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1. Introduction

In 3GPP RAN1 #77 meeting, D2D physical channel design was discussed including frequency hopping pattern, DMRS design, scrambling and CP configuration for D2D scenarios, and the following agreements and working assumptions were made: 
Agreement: 

· Inter-subframe frequency hopping is supported for D2D data communication, and for discovery and SA transmission if multiple subframe transmission is used

· Details FFS, including: 

· FFS whether the hopping is PUCCH-like or PUSCH-like or something else.

· FFS: Whether or not frequency hopping is used, e.g:

· configurable for Mode 1

· preconfigured for Mode 2

· FFS details of hopping parameters and how they are (pre-)configured

· Intra-subframe frequency hopping is not supported (neither for data communication nor for discovery nor for SA transmission)
Agreement: 

· For D2D discovery, the scrambling of D2D discovery messages, the DMRS base sequence and the DMRS CS are fixed in the specifications: 510 for message scrambling and DMRS base sequence, CS = 0, Delta_Shift = 0, sequence hopping disabled

Agreement: 

· PUSCH DMRS are used for SA, Data and Discovery without frequency hopping across slots

· 2 RS signals on Symbols with l=3 and for normal CP, l=2 for extended CP

· FFS: remaining aspects of base sequence, cyclic shift and OCC

· PUSCH RE mapping is used for SA, Data and Discovery if D2DSS is not transmitted, at least by the same UE, on the same sub-frame

· FFS if it possible that the transmitting UE knows D2DSS is configured to be transmitted by another UE in the same subframe. 

Working assumption: 

· For SA, the DMRS base sequence and the DMRS CS are fixed in the specifications: 510 for message scrambling and DMRS base sequence, CS = 0, Delta_Shift = 0, sequence hopping disabled

Agreement: 

The DMRS base sequence and CS and OCC for D2D communication is derived from the ID in the SA
Working Assumption:

· For out-of-coverage UEs that do not use D2DSS from D2DSSue_net as the synchronisation reference for D2D transmission, CP length for D2DSS and PD2DSCH is preconfigured

· FFS whether out-of-coverage UEs are expected to blind detect CP length of other UEs, or whether they are only expected to receive D2DSS and PD2DSCH from UEs with the same CP length as they are themselves (pre-)configured with for D2DSS and PD2DSCH. 

· Revisit after agreeing details of D2DSS transmission timing. 

Agreement:

· D2DSS and PD2DSCH have equal CP length

· UEs assume that the same length CP of all D2D signals/channels (at least for a given mode/type, depending on the FFSs below) is configured by the network or pre-configured for D2DSS transmitted by a UE for both in coverage and out of coverage cases

· If the network-configured and pre-configured CP lengths are different, the network-configured CP length is used. 

· FFS whether CPs for Mode 1 and Mode 2 may be different for D2D data channel. 

· FFS whether CPs for Type 1 and Type 2 discovery may be different

Reception of D2DSS transmitted by a UE does not require blind detection of CP length
There are some remaining issues for frequency hopping pattern, DMRS design, scrambling, CP configuration need to be discussed. In this contribution, we discuss about these issues for D2D physical channel design.

2. Discussion
2.1. Frequency hopping

Frequency hopping would be needed to increase link performance by frequency diversity gain. There are two possible candidates for frequency hopping patterns, PUSCH-like and PUCCH-like hopping patterns [1][2] currently used for uplink resources. Out of two methods, we prefer to adopt PUSCH-like hopping. It may not be desirable to use PUCCH-like hopping, since it obtains almost no diversity gain near center frequency. 
PUSCH hopping patterns have two types, both of which can be reused for D2D communications after suitable modifications. One way to reuse PUSCH hopping is to utilize virtual domain for hopping to be applied. The virtual domain consists of only D2D resources, which has renumbering continuous resource blocks. After hopping is carried out in the virtual domain, resource blocks in the virtual domain are transformed into those in the physical domain. Another way is not to use virtual domain, but to just modify hopping offset term and hopping frequency band in PUSCH hopping equations. In order for hopping to be accomplished only within D2D resource pools, hopping offset term and hopping frequency band has to be derived from starting resource blocks and ending resource blocks of resource pools. For example, if resource pool has discontinuous frequency band and consists of two continuous resource regions with same-sized frequency bands, type 1 PUSCH hopping would be accomplished by shifting up and down in the two resource regions from modified hopping offset terms and hopping frequency bands. For type 2 PUSCH hopping, after resource blocks are set to not be shifted by sub-band size = 1, only mirroring can be used around center of two resource regions by modifying hopping offset term and hopping frequency bands.
Because of different sized resource pools, it may be difficult to make one unified hopping solution for D2D signals to be hopped only within several resource pools. Sometimes, we may have discontinuous resource blocks in physical domain after hopping, or some resource blocks may be allocated out of D2D resource pools after hopping. If those happen, those resource blocks might have to be dropped without transmission.
In