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1
Introduction
In this contribution, we argue that TDM of D2DSS and PD2DSCH should be supported based on link level simulation results (also submitted in RAN1 #75 [4]).

We note that a couple of working assumptions for D2D synchronization and timing were obtained at RAN1 #74BIS [1]:

· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS
· A synchronization source is any node transmitting D2DSS 

· A synchronization source has a physical identity PSSID

· If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

Building on the agreements in [1], we propose that TDM resource allocation be supported for D2DSS and PD2DSCH. 
We argue that TDM resource allocation can facilitate multiuser synchronization and thereby improve synchronization performance. We demonstrate this through a multiuser “link” simulation in Section 2, and conclude the contribution in Section 3. A candidate design for TDM resource allocation and D2D synchronization signal design is provided in a companion document [2]. 

2 
Enabling multi-user synchronization
To justify TDM resource allocation, we consider the following three schemes (please refer to Figure 2-1): 

1. SFN – single (repeated) resource allocated for synchronization and hence multiple D2DSSs occupy the same resource
2. TDM1 – multiple TDMed (repeated) resources allocated for synchronization, and receiver UE synchronizes to the strongest UE received on the resources
3. TDM2 -- multiple TDMed (repeated) resources allocated for synchronization & receiver UE derives frequency synchronization by linearly combining frequency offsets derived from the received signals. We note the weights of the linear combination are chosen based on the SNR values of the received D2DSS signals.

[image: image1.jpg]ﬁm‘

Combined 02055

17



                    [image: image2.jpg]Strongest 02055

Y =




(a) SFN










 




(b)
TDM1
[image: image3.jpg](- .
ﬂjﬁﬁjm‘

- AnD20sss

‘ 114




(c) TDM2

Figure 2-1 Different Multi-user Synchronization Schemes

We study D2DSS to consist of at least two PD2DSS, similar to LTE PSS signals, separated by 1ms, and the link level frequency synchronization algorithm with respect to a UE is given by:

Link level frequency synchronization algorithm: after successfully detecting the D2DSS, the frequency offset can be estimated and resolved from the phase shift between the two received PD2DSS sequences. 

We simulate the performance of these algorithms on a simple partial-network scenario as shown in Figure 2-2. In particular, we assume a number of UEs are within the coverage of an eNB, and transmit D2DSS based on their synchronization to eNB to an out-of-cell UE. We focus on the frequency aspects of synchronization, hence assume that time acquisition is done successfully. 
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Figure 2-2 Partial-network Synchronization
According to [3], the in-coverage UEs may have a frequency offset of up to +/- 0.1 ppm with respect to the serving eNB. In our simulation, we consider a frequency offset uniformly distributed in [-0.1ppm, +0.1ppm] for each in-coverage UE and independent of other UEs. We evaluate the performance of these three frequency synchronization algorithms by studying the absolute frequency offset of the out-of-cell UE with respect to eNB.
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Figure 2-3 AWGN channel, SNR of each D2DSS: +4 dB

Figure 2-3 compares the performance of the synchronization schemes for an AWGN channel model, while the results with a multi-path fading channel model (PED-A) are depicted in Figure 2-4. The presented results are corresponding to one-shot frequency offset estimation.
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Figure 2-4 PED-A channel, average SNR of each D2DSS: +4 dB
It is seen that the proposed frequency synchronization TDM2 ourperforms TDM1 which outperforms SFN scheme. 

Observation 1: The peformance of the schemes are ordered as: TDM2 (best) > TDM1 > SFN (worst)
Proposal 1:  TDM resource allocation for D2DSS and PD2DSCH from different UEs should be supported.
3 
Conclusion

In this contribution we showed the TDM resource allocation can lead to improved performance, and hence made the following observation and proposal.  

Observation 1: The peformance of the schemes are ordered as: TDM2 (best) > TDM1 > SFN (worst)
Proposal 1:  TDM resource allocation for D2DSS and PD2DSCH from different UEs should be supported.
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