
3GPP TSG RAN WG1 Meeting #78

   R1-142893
Dresden, Germany, 18th – 22nd August 2014

Source:
CATT
Title:
Design of D2DSS and PD2DSCH
Agenda Item:
7.2.3.3.2
Document for:
Discussion and Decision
1. Introduction
The design of D2DSS and PD2DSCH was discussed in RAN1#77 meeting. How to generate D2DSS sequence and whether to transmit PD2DSCH was discussed with following evolution:
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

Working Assumption:

· A synchronization resource contains 

· In a sub-frame:

· FFS whether 1 or 2 symbols are PD2DSS

· If 2 symbols, sequences in the different PD2DSS symbols use the same root indices 

· FFS whether 1 or 2 symbols are SD2DSS

· Number of symbols for PD2DSS will not be less than the number of symbols for SD2DSS

· Exact symbol locations are FFS

· PD2DSS is 62 length Rel-8 PSS sequence mapped centrally symmetric around D.C. frequency – FFS if root indices are same or different than  Rel-8 PSS root indices (note that if OFDM and Rel-8 PSS root indices, then the waveform would be the same as Rel-8 PSS)

· FFS: if PD2DSS is OFDM or SC-FDM without DFT pre-coding

· FFS if SD2DSS is OFDM or SC-FDM 

· If SD2SS is SC-FDM, FFS if it is DFT pre-coded
In this contribution, we further 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
As discussed in [1], D2DSS/PD2DSCH transmission could be used for D2D discovery or communication. D2DSS/PD2DSCH for discovery transmitted in discovery resource pool is so-called discovery-associated D2DSS/PD2DSCH, while D2DSS/PD2DSCH separately transmitted for communication is so-called communication-associated D2DSS/PD2DSCH. If not specified, the following discussion on D2DSS/PD2DSCH is applied to both types of D2DSS.
2.1. D2DSS design
It was agreed that D2DSS consists of PD2DSS and SD2DSS. One or two OFDM symbols may be used respectively for PD2DSS or SD2DSS transmission. For PD2DSS, two OFDM symbols are preferred to avoid chip level detection when a D2D UE is scanning for unsynchronized D2DSS. That can also improve the synchronization accuracy especially for frequency offset estimation. Two OFDM symbols for SD2DSS are also preferred to improve the channel estimation performance and frequency calibration.
Proposal 1: Two OFDM symbols are respectively used for PD2DSS and SD2DSS transmission.
The multiple access schemes of PD2DSS and SD2DSS should also be considered. As described in [1], D2DSS is likely to be multiplexed with PD2DSCH in the same subframe. Since PD2DSCH would naturally reuse the multiple access type of PUSCH (SC-FDM) to ensure PAPR, SC-FDM is also proposed for D2DSS transmission. For PD2DSS whose PAPR is very low, DFT-precoding is not needed. For SD2DSS, DFT-precoding could be considered as an alternative solution to solve the PAPR issue.
Proposal 2: SC-FDM is used for PD2DSS and SD2DSS.

