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1
Introduction

PD2DSCH was agreed to be specified, for out of coverage in RAN1 #77, mainly to transmit extra information required for synchronization and system acquisition:
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

During RAN1 #78, more agreements on the design of PD2DSCH channel were achieved:

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
The following observations were also discussed during RAN1 #78:

Possible observations:
· For PD2DSCH,

· Demodulation


· Alt. 1: D2DSS for demodulation if D2DSS and PD2DSCH is multiplexed in the same subframe

· Alt. 2: DM-RS

· Alt. 3: Both Alt. 1 and Alt. 2

· Information carried by PD2DSCH

· D2D frame number

· Whether D2D frame number is derived by accurate method or not

· System BW

· TDD configuration

· Transmission resource pool

· Receiving resource pool

· Synchronization source ID

· Current stratum level

· TDD/FDD differentiation

· Time to scan

· PCID of eNB from which UE derives Tx timing

· UE power capability

· UE power limitation from NW

· Current hop number is carried by

· Alt. 1: Sequence of D2DSS

· Alt. 2: PD2DSCH

In this contribution, we present our PD2DSCH design to address the main remaining FFS items as follows:

· D2DSS/PD2DSCH configuration

· Multiplexing D2DSS and PD2DSCH symbols within the same subframe

· Using D2DSS symbols for demodulating the PD2DSCH channel

· PD2DSCH content for different scenarios (in-, partial- and out-of-coverage)

· D2D frame number definition 

· Other information fields

2 
Proposed design

In this section, we present the candidate design for PD2DSCH. The proposal is based on an earlier design [1], and the synchronization subframe configuration is shown in Figure 2-1.
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Figure 2-1 Synchronization subframe configuration
D2DSS/PD2DSCH Configuration
In this design, we propose to multiplex the D2DSS symbols with PD2DSCH within the same subframe, and leave a guard symbol at the end. We also propose to properly allocate the symbols within the synchronization subframe, as in Figure 2-1, so that the D2DSS symbols can provide reliable channel estimation for PD2DSCH demodulation. A companion contribution [2] provides link-level simulation results evaluating the performance of the proposed D2DSS/PD2DSCH configuration.
Proposal 1: A synchronization source transmits the D2DSS and PD2DSCH symbols that are multiplexed within the same subframe. The D2DSS symbols are used for PD2DSCH demodulation. 

PD2DSCH Content

We notice while PD2DSCH is mainly defined for out of coverage to carry some required information, one can utilize this channel in out of coverage and partial coverage case to detect false alarms for D2DSS detection based on CRC. This helps to achieve a robust detection of D2DSS. Additionally, as discussed in [2], PD2DSCH can be used for resolving residual CFO ambiguity from D2DSS detection. (Note that in-network, in most cases, CFO estimation using D2DSS is not needed, it can be performed using PSS/SSS of the serving cell.)

Observation 1: For out of network and partial network cases, in addition to carrying information, PD2DSCH can be used to (i) detect false alarms for D2DSS detection (ii) resolve CFO ambiguity from D2DSS detection.

Depending on the scenario and carrier type, PD2DSCH may contain different information fields. However, we propose a single size PD2DSCH is defined and used for different scenarios and carrier types. This is done by zero padding as needed.  Table 1 summarizes these fields:
Table 1 PD2DSCH Contents for various scenarios and carrier type

	 

Scenario\Carrier Type
	Size (bits)
	Out of network

(FDD UL or TDD)
	Partial Network
	In-network (inter-cell)

(FDD UL or TDD)

	
	
	
	FDD UL
	TDD
	

	Current stratum level
	2
	No
	Yes
	Yes
	No

	TDD Configuration
	3
	No
	No
	Yes
	No

	D2D system frame number
	16
	Yes
	Yes
	Yes
	No

	TDM sync resource index
	3
	Yes
	Yes
	Yes
	No

	Carrier Type (FDD or TDD)
	1
	Yes
	Yes
	Yes
	No

	CRC
	16
	Yes
	Yes
	Yes
	No

	Total Information (bits)
	
