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1. Introduction
After the discussion on synchronization design in RAN1#77 meeting, the agreement on synchronization resource allocation is summarized by following.
Agreement:
· D2DSS transmission configuration is the same between D2D discovery and D2D communication if NW supports both D2D communication and discovery

· For Type 1 discovery

· For a cell, within a discovery period, the first sub-frame of the transmission pool can be used for transmitting the PD2DSS and SD2DSS by UEs transmitting discovery signals

· If Type 1 resource pool is configured using SIB then the PD2DSS and SD2DSS sequence transmitted is configured using SIB
· The same PD2DSS and SD2DSS sequences is used for D2D communication
· Else sequence transmitted can be configured using dedicated RRC signaling

· For Type 2B discovery

· eNodeB can instruct UE to transmit PD2DSS and SD2DSS

· For both Type 1 and Type 2B the reception pool information contains information (implicitly or explicitly) on which time resources and sequences UE should monitor for PD2DSS and SD2DSS if transmission of PD2DSS and SD2DSS is configured

· FFS: If all discovery UEs transmit D2DSS

In this contribution, we further discuss the resource allocation for D2DSS and PD2DSCH.
2. Discussion
In RAN1#77 meeting, it was agreed that discovery UEs could transmit D2DSS in the discovery resource pool within a discovery period. To support D2D communication, D2DSS transmitted by communication UEs which is used for synchronized communication and multi-hop D2DSS should also be specified. In the following sections, we discuss the resource allocation of D2DSS/PD2DSCH separately for different usage. To be convenient for description, the D2DSS transmitted in discovery resource pool for discovery is so-called discovery-associated D2DSS, while the D2DSS used for D2D communication with multiple hops is so-called communication-associated D2DSS. The same definition is also applied to our other contributions.
2.1. Resource allocation for discovery-associated D2DSS
Discovery-associated D2DSS can be exploited by D2D UEs in neighboring cells to acquire the synchronization reference to receive the discovery signal. Since the D2DSS is followed by discovery signal from the same cell, receiver can detect the discovery signal after detection of this D2DSS. In this case, the discovery resource pool information can also be informed to receiver with D2DSS to avoid unnecessary detection. It can be achieved by a PD2DSCH following discovery-associated D2DSS in the same subframe. In the subframe carrying discovery-associated D2DSS, the remaining symbols which is not enough for discovery transmission could be used for transmission of this PD2DSCH (so-called discovery-associated PD2DSCH) without additional overhead. The Rx resource pool and other discovery resource information, e.g. repetition number, frequency hopping pattern, can be carried in this PD2DSCH. The detail of the PD2DSCH design can be found in [1].
Proposal 1: If discovery-associated D2DSS configured by eNB is transmitted, the corresponding discovery-associated PD2DSCH is also transmitted in the same subframe to carry the discovery resource information.
For a D2D UE transmitting discovery signal, whether it can become a synchronization source and transmit discovery-associated D2DSS is configured by eNB according to the agreement on synchronization procedure. This implies that there may be only part of discovery UEs in a cell transmitting D2DSS. In our contribution [2], we also propose that RSRP is used for in-coverage UEs to judge whether it can transmit D2DSS. With this assumption, for a discovery UE who is not a synchronization source, it should still perform rate-matching in the reserved synchronization resource that may be used by other discovery UEs to transmit D2DSS.
Proposal 2: For a discovery UE, it should assume that D2DSS may be transmitted in reserved synchronization resource of its serving cell and rate-matching is always performed.
2.2. Resource allocation for communication-associated D2DSS
Considering discovery-associated D2DSS is transmitted in discovery resource pool, independent synchronization resources should be configured for communication-associated D2DSS. This D2DSS can be used for synchronized reception of communication signal for D2D UEs with different synchronization reference. As discussed in [3], it may also be forwarded by some times to enlarge the synchronization range of an eNB or ISS for synchronized communication transmission. 
