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1. Introduction
The design of D2DSS and PD2DSCH was discussed in RAN1#76Bis meeting. How to generate D2DSS and whether to transmit PD2DSCH are still under discussion. Current evolution is summarized as below.
Working assumption:
· More than one symbol is used for D2DSS transmission in a subframe containing D2DSS

· FFS detailed structure
· FFS the number of PD2DSS symbols in the same subframe
· FFS: Whether SD2DSS is necessary, and if so, how many symbols are used

· FFS: Whether D2DSS can be used to demodulate PD2DSCH if PD2DSCH is supported and transmitted in the same subframe
Agreement:
· D2DSS of synchronization source derived from eNB is different to D2DSS of synchronization source not derived from eNB 

Conclusion:

· Further investigation is needed until RAN1 #77 meeting about followings

· Information on the resources in which D2D transmission can/cannot occur can be forwarded by D2D UE who obtained it from eNB
· Interference from out of coverage D2D UE to LTE NW

· Necessity of this information

· Inter-cell resource alignment
In this contribution, we discuss the design of D2DSS and PD2DSCH. To simplify the specification effort and UE design, the synchronization signal design in LTE is reused as much as possible. 
2. Discussion
2.1. On PSSID
In our contribution [1], we discuss the resource allocation for D2DSS/PD2DSCH, and solve the issue of multiplexing D2DSS/PD2DSCH transmitted by different D2D UEs synchronized to the same eNB or ISS. However, similar issue also exists for D2DSS/PD2DSCH transmitted by D2D UEs synchronized to different eNBs or ISSs which are synchronized to each other. The information carried by D2DSS/PD2DSCH could be different if the original synchronization sources are different. A typical scenario is that for synchronized neighboring cells belonging to different eNBs, the resource pool carried by PD2DSCH could be independent. This issue is similar to the case of PSS/SSS and PBCH transmission from synchronized cells in LTE. A cell-related ID is also needed to further reduce the interference among the D2D signal from different cells. In this case, a PSSID can be introduced for generation of D2DSS/PD2DSCH similar to cell ID in LTE to differentiate the D2DSS/PD2DSCH from different cells. For D2DSS/PD2DSCH derived from eNB, the PSSID can be derived from Cell ID, while for D2DSS/PD2DSCH derived from UEs, the PSSID can be selected by ISS UEs from some predefined values.
The PSSID could be carried by D2DSS or by PD2DSCH. If the same synchronization resources are pre-defined/configured for neighboring cells, which could be a natural case in synchronized network, using PSSID to scramble the PD2DSCH and generate the DMRS of PD2DSCH would be beneficial to improve demodulation performance of PD2DSCH by interference randomization. Therefore, it is preferred to carry the PSSID in D2DSS. Even when PD2DSCH is not transmitted together with D2DSS, the PSSID can also be derived from D2DSS and adopted for generation of other D2D signal.
Proposal 1: PSSID is introduced to distinguish D2DSS/PD2DSCH derived from different synchronization sources and different synchronization source types (eNB or UE).
· For D2DSS/PD2DSCH derived from eNB, the PSSID is derived from corresponding cell ID.
· For D2DSS/PD2DSCH derived from ISS UE, the PSSID is determined by the ISS UE.
· PSSID can be carried by D2DSS.
2.2. D2DSS design
To reduce the specification effort and UE complexity to generate D2DSS, the structure and sequence generation method of LTE PSS/SSS can be reused as much as possible for D2DSS. D2DSS can comprise of a PD2DSS and a SD2DSS, and the SD2DSS is necessary to carry the PSSID. PD2DSS is a ZC sequence with the same length and sequence generation as that of PSS, while SD2DSS is an m sequence with the same length and sequence generation method as that of SSS. The PSSID carried by D2DSS can be derived from N_D2DID_1 and N_D2DID_2, which are individually carried by PD2DSS and SD2DSS. Considering the information of original synchronization type (eNB/UE) should also be carried by D2DSS, the PSSID can be divided into two groups: one for synchronization sources derived from eNB, and the other for synchronization sources derived from ISS UEs. A simple method could be the PSSIDs mapped from two of the root indexes of PD2DSS are used for synchronization sources derived from eNB, while the PSSIDs mapped from another root index of PD2DSS are used for synchronization sources derived from UE. Then a D2D UE could be aware of the synchronization source type of D2DSS after detection of only PD2DSS.
For FDD, the three values of root index u for PSS can be fully reused. But for TDD, since the blind detection of PSS and PD2DSS would be performed in the same bandwidth, different sequences from those of PSS for PD2DSS is expected to differentiate the sequences from UEs and sequences from eNB  A simple method to differentiate the sequence is adopting three different root indexes u for PD2DSS in TDD. According to contribution [4] for P-SCH design, the new indexes could be {31, 32, 38}, which would provide lowest CM as well as low frequency offset sensitivity. Considering PD2DSS is transmitted by UEs, lower CM than that of PSS could ensure at least comparable synchronization performance with PSS.
For SD2DSS, the specification effort could be minimized by fully reusing the SSS in LTE. However, the PAPR of most SSS sequences is higher than that of PSS, which would lead to performance loss of SD2DSS transmission. To avoid this case, as proposed in [2], m sequences of SSS can be down-selected to derive the sequences of SD2DSS to ensure similar PAPR as PD2DSS. The number of PSSID would be accordingly reduced to be less than 504, but still enough to differentiate different synchronization sources and source types.
It is natural that DL timing is used for D2DSS transmission in FDD for both RRC_CONNECTED and RRC_IDLE UEs. Considering D2DSS may be FDMed with cellular transmission of other UEs (including legacy UEs), it would be better for TDD UEs to use an offset of 624Ts similar to that of type 1 discovery. In contribution [5], we show that the performance of cellular transmission may be degraded if this offset is not introduced for discovery signal. The case is the same for D2DSS if cellular transmission is scheduled in neighboring subbands. To avoid large timing difference between cellular signal and D2DSS, the timing for type 1 discovery transmission can be used for D2DSS transmission. An offset of 624Ts for D2DSS in TDD is also consistent with other D2D signal.
Proposal 2: D2DSS consists of PD2DSS and SD2DSS.
· PD2DSS reuses the sequence generation method of LTE PSS, but using different root indexes u to avoid unexpected detection for TDD system e.g. u = {31, 32, 38}.
· The sequences of SD2DSS are derived from the m sequences of LTE SSS to avoid the PAPR issue.
· DL timing is used for D2DSS transmission in FDD, while an additional 624Ts offset is used in TDD.

