symbols are located in the same subframe as the D2DSS, as shown in Figure 2 and Figure 3 for normal and extended CP respectively, based on [2]. PD2DSS and SD2DSS can be used for PD2DSCH channel estimation. The OFDM symbols location of PD2DSS is the same as the DMRS. The D2DSS signals can be used for channel estimation.
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Figure 2. PD2DSCH for normal CP
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Figure 3. PD2DSCH for extended CP
3.1.2 Option 2: PD2DSCH outside the D2DSS subframes
The PD2DSCH channel symbols are located in Figure 4 and Figure 5 for normal and extended CP, respectively. The D2DSS is located in a different subframe. The existing DMRS is present and can be used for PD2DSCH demodulation. 
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Figure 4. PD2DSCH for normal CP
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Figure 5. PD2DSCH for extended CP
3.1.3 Discussion

Both options can be used for PD2DSCH channel. With option 1, the PD2DSCH periodicity needs to be a multiple of the D2DSS. Also, the PD2DSCH bandwidth should be the same as for the D2DSS (62 REs) in order to implement the PD2DSCH channel estimation. 
For option 2, there is no such limitation since the demodulation is DMRS-based. In addition, the PD2DSCH can be located anywhere in frequency. Also, detection is slightly easier with option 2: with option 1, in order to detect the D2DSS, a matched filter needs to be applied on all received samples. Thus, the entire subframe would need to be buffered before being decoded. 
For option 2, if PD2DSCH subframe is transmitted with certain offset from the D2DSS subframe, PD2DSCH decoding time will be reduced. After a UE detecting some D2DSS, then it can decode the PD2DSCH in the next subframe, if the PD2DSCH subframe follows a D2DSS subframe. For option 1, in order to detect the D2DSS, a match filter will be used for all received samples. It is enough to record the peak location and the correlated energy, not necessary to record the D2DSS subframe samples. But if option 1 used, the whole D2DSS subframe samples should be recorded for every D2DSS subframe. Hence, more buffers will be required for option 1. 
Proposal 8:
· PD2DSCH and D2DSS are located on different subframes
3.2 PD2DSCH channel parameters summary

Information bits

As discussed in Section 2, 20 information bits are needed for PD2DSCH (15 without reserved bits). If a 16 bits CRC is used, the number of bits before encoding is 36. In terms of design target, since the PD2DSCH is conceptually somewhat similar to PBCH, similar channel coding is needed. For PBCH, a rate 1/3 mother code is used, with a repetition factor of 16. To achieve similar repetition for PD2DSCH, about 6 PRBs are needed for normal CP, and 6~8 PRBs for extended CP, as shown in Table 2 (with option 2). In addition, the frequency location of PD2DSCH within a subframe can be signaled by SIB for in-coverage scenario, and can be predefined for out-of-coverage scenario
Table 2. PD2DSCH bandwidth and the repetition times
	Information bits
	20

	CRC bits
	16

	Uncoded bits
	36

	QPSK, 6PRBs, nCP
	available bits: 1584
repetition factor 14.7

	QPSK, 7PRBs, nCP
	available bits: 1848
repetition factor 17.1

	QPSK, 6PRBs, eCP
	available bits: 1296
repetition factor: 12

	QPSK, 8PRBs, eCP
	available bits: 1728
repetition factor: 16


Proposal 9:

· PD2DSCH occupies 6 PRBs for normal CP. FFS between 6 and 8 PRBs for extended CP.

· The frequency location of PD2DSCH within a subframe is signaled by SIB for in-coverage scenario, and can be predefined for out-of-coverage scenario. 

Scrambling
Scrambling is needed to whiten the interference. For PD2DSCH, scrambling can be performed in a similar way as PBCH. The PSSID can be used for the seed. 

Proposal 10: 
· Scrambling for the PD2DSCH uses the PSSID for the scrambling seed
The PD2DSCH related parameters are summarized in Table 3.

Table 3. Summary of the PD2DSCH channel
	PD2DSCH parameters
	Parameter value

	Total bits in PD2DSCH
	20bits, 5 bits reserved

	PD2DSCH Bandwidth
	Fixed, can be different for nCP and eCP

	Frequency location
	Signaled by SIB for in-coverage

Predefined for out-of-coverage

	Modulation order
	QPSK

	Channel coding
	TBCC

	CRC
	16bits

	Scrambling
	Needed, scrambling seed based on PSSID

	Period
	Fixed and times of D2DSS period, i.e., 160 ms

	Subframe location 
	located on the different subframes of D2DSS with DMRS demodulation

	Timing
	DL timing

	Gap
	Gap needed,  one OFDM symbol at the end of PD2DSCH subframe

	CP type
	Signaled by cell specific signalling for in-coverage

Predefined for out-of-coverage, or just following D2DSS CP type


4 Conclusions
In this paper the PD2DSCH content for communication is discussed firstly; and a discovery UE transmitting D2DSS is proposed to transmit same PD2DSCH as a communication UE. The content is summarized in this table:
	Information in PD2DSCH
	Number of bits
	Total number of bits

	D2D frame number
	6
	15

	System bandwidth information
	3
	

	Sync type
	1
	

	Current stratum level
	2
	

	TDD configuration
	3
	


Channel design is discussed as well, and the design is summarized in this table:

	PD2DSCH parameters
	Parameter value

	Total bits in PD2DSCH
	20bits, 5 bits reserved

	PD2DSCH Bandwidth
	Fixed, can be different for nCP and eCP

	Frequency location
	Signalled by SIB for in-coverage

Predefined for out-of-coverage

	Modulation order
	QPSK

	Channel coding
	TBCC

	CRC
	16bits

	Scrambling
	Needed, scrambling seed based on PSSID

	Period
	Fixed times of D2DSS period, i.e., 160 ms

	Subframe location 
	located on the different subframes of D2DSS with DMRS demodulation

	Timing
	DL timing

	Gap
	Gap needed,  one OFDM symbol at the end of PD2DSCH subframe

	CP type
	Signalled by cell specific signalling for in-coverage

Predefined for out-of-coverage, or just following D2DSS CP type
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