To support D2D communication which is likely to be transmitted with short interval, and also ensure the synchronization accuracy of multi-hop D2DSS, communication-associated D2DSS should be transmitted in short periodicity. The periodicity should be much smaller than the periodicity of discovery-associated D2DSS, e.g. a candidate can be 100ms. For in-coverage UEs, the periodicity can be configured by eNB based on the cellular traffic and overhead. For out-of-coverage UEs, the pre-configure periodicity can be smaller than that of in-coverage UEs since the physical resources are more sufficient. 
Proposal 3:D2DSS transmission for communication is independent from D2DSS for discovery, while its periodicity is expected to be much shorter than that of D2DSS for discovery
To indicate the Tx resource pool of communication for out-of-coverage UEs or carry D2D frame number for synchronization, PD2DSCH should be transmitted following communication-associated D2DSS. In [3], it is proposed that multi-hop is supported for communication-associated D2DSS. For synchronized D2DSS/PD2DSCH with different stratum level, though their timing reference is approximate, but carried information would be different. For example, D2DSS in D2DDue_net would carry the information of stratum level via synchronization source type. PD2DSCH of in-coverage UEs would carry the resource pool information while PD2DSCH of out-of-coverage UEs synchronized to eNB would not. To avoid interference among D2DSS/PD2DSCH from the same synchronization source and with different stratum level, they should occupy orthogonal synchronization resources. 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 within the SFN signal. With this multiplexing mechanism in mind, we analyze the synchronization resource allocation in different scenarios.
Out-of-coverage scenarios
Assuming that multi-hop D2DSS is supported with a maximal value limitation M to the stratum level [2], M+1 subframes can be allocated as synchronization resources per period in each out-of-coverage synchronization cluster as shown in Fig.1. One synchronization resource occupies the 6 central RBs of a subframe, and synchronization signal with different stratum levels occupy different resources. An out-of-coverage UE can transmit synchronization signal in the next synchronization resource after the synchronization resource of its reference synchronization source if the stratum level of its D2DSS is smaller than M. Then it can update its synchronization reference immediately after detection of D2DSS from its reference synchronization source.
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Figure 1: synchronization resource pattern with maximal stratum level M=1 in out-of-coverage scenarios
Partial coverage scenarios
In partial coverage scenarios, the synchronization resources should be allocated for both in-coverage UEs and out-of-coverage UEs. If the synchronization source periodicity of in-coverage UEs is also pre-configured to be the same as that of out-of-coverage UEs, the synchronization source pattern in Fig.1 can be fully reused for in-coverage UE (instead of ISS UEs) and out-of-coverage UEs. However, if the synchronization source periodicity of in-coverage UEs is configured by eNB, which may be different from that of out-of-coverage UEs, it would be more complex for out-of-coverage UEs to track the synchronization of in-coverage UEs and update its own synchronization accordingly. To reduce the latency of the synchronization update, and also reduce the power consumption, it is preferred for out-of-coverage UEs to transmit and receive D2DSS within one synchronization resource buffer like the case in out-of-coverage scenarios (Fig.1). This can be easily achieved by restricting the configurable periodicity values for in-coverage UEs to be times of the pre-configured periodicity for out-of-coverage UEs. 

The corresponding synchronization resource pattern is shown in Fig.2. For out-of-coverage UEs synchronized to eNB, M subframes are pre-configured as synchronization resources with pre-configured periodicity. One additional resource is reserved for synchronization signal transmission of in-coverage UEs with eNB-configured periodicity. That means in some pre-configured period, in-coverage UEs would not transmit synchronization signal. An out-of-coverage UE can start to transmit D2DSS in the next synchronization resource after that of reference synchronization source with preconfigured periodicity like the UE procedure in out-of-coverage scenarios. 
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Figure 2: synchronization resource pattern with maximal stratum level M=1 in partial coverage scenarios
Proposal 4: D2DSS/PD2DSCH for communication occupies synchronization resource according to its stratum level.