2.3. PD2DSCH design
In RAN1#76Bis meeting, whether the information of resources on which D2D transmission can/cannot occur is forwarded by in-coverage UEs was discussed without conclusion. In this section, we further analyze the necessity of this information from scenarios of partial coverage and inter-cell D2D transmission.
Partial coverage scenario
The interference case in partial coverage scenario is shown in Figure 1. UE1 and UE 2 are cell-edge UEs within network coverage, which transmit D2D signal in Tx resource pool configured by eNB. UE 3 and UE 4 are out-of-coverage UEs around the network coverage, which transmit D2D signal in pre-configured resource pool independent from in-coverage resource pool. When UE1 is transmitting uplink WAN signal, UE3 may also transmit D2D signal to UE4 at overlapped resources. Since no power control is likely to be performed for out-of-coverage UEs, UE3 would transmit D2D signal with maximal transmit power. The D2D signal from UE3 would be significant interference to the uplink signal of UE1, especially when the transmit power of UE3 is 31dBm. If there are multiple out-of-coverage UEs transmitting D2D signal, the interference would be accumulated. The uplink signal from UE1 would also be a significant interference to the D2D transmission from UE3 to UE4, especially when UE1 is closer to UE4 than UE3.
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Figure 1: Interference case in partial coverage scenario
The above interference can be avoided if UE3 and UE4 can reuse the Tx resource pool of in-coverage UEs. The out-of-coverage D2D links could occupy resources orthogonal with the resources for in-coverage cellular transmission and most of in-coverage D2D transmission. Even if the in-coverage Tx resource pool is not so sufficient to ensure the orthogonality of in-coverage and extended-coverage D2D transmission, at least the interference to WAN transmission can be avoided. Furthermore, the out-of-coverage UEs does not need to monitor a mass of physical resources to scan the D2D signal from in-coverage UEs with the in-coverage resource pool information, which can avoid considerable power consumption.
Inter-cell D2D transmission
During inter-cell D2D transmission, a D2D UE would be not able to detect the D2D signal from neighboring cells if it has no information on the D2D resource pool of neighboring cells, even when it has derived the synchronization of neighboring cells. Although eNB can try to configure an Rx resource pool to cover the Tx resource pools of neighboring cells for UE to detect signal, there is still issue. In asynchronized network, even if the serving cell can acquire the resource pool of neighboring cells, the eNB is still not able to configure an Rx resource pool to cover all the Tx resource pools of asynchronized neighboring cells. If a huge Rx resource pool is configured (e.g. UEs need to scan all the physical resources), the power consumption for D2D detection would be unacceptable. If the Tx resource pool configured be eNB can be forwarded by in-coverage UEs to neighboring cells, a D2D UE only needs to detect D2D signal in the Tx resource pool carried by each received PD2DSCH according to the synchronization acquired from corresponding D2DSS. The detection complexity can be significantly reduced at the cost of small payload in PD2DSCH.