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. Some root indexes with lower CM than the indexes of PSS is expected.
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, m sequences of SSS can be down-selected to derive the sequences of SD2DSS to ensure similar PAPR as PD2DSS. The number of SSID would be accordingly reduced to be less than 504, but is expected to be still enough to differentiate different synchronization sources.
Proposal 3: Different root indexes u from those of PSS are used for PD2DSS.
Two D2DSS groups, D2DSSue_net and D2DSSue_oon, were defined in RAN1#77 meeting to distinguish the D2DSS originally from eNB and D2DSS originally from UE. That implies D2DSS should carry at least the information to indicate the original synchronization source type. Among D2DSS in D2DSSue_net, it would be beneficial to further differentiate the D2DSS from in-coverage UEs and D2DSS from out-of-coverage UEs synchronized to eNB. On one hand, in-coverage UEs has higher priority as reference synchronization source, and D2DSS selection can be performed directly based on D2DSS. On the other hand, as discussed in section 2.2, in-coverage UEs may transmit PD2DSCH with different format from that of out-of-coverage UEs, and then the synchronization source information can avoid the blind detection of different PD2DSCH formats in receiver. The three different synchronization source types (in-coverage UEs, out-of-coverage UEs synchronized to eNB and out-of-coverage UEs synchronized to UE) can be simply indicated by the three root indexes of PD2DSS. A D2D UE could be aware of the synchronization source type of the transmitter after detection of only PD2DSS.  It should be noticed that the root index is fixed for discovery-associated D2DSS since the transmitter is always sin-coverage UEs in Rel-12.
As proposed in [2], a SSID is also carried by D2DSS to differentiate different original synchronization sources, e.g. different cells or different ISSs. SSID could be carried by SD2DSS and the number of IDs is depended on the number of SD2DSS sequence. Tens of IDs are expected to be sufficient to distinguish neighboring cells or ISSs.
Proposal 4: PD2DSS carries the information of synchronization source type. The synchronization source type indicated via root indexes of PD2DSS includes in-coverage UEs, out-of-coverage UEs transmitting D2DSS within D2DSSue_net and out-of-coverage UEs transmitting D2DSS within D2DSSue_oon.
Proposal 5: SD2DSS carries the information of SSID.
2.2. PD2DSCH design
The PD2DSCH can also reuse the PUSCH structure to simplify the design like other D2D channels. 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 SSID instead of Cell ID. If D2DSS and PD2DSCH are TDMed in the same subframe as proposed in [1], D2DSS can be the DMRS of PD2DSCH for its channel estimation.
Proposal 6: 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 SSID instead of Cell ID.
The contents that may be carried by PD2DSCH are summarized below: 
· D2D frame number
· For in-coverage UEs, D2D frame number is derived from SFN.
· The information may be only carried by communication-associated PD2DSCH.
· Stratum level
· Stratum level information for D2DSS selection as proposed in [3] for out-of-coverage UEs.
· In-coverage resource pools used for D2D synchronization/discovery/communication
· Including the CP length used in each resource pool if it is configurable.
· UL/DL configuration for TDD 
· Could also be included in resource pool information.
For in-coverage UEs, the D2D frame number could be equal to SFN to be consistent with cellular transmission. For out-of-coverage UEs synchronized to eNB, the same definition should be used to ensure the same interrupt of frame number. For out-of-coverage UEs synchronized to UE, a similar D2D frame number can be defined with the same frame length but potentially different frame structure. The forwarding of UL-DL configuration for TDD to out-of-coverage UEs is necessary to avoid the interference to cellular UEs. If neighboring out-of-coverage UEs transmit D2D signal in cellular DL subframes with maximal transmit power, the cell-edge UEs would not able to decode the DL signal from eNB.
As described in [2], the resource pool in PD2DSCH is used for transmission or reception of D2D signal for out-of-coverage UEs in partial coverage scenarios, or for reception of D2D signal in neighboring cells. In PD2DSCH associated with different traffic types, different resource information may be carried.
· In discovery-associated PD2DSCH, discovery resource information is carried to help D2D UEs in other cells to detect the discovery signal with low complexity. The discovery resource information includes the Rx resource pool and the number of repetition. Since the eNB may not always acquire the resource pool information of neighboring cells without inter-cell coordination, signaling of this information via RRC signaling is not reliable.
· In communication-associated PD2DSCH transmitted by in-coverage UEs, at least the Mode 2 resource pool for communication control channel and data should be carried for neighboring out-of-coverage UEs to transmit in the resource pool. This is beneficial to restrict the interference with the cellular transmission considering power control is not likely to be adopted by out-of-coverage UEs. 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. The CP length of each resource pool should also be included for transmission or reception.
· In communication-associated PD2DSCH transmitted by out-of-coverage UEs, no resource pool is needed to be carried, and the receiver would always use preconfigured resource pool.
Considering the information and payload is different for the above types of PD2DSCH, some PD2DSCH formats can be defined for different usage. The details can be found in Table 1-4. D2D UEs only supporting discovery only need to detect Format 1. For D2D UEs only supporting communication, who need to detect Format 2-4, the format is implicitly indicated by the synchronization source type carried by D2DSS as mentioned in section 2.1. If both discovery and communication are configured for a D2D UE, it may need to perform blind detection between Format 1 and 2 since the D2DSS sequences are the same for discovery and communication within coverage.
Table 1: Format 1 - Discovery-associated PD2DSCH for in-coverage UEs
	Indication content
	Number of bits
	description

