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1 Introduction
At the RAN1#78bis meeting [1], part of the PD2DSCH content was agreed:
· 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

In addition, some decisions on the PD2DSCH design were taken:
· For in-coverage UEs, 

· A maximum of 1 D2DSS resource (comprising a periodically occurring subframe in which D2DSS may be transmitted if the conditions below are satisfied (note that the eNB may reuse resources which are not used for D2DSS transmission)) can be configured per cell for in coverage UEs

· The D2DSS resource periodicity is: 

· The same for in-coverage and out-of-coverage

· Fixed to 40 ms in the specifications

· The D2DSS resource can be configured with a time offset with a granularity of 1 subframe

· The D2DSS resource offset of neighbour cells can be signalled in a SIB w.r.t. SFN#0 of the serving cell with a granularity of 1 subframe

There are however still remaining issues to be decided on PD2DSCH. Firstly, the content needs to be finalized. Secondly, the PD2DSCH channel design is not finalized. In this contribution, we discuss these two aspects: PD2DSCH content and PD2DSCH design. Note that this contribution is related to the following companion contributions discussing the system bandwidth field [2], the remaining conditions for D2DSS transmission [3], the D2D synchronization procedure [4], the D2DSS/PD2DSCH overlapped resource transmission and reception [5], and the D2DSS design [6].
2 PD2DSCH content
In this section, we list the fields that need to be carried on the PD2DSCH.
2.1 PD2DSCH period and DFN
Since the PD2DSCH has the same periodicity with the D2DSS, and the D2DSS periodicity was agreed to be 40ms [1], it implies that the PD2DSCH periodicity is also fixed to 40ms. Furthermore, the PD2DSCH is transmitted in the same subframe as the D2DSS [8].
As shown in [image: image1.emf] 
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Figure 1, for the in-coverage scenario, the D2DSS/PD2DSCH subframe is offset from the reference SFN. When in-coverage, the offset is cell-specific and signaled by SIB. For out-of-coverage, the reference SFN of a synchronization source transmitter can be decided by the transmitting UE and can be derived from its own timing or from other synchronization sources. 
For both in/out-of coverage scenarios, every PD2DSCH transmission is located in one D2DSS subframe and occurs every 40ms. The DFN value in PD2DSCH can be indicated by 8 bits, and the offset has 40 different values among {0, 1, … , 39}. Then the value of offset can be indicated by the remaining 6 bits. 
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Figure 1: PD2DSCH transmission with a 40 ms period and an offset
Proposal 1: For PD2DSCH:
· Every PD2DSCH transmission occupies only one D2DSS subframe
· For the 14 bits DFN field, 8 bits are used for DFN and 6 bits are used for offset.
2.2 Support for multi-hop and current hop level indication
As explained in [3][9], multi-hop synchronization is a desirable feature. It is however beneficial to limit the number of hops to avoid error propagation. In [3][9], the maximum hop number is suggested to be 3, which requires a 2-bit indication in PD2DSCH. In [6], we propose that out-of-coverage synchronization sources transmit D2DSS from the set D2DSSue_oon. Such synchronization sources may be independent or have derived their synchronization from an eNodeB. 
2.3 Support for synchronization source type
As explained in [3][9], with multi-hop D2DSS transmission, some out-of-coverage UEs may derive their timing from D2DSSue_net,and others from D2DSSue_oon. Hence an additional bit should be included in PD2DSCH to indicate whether the synchronization timing is derived from an eNodeB. This is illustrated in Figure 2, where both UE3 and UE 6 transmit D2DSSue_oon, but have used different timing references. The synchronization source type bit in PD2DSCH is used to differentiate them. 
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Figure 2: D2DSS transmission in partial coverage scenario
2.4 TDD/FDD indication
D2D UEs also need to know if the system operates in TDD/FDD mode, and if in TDD, which configuration is used. It was agreed to use 3 bits to signal the TDD uplink-downlink configuration on the PD2DSCH [1]. Since the TDD uplink-downlink configuration field is reserved for FDD, the PD2DSCH size is independent of the duplex mode. Hence, the TDD/FDD indication should be put in the PD2DSCH as well, which will require no more than one bit. However, note that only 7 states are needed to encode the TDD configuration. The eighth unused state can be used to indicate whether the system uses FDD, thus eliminating the need to have a separate bit to indicate TDD or FDD operation.
Proposal 2: TDD/FDD differentiation is encoded by using the eighth state of the 3 bits used to encode the TDD configuration
2.5 Summary
The system bandwidth is also needed on the PD2DSCH, as explained in [2]

 REF _Ref401841327 \r \h 
 \* MERGEFORMAT [7]. Thus, the content that needs to be carried on PD2DSCH is as shown in Table 1. 
Proposal 3: The following content of PD2DSCH is proposed:
Table 1: The information carried in PD2DSCH.
	Information in PD2DSCH
	Number of bits

	Agreed fields
	D2D frame number
	14

	
	TDD UL-DL configuration
	3

	Proposed fields
	TDD/FDD indication
	0

	
	System bandwidth 
	3

	
	Synchronization source type
	1

	
	Current hop level
	2

	Total information bits
	23

	Total uncoded bits with 16bits CRC
	39


3 PD2DSCH channel design
In this section, we address the remaining issues of PD2DSCH channel design.
3.1 PD2DSCH channel code rate
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Figure 3: Example for available PD2DSCH symbols(gray) within D2DSS subframe with DMRS, PD2DSS and SD2DSS.
There are two options for how to map the PD2DSCH to the D2DSS subframes:

· Option 1: the PD2DSCH is mapped to all the available SC-FDMA symbols in the whole D2DSS subframe.
· Option 2: the PD2DSCH is mapped to a fixed number of SC-FDMA symbols in the D2DSS subframe. 
In theory, option 2 is better than option 1 since any symbol unused for D2DSS transmission could be used to transmit another channel. However, it is reasonable to assume that the code rate for PD2DSCH should be lower than for SA. 4 SC-FDMA symbols are needed for PD2DSCH to reach a lower code rate than SA under the assumption of 39bit payload proposed in section 2, thus there are only 1 or 3 SC-FDMA symbols unused with option 2 for extended and normal CP respectively. It would be challenging to transmit another channel on such a low number of symbols, thus option 1 is preferred.
With option 1, the code rate for PD2DSCH is:
· 1/18.46 for extended CP with DMRS demodulation, with 5 SC-FDMA symbols within 72 REs; 
· 1/25.85 for normal CP with DMRS demodulation, with 7 SC-FDMA symbols within 72 REs;

· 1/22.26 for extended CP with D2DSS demodulation, with 7 SC-FDMA symbols within 62 REs; 

· 1/28.62 for normal CP with D2DSS demodulation, with 9 SC-FDMA symbols within 62 REs;

Proposal 4: All available SC-FDMA symbols in every D2DSS subframe are used for PD2DSCH transmission.
3.2 PD2DSCH reference signal

Two options for reference signal for PD2DSCH can be considered. 

DMRS-based demodulation

With this mode of operation, the 4th symbol (normal CP) or the 3rd symbol (extended CP) is used for transmitting DMRS.DMRS and PD2DSCH occupy 72 REs in all available SC-FDMA symbols. There are 7 (normal CP) or 5 (extended CP) available SC-FDMA symbols in the subframe for PD2DSCH, as shown in Figure 3. 
D2DSS-based demodulation

With this option, there is no DMRS symbol. 2 SC-FDMA symbols are saved. There are 9 (normal CP) or 7 (extended CP) available SC-FDMA symbols in the subframe for PD2DSCH. PD2DSCH can only occupy 62 REs in order to match the D2DSS bandwidth. 
Using DMRS-based demodulation would be the default solution since the existing and well-proven channel estimator could be reused. Furthermore, the coding rates are comparatively low even when two SC-FDMA symbols are occupied by the DMRS. On the other hand, if the D2DSS is used as reference signal, a separate channel estimator needs to be implemented only for PD2DSCH detection. Since there are few PD2DSS sequences, channel estimation would have to be based on SD2DSS. However, it was agreed that reduced transmit power with respect to PD2DSS is used for SD2DSS. This could significantly affect the channel estimation performance. The value of reduction of SD2DSS power is yet unknown to RAN1 and it is probably to be decided by RAN4, which may not consider channel estimation performance as a criterion.  Thereto, the channel estimates from the SD2DSS are not guaranteed to represent the channel over which the PD2DSCH is transmitted, e.g., discovery UEs and communication UEs could transmit the same SD2DSS while only the communication UEs transmit the PD2DSCH. Moreover, following the principle of LTE, there should be no antenna port definition for SD2DSS [6]. This makes it impossible to interpolate channel estimates derived from SD2DSS within the subframe. Hence, D2DSS-based demodulation is not feasible.
Proposal 5: PD2DSCH uses DMRS-based demodulation.
4 Conclusions
In this contribution, we discussed the remaining issues for PD2DSCH content and channel design, we have the following proposals: 
Proposal 1: For PD2DSCH:
· Every PD2DSCH transmission occupies only one D2DSS subframe

· For the 14 bits DFN field, 8 bits are used for DFN and 6 bits are used for offset.
Proposal 2: TDD/FDD differentiation is encoded by using the eighth state of the 3 bits used to encode the TDD configuration
Proposal 3: The following content of PD2DSCH is proposed:
The information carried in PD2DSCH.
	Information in PD2DSCH
	Number of bits

	Agreed fields
	D2D frame number
	14

	
	TDD UL-DL configuration
	3

	Proposed fields
	TDD/FDD indication
	0

	
	System bandwidth 
	3

	
	Synchronization source type
	1

	
	Current hop level
	2

	Total information bits
	23

	Total uncoded bits with 16bits CRC
	39


Proposal 4: All available SC-FDMA symbols in every D2DSS subframe are used for PD2DSCH transmission.
Proposal 5: PD2DSCH uses DMRS-based demodulation.
References
[1] Chairman's Notes RAN1#78bis, Ljubljana, Slovenia, Oct. 6-10, 2014.
[2] R1-144567, “On the necessity of transmitting the uplink system bandwidth on the PD2DSCH”, Huawei, HiSilicon, RAN1#79, Nov. 17 – 21, 2014.
[3] R1-145093, “Remaining conditions for D2DSS transmission”, Huawei, HiSilicon, RAN1#79, Nov. 17 – 21, 2014.

[4] R1-145092, “D2D synchronization procedure”, Huawei, HiSilicon, RAN1#79, Nov. 17 – 21, 2014.

[5] R1-144570, “Transmission and reception in the D2DSS/PD2DSCH overlapped resource”, Huawei, HiSilicon, RAN1#79, Nov. 17 – 21, 2014.
[6] R1-144566, “Final details of D2D synchronization signals”, Huawei, HiSilicon, RAN1#79, Nov. 17 – 21, 2014.

[7] R1-143701, “PD2DSCH content and design”, Huawei, HiSilicon, RAN1#78bis, Oct. 6-10, 2014. 

[8] Chairman's Notes RAN1#78, Dresden, Germany, Aug. 18-22, 2014.
[9] R1-143700, “Conditions for D2DSS transmission in- and out-of coverage”, Huawei, HiSilicon, RAN1#78bis, Oct. 6-10, 2014.













































































































































































































































































































































