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1. Introduction
In the Rel-12 WID for LTE D2D [1], the following is included to be specified for D2D synchronization:
1) Specify resource allocation mechanisms for synchronization signals and, if supported, synchronization channels for D2D discovery and broadcast communication [RAN1, RAN2]

In our previous contribution [2], we pointed out the necessity to introduce PD2DSCH together with D2DSS. In this contribution, we further discuss the resource allocation for synchronization subframes which carrying D2DSS and PD2DSCH.
2. Discussion
As discussed in [3], multiple D2DSS UEs within one cell or one synchronization cluster may transmit D2DSS/PD2DSCH. Regarding the resource allocation of D2DSS/PD2DSCH, one essential issue is that how to multiplex D2DSS/PD2DSCH transmitted by different D2D UEs synchronized to the same eNB or ISS (independent synchronization source). These D2DSS/PD2DSCHs have approximately common synchronization, but may have the same or different hop number.  The D2DSS/PD2DSCH with the same original synchronization source and hop number is likely to be identical, while the PD2DSCH with different hop number may be different. For example, as shown in [4], the PD2DSCH with low hop number (e.g. from UEs within coverage) may carry the resource pool information, while PD2DSCH with high hop number may not. If the stratum level is carried by PD2DSCH, PD2DSCH with different hop number may also carry different stratum level information. Also considering the reduction of unnecessary PD2DSCH detection, D2DSS is preferred allocated in the same subframe where the corresponding PD2DSCH transmits.  Therefore, at least synchronized D2DSS/PD2DSCH with different stratum levels (corresponding to different hop number) should occupy orthogonal synchronization sources to avoid interference to each other when their original synchronization sources are the same. For synchronized D2DSS/PD2DSCH at the same stratum level, since their signal is identical, they can be multiplexed in the same synchronization resources without interference. The simulation results in appendix show that this type of SFN transmission would not impact the synchronization performance of D2DSS. In actual synchronization process, since the pathloss among different UE-pairs would vary greatly, the synchronization accuracy is mainly depended on the D2DSS with largest receiving power.
Referring to different synchronization procedure discussed in [3], the synchronization resources required for D2DSS/PD2DSCH multiplexing described above would be different.
· If the maximal hop number of synchronization reference is limited to N, N subframes (N-1 subframes for D2DSS/PD2DSCH synchronized to eNB) can be allocated as synchronization subframes in one synchronization period. D2DSS/PD2DSCH with different hop number can occupy different synchronization subframes as shown in Figure 1. A D2D UE can receive D2DSS/PD2DSCH in one subframe and then transmit D2DSS/PD2DSCH in another subframe if necessary.
· If the maximal hop number of synchronization reference is not limited, but the stratum level of a D2DSS is limited to be not larger than M, then M+1 subframes can be allocated as synchronization subframes as shown in Figure 2. For D2DSS/PD2DSCH at stratum level M, additional one subframe is allocated. D2DSS/PD2DSCH with hop number larger than M or M+1 can receive D2DSS/PD2DSCH in one of the subframes and then transmit in the other subframe if necessary.
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Figure 1: synchronization subframes with maximal hop number N=3 in out-of-coverage scenarios

[image: image2.emf]UL subframe UL subframe

Synchronization  

subframe for stratum 

level k=2

Synchronization  

subframe for stratum 

level k=3

Synchronization  

subframe for stratum 

level k=1

Synchronization  

subframe for stratum 

level k=3

... ...

...

D2DSS

D2DSS/ 

DMRS

Subframe

Void

6

P

R

B

s

PD2DSCH

PD2DSCH

DM

RS

PD2DSCH

DM

RS

PD2DSCH GP


Figure 2: synchronization subframes with maximal stratum level M=3
As analyzed in [3], the maximal stratum level is proposed to be the same for different types of synchronization signal. Then identical synchronization resource allocation in Figure 1 or 2 can be adopted for different coverage scenarios. The first synchronization subframe corresponding to k=1 would be used for D2DSS/PD2DSCH transmitted by UEs within coverage or ISSs. For the former case, the synchronization subframe for k=1 (or k=1 and 2) may carry the PD2DSCH with resource pool, while the other subframes may carry PD2DSCH without resource pool. These synchronization subframes can be discontinuously allocated to give UEs sufficient time to decode the PD2DSCH from synchronization source before transmission of own D2DSS/PD2DSCH.
Proposal 1: M or M+1 subframes are allocated as synchronization subframes within one synchronization period, where M is the maximal stratum level of synchronization signal. D2DSS/PD2DSCH occupies synchronization subframe(s) according to its carried stratum level. 
To simplify the synchronization scanning process, D2DSS and PD2DSCH are proposed to only occupy the central 6PRBs among the system bandwidth. A receiving UE only needs to scan the 1.4M bandwidth similar to LTE during detecting the synchronization signal. Within one synchronization subframe, a receiving UE needs to detect D2DSS first, and then detects corresponding PD2DSCH based on the detection result of D2DSS. D2DSS and PD2DSCH can be TDMed within a subframe to match the process. 
As proposed in [4], D2DSS composes of PD2DSS and SD2DSS. PD2DSS is used for initial synchronization, while SD2DSS is used for further synchronization and channel estimation of PD2DSCH. Two continuous symbols in the start of a synchronization subframe could be allocated to transmit PD2DSS for symbol level synchronization detection. Another two symbols could be allocated to transmit SD2DSS for channel estimation. Except the symbols for D2DSS, GP and potential AGC measurement, the other OFDM symbols in a synchronization subframe can be used for PD2DSCH transmission. An example for the structure of a synchronization subframe is shown in Figure 3.
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Figure 3: Multiplexing of D2DSS and PD2DSCH
Proposal 2: D2DSS and PD2DSCH occupy central 6PRBs bandwidth.

Proposal 3: D2DSS and PD2DSCH are TDMed in the same subframe for synchronization.
Proposal 4: D2DSS occupies at least 4 OFDM symbols while PD2DSCH occupies the rest available symbols in a subframe for synchronization.
3. Conclusion
In this contribution, resource allocation for synchronization subframes carrying D2DSS and PD2DSCH is discussed. Resource multiplexing between D2DSS and PD2DSCH is also analyzed. Our proposals are summarized below.
Proposal 1: M or M+1 subframes are allocated as synchronization subframes within one synchronization period, where M is the maximal stratum level of synchronization signal. D2DSS/PD2DSCH occupies synchronization subframe(s) according to its carried stratum level.

Proposal 2: D2DSS and PD2DSCH occupy central 6PRBs bandwidth.

Proposal 3: D2DSS and PD2DSCH from one Tx UE are TDMed in the same subframe for synchronization.
Proposal 4: D2DSS occupies at least 4 OFDM symbols while PD2DSCH occupies the rest available symbols in a subframe for synchronization.
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5. Appendix
Table 1: link level simulation assumptions

	Simulation Parameters
	Values

	UE antenna configuration
	1 TX 2 RX

	Channel model
	ITU UMI NLOS

	Bandwidth
	10 MHz

	D2DSS format
	Repeated PSS in continuous two symbols

	Timing difference for each Tx D2D UE
	Uniform distribution between [-4,4]us

	Frequency offset for each Tx D2D UEs
	Uniform distribution between [-200,200]Hz

	Multiple access type
	OFDMA

	UE mobile speed
	3km/h

	CP type
	Normal CP
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Figure 4: Timing error for single D2DSS (left) and SFN based D2DSS (right, 5 D2DSS) in different SNR
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Figure 5: Frequency offset for single D2DSS (left) and SFN based D2DSS (right, 5 D2DSS) in different SNR
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