Proposal 3: PD2DSCH is needed at least to carry the transmission resource information of in-coverage UEs.
The PD2DSCH can also reuse the PUSCH structure to simplify the design like other D2D channel. Considering similar functionality between that of PD2DSCH and PBCH, some design of PBCH can also be reused for PD2DSCH. For example, as the payload of PD2DSCH is not likely to be larger than 100bits, QPSK modulation, tail-biting convolutional code and 16bits CRC can be reused. The scrambling method of PBCH can also be reused, and the scrambling sequence can be generated using PSSID instead of Cell ID. If D2DSS and PD2DSCH are TDMed in the same subframe as described in [1], D2DSS can be the DMRS of PD2DSCH for its channel estimation. 
Proposal 4: The structure of PD2DSCH can reuse that of PUSCH and PBCH.
· QPSK modulation.
· Tail-biting Convolutional code and 16bits CRC
· D2DSS reused as the DMRS.
· The scrambling sequence generated similar to that of PBCH using PSSID instead of Cell ID.
The contents that may be carried by PD2DSCH are summarized below:
· Stratum level
· Stratum level information (maximum of 3 levels) for D2DSS selection as proposed in [3].
· In-coverage resource pools used for D2D synchronization/discovery/control channel/communication
· Bandwidth of in-coverage D2D transmission 
· Could also be included in resource pool information.
· TDD configuration 
· Could also be included in resource pool information.
· CP length 
· Considering the CP length of D2D signal from in-coverage UEs is configurable by eNB.
· Time-domain resources information
· Radio frame number
· FFS: current subframe index
· FFS: a D2D system frame number
The resource pool information and CP length is carried by PD2DSCH of in-coverage UEs. The CP length indication can ensure out-of-coverage UEs occupying in-coverage resource pool use the same CP length as in-coverage UEs, but also avoid the receiver to blindly detect different CP lengths for other D2D signal. Although only in-coverage discovery is supported in Rel-12, carrying discovery resource pool in PD2DSCH would help D2D UEs in other cells to detect the discovery signal for reception. In the case of partial communication, at least the Mode 2 resource pool for communication control channel and data should be forwarded in PD2DSCH for neighboring out-of-coverage UEs to transmit in the resource pool. The indication of Mode 1 resource pool would also assist out-of-coverage UEs or UEs in neighboring cells to detect the Mode 1 communication signal. Furthermore, if the synchronization resources are independently configured by each eNB, the synchronization source periodicity in PD2DSCH would also help receiver to track the synchronization of transmitter. Considering the overhead of resource information would be significantly larger than that of other information, at least two different PD2DSCH formats with or without resource pools can be defined. The details can be found in Table 1 and Table 2.
Table 1: PD2DSCH with resource pool for in-coverage UEs
	Indication content
	Number of bits
	description