· M+1 subframes are pre-configured as synchronization resources per pre-configured period for out of coverage UEs synchronized to ISS, where M is the maximal stratum level of synchronization signal.
· M subframes are pre-configured as synchronization resources per pre-configured period for out of coverage UEs synchronized to eNB, where M is the maximal stratum level of synchronization signal.
· One subframe is configured as synchronization resource per synchronization resource period for in-coverage UEs.

Proposal 5: The synchronization resource periodicity of in-coverage UEs for communication is one or multiple times of pre-configured periodicity for out-of-coverage UEs.
2.3. Resource multiplexing within one synchronization source
Within one synchronization resource, a receiving UE needs to detect D2DSS first, and then detects corresponding PD2DSCH based on the detection result of D2DSS if PD2DSCH is supported. D2DSS and PD2DSCH can be TDMed within a subframe to match the process.  Since some information associated with the priority of D2DSS may be carried by PD2DSCH, e.g. stratum level, the same resource period is preferred for D2DSS and PD2DSCH to ensure each D2DSS makes sense for receiver. This design would also simplify the synchronization subframe design.
As proposed in [1], two symbols are allocated respectively for PD2DSS and SD2DSS. Two continuous symbols in the start of a synchronization subframe could be allocated for PD2DSS for synchronization. Another two symbols are allocated to transmit SD2DSS, which is also used for channel estimation of PD2DSCH. Except the symbols for D2DSS and GP, 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 6: The same synchronization resource periodicity is used for the resources of D2DSS and PD2DSCH.
Proposal 7: D2DSS occupies 4 OFDM symbols while PD2DSCH occupies the rest available symbols in a synchronization resource (subframe).
3. Conclusion
In this contribution, allocation for synchronization resources carrying D2DSS and PD2DSCH is discussed with analysis on transmission mechanism of D2DSS/PD2DSCH in synchronization resources. Resource multiplexing between D2DSS and PD2DSCH is also analyzed. Our proposals are summarized below.
Proposal 1: If discovery-associated D2DSS configured by eNB is transmitted, the corresponding discovery-associated PD2DSCH is also transmitted in the same subframe to carry the discovery resource information.
Proposal 2: For a discovery UE, it should assume that D2DSS may be transmitted in reserved synchronization resource of its serving cell and rate-matching is always performed.

Proposal 3:D2DSS transmission for communication is independent from D2DSS for discovery, while its periodicity is expected to be much shorter than that of D2DSS for discovery
Proposal 4: D2DSS/PD2DSCH for communication occupies synchronization resource according to its stratum level.

· M+1 subframes are pre-configured as synchronization resources per pre-configured period for out of coverage UEs synchronized to ISS, where M is the maximal stratum level of synchronization signal.
· M subframes are pre-configured as synchronization resources per pre-configured period for out of coverage UEs synchronized to eNB, where M is the maximal stratum level of synchronization signal.
· One subframe is configured as synchronization resource per synchronization resource period for in-coverage UEs.

Proposal 5: The synchronization resource periodicity of in-coverage UEs for communication is one or multiple times of pre-configured periodicity for out-of-coverage UEs.
Proposal 6: The same synchronization resource periodicity is used for the resources of D2DSS and PD2DSCH.
Proposal 7: D2DSS occupies 4 OFDM symbols while PD2DSCH occupies the rest available symbols in a synchronization resource (subframe).
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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
[image: image6.emf]-1500 -1000 -500 0 500 1000 1500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Average foe

CDF

CDF of frequency estimiation error 

 

 

-10dB

-5dB

0dB

5dB

10dB

 [image: image7.emf]-1500 -1000 -500 0 500 1000 1500

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Average foe

CDF

CDF of frequency estimiation error 

 

 

-10dB

-5dB

0dB

5dB

10dB


Figure 5: Frequency offset for single D2DSS (left) and SFN based D2DSS (right, 5 D2DSS) in different SNR
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