	Type indication
	0 or 1
	Indicate the PD2DSCH is associated with the type 1 or type 2 resource pool if the PD2DSCH content for different types is different

	Timing advance of Type 2 discovery signal
	0 or X bits
	If type 2 discovery uses UL timing, a TA indication similar to the TA in SA may be needed.

	Discovery resource pool for type 1/2 discovery
	X bits
	Including one or some of the following:

1） Transmission Bandwidth;

2） TDD UL/DL configuration
3） Discovery period

4） Bitmaps for discovery subframes within one period

	Repetition number
	1bit
	the number of repetition for one message (0 or 1)

	CP length
	1 or 2 bits
	CP length for type 1 and/or type 2 discovery if configurable.

	Hopping pattern index
	0 or X bits
	Parameters to indicate the frequency hopping pattern of repeated message. If the pattern is fixed in specification, this field is not needed.


Table 2: Format 2 - Communication-associated PD2DSCH for in-coverage UEs
	Indication content
	Number of bits
	description

	D2D frame number
	10
	Derived from current SFN.

	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 Communication:

1) Tx/Rx resource pool for Mode 2 SA
2) Rx resource pool for Mode 1 SA*
3) Tx/Rx resource pool for Mode 2 data

4) Rx resource pool for Mode 1 data*

	TDD UL/DL configuration
	0 or 3
	assistant information to confirm resource pool and avoid the interference in DL subframes for TDD;

could be 0 if it can be included in resource pool information or for FDD

	CP length
	1 or 2 bits
	CP length for mode 1 and/or 2 communication if configurable.

	Hopping pattern index
	0 or X bits
	Parameters to indicate the frequency hopping pattern of repeated message. If the pattern is fixed in specification, this field is not needed.


Table 3: Format 3 - Communication-associated PD2DSCH for out-of-coverage UEs transmitting D2DSS in D2DSSue_net
	Indication content
	Number of bits
	description

	D2D frame number
	10
	The same as that in Table 2 (derived from SFN);

	Stratum level
	0
	The level can be indicated by D2DSS if the maximal value of stratum level is assumed to be M=1 as discussed in [3].


Table 4: Format 4 - Communication-associated PD2DSCH for out-of-coverage UEs transmitting D2DSS in D2DSSue_oon
	Indication content
	Number of bits
	description

	D2D frame number
	FFS
	It is defined similar to the value in Table 2 and FFS the same number of bits are used.

	Stratum level
	1
	1 bits to indicate the stratum level of 0/1 assuming that the maximal value of stratum level is M=1 as discussed in [3].


Proposal 7: Multiple PD2DSCH formats indicated by D2DSS implicitly or PD2DSCH contents can be considered.
3. Conclusion
In this contribution, the signal design of D2DSS and PD2DSCH is discussed. The signal structure and information carried by D2DSS/PD2DSCH is analyzed. Some formats are proposed for PD2DSCH transmitted by different types of UEs or for different traffic. The proposals are summarized as below.
Proposal 1: Two OFDM symbols are respectively used for PD2DSS and SD2DSS transmission.

Proposal 2: SC-FDM is used for PD2DSS and SD2DSS.

Proposal 3: Different root indexes u from those of PSS are used for PD2DSS.

Proposal 4: PD2DSS carries the information of synchronization source type. The synchronization source type indicated via root indexes of PD2DSS includes in-coverage UEs, out-of-coverage UEs transmitting D2DSS within D2DSSue_net and out-of-coverage UEs transmitting D2DSS within D2DSSue_oon.

Proposal 5: SD2DSS carries the information of SSID.

Proposal 6: 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 SSID instead of Cell ID.
Proposal 7: Multiple PD2DSCH formats indicated by D2DSS implicitly or PD2DSCH contents can be considered.
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