	36
	38
	41
	-

	Zero Padding (bits)
	
	5
	3
	0
	-

	Total size (bits)
	41
	


Note that none of the information listed above needs to be carried in network when D2DSS is used for enabling inter-cell D2D discovery and D2D communication.  We have indeed studied the effect of transmitting PD2DSCH on inter-cell D2D discovery in [3], and observed it may result in some performance degradation (please refer to Appendix for the details). Hence, we propose that discovery UEs should not transmit PD2DSCH.
Proposal 2: PD2DSCH carries information corresponding to Table 1 – a fixed size PD2DSCH is defined (41 bits) that is used in all scenarios. PD2DSCH is not transmitted for in-network inter-cell discovery or communication.

3 
Conclusion

In this contribution we presented our design for the PD2DSCH channel and made the following observation and proposals: 
Proposal 1: A synchronization source transmits the D2DSS and PD2DSCH symbols that are multiplexed within the same subframe. The D2DSS symbols are used for PD2DSCH demodulation. 

Observation 1: For out of network and partial network, cases in addition to carrying information, PD2DSCH can be used to (i) detect false alarms for D2DSS detection (ii) resolve CFO ambiguity from D2DSS detection.

Proposal 2: PD2DSCH carries information corresponding to Table 1 – a fixed size PD2DSCH is defined (41 bits) that is used in all scenarios. PD2DSCH is not transmitted for in-network inter-cell discovery or communication.
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Appendix: PD2DSCH for in-coverage inter-cell discovery
In what follows, we discuss whether PD2DSCH should be transmitted in addition to D2DSS for inter-cell discovery. We simulated an RSRP threshold-based scheme (proposed in [3]) for Layout Option 1 with different pathloss thresholds. The D2DSS/PD2DSCH configuration is described in our companion contribution [2]. The allocation of discovery resources is performed such that neighbouring macros have non overlapping allocation with small gaps while the allocation itself is reused with a reuse factor of 3. This is illustrated in Figures A-1. (Please refer to [3] for more details)
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Figure A-1 Non-overlapping allocation among neighboring macros
In Figure A-2 below we present the percentage of pairs that have a timing error between 0 and 3us for different values of pathloss thresholds.

[image: image3.emf]70 80 90 100 110 120

0.5

0.55

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

Pathloss theshold (dB)

Fraction of UEs with timing error between 0 and 3us

 

 

Identical D2DSS sequence with PD2DSCH

Identical D2DSS sequence without PD2DSCH

Different D2DSS sequences with PD2DSCH

Different D2DSS sequences without PD2DSCH


Figure A-2
The results indicate that with PD2DSCH there is around 4% loss in performance for reasonable values of threshold. This is expected since PD2DSCH leads to more interference. Additional simulation results (not presented here) also show that the loss is higher for Layout Option 3 (more than 10%). 

Next, we will provide simulation results studying the overall performance of D2DSS detection and discovery. Here all UEs use identical D2DSS sequence. More specifically, we compare the performance of following three cases in terms of average number of discovered UEs:

· Perfect Sync: Discovery with 3 timing hypotheses (per colour), and assuming perfect synchronization

· Sync with PD2DSCH: Discovery with 3 timing hypotheses in conjunction with D2DSS-based synchronization, where PD2DSCH is transmitted

· Sync without PD2DSCH: Discovery with 3 timing hypotheses in conjunction with D2DSS-based synchronization, where PD2DSCH is not transmitted

Figure A-3 demonstrates the average number of UEs discovered, over 40 PD periods, for the above three cases, and Layout Option 1. We further assume the same D2DSS id being used by all the UE. One can observe from this figure, and also from Table A-1, that PD2DSCH degrades the overall performance compared to the case where no PD2DSCH symbols are transmitted.
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Figure A-3
Table A-1

	Degradation in number of discovered UEs, compared to perfect sync case
	Without PD2DSCH
	With PD2DSCH

	
	5.21%
	7.52%
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