	Radio frame index
	10 or less
	Current radio frame index or D2D frame index, can be assistant information to confirm resource pool

	Stratum level
	0
	The stratum level of in-coverage UEs is fixed to 0

	Resource pool configuration
	tens of bits
	In-coverage resource pools used for D2D synchronization/discovery/control/communication:
1) Synchronization resource periodicity *
2) Tx resource pool of discovery
3) Tx resource pool for Mode 1/2 SA
4) Tx resource pool for Mode 1/2 communication data

	Bandwidth
	0 or 3
	Bandwidth of in-coverage D2D transmission;

could be 0 if it can be included in resource pool information

	TDD UL/DL configuration
	0 or 3
	assistant information to confirm resource pool in TDD;
could be 0 if it can be included in resource pool information or for FDD

	CP length
	1-3
	To indicate the CP length of in-coverage D2D signal. 
The number of bits depends on whether the same CP length is used for discovery/SA/communication data.


Table 2: PD2DSCH without resource pool for out-of-coverage UEs
	Indication content
	Number of bits
	description

	Radio frame index
	0 or10 or less
	If the D2D transmission resource is not associated with radio frame or subframe, the field is not needed; could also be the D2D frame index;

	Stratum level
	1/2
	If the D2DSS is derived from eNB, 1 bit is used to indicate the stratum level of 1 or 2;

If the D2DSS is derived from ISS, 2 bits to indicate the stratum level of 0/1/2;

Note: the maximal value of stratum level is assumed to be 2 as proposed in [3].


Proposal 5: Two PD2DSCH formats in Table 1 and 2 are proposed for different types of UEs.
3. Conclusion
In this contribution, the signal design of D2DSS and PD2DSCH is discussed. The signal structure and information carried by D2DSS/PD2DSCH are analyzed. Two formats are proposed for PD2DSCH transmission of different types of UEs with different information. The proposals are summarized as below.
Proposal 1: PSSID is introduced to distinguish D2DSS/PD2DSCH derived from different synchronization sources and different synchronization source types (eNB or UE).
· For D2DSS/PD2DSCH derived from eNB, the PSSID is derived from corresponding cell ID.
· For D2DSS/PD2DSCH derived from ISS UE, the PSSID is determined by the ISS UE.
· PSSID can be carried by D2DSS.
Proposal 2: D2DSS consists of PD2DSS and SD2DSS.
· PD2DSS reuses the sequence generation method of LTE PSS, but using different root indexes u to avoid unexpected detection for TDD system, e.g. u = {31, 32, 38}.
· The sequences of SD2DSS are derived from the m sequences of LTE SSS to avoid the PAPR issue.
· DL timing is used for D2DSS transmission in FDD, while an additional 624Ts offset is used in TDD.

Proposal 3: PD2DSCH is needed at least to carry the transmission resource information of in-coverage UEs.
Proposal 4: The structure of PD2DSCH can reuse that of PUSCH and PBCH.

· QPSK modulation.
· Tail-biting Convolutional code and 16bits CRC
· D2DSS reused as the DMRS.
· The scrambling sequence generated similar to that of PBCH using PSSID instead of Cell ID.
Proposal 5: Two PD2DSCH formats in Table 1 and 2 are proposed for different types of UEs.
4. References
[1]. R1-142006, “Resource allocation for D2D synchronization”, CATT, Seoul, Korea, 19th – 23rd May 2014
[2]. R1-141564, “Discussion on D2DSS design”, Broadcom Corporation, Shenzhen, China, 31th March – 4th April 2014
[3]. R1-142009, “Discussion on D2D synchronization procedure”, CATT, Seoul, Korea, 19th – 23rd May 2014
[4]. R1-072860, “P-SCH design”, LG Electronics, Orlando, USA, 25th – 29th, June, 2007
[5]. R1-140099, “The value of T2 for D2D transmission timing”, CATT, Prague, Czech Republic, 10th – 14th February 2014




















































































_1461139598.vsd
�

无线电发射塔


�

UE1


Cell 1


UE3


Coverage of eNB


D2D signal


Cellular signal


Interference


UE4


Interference


Extended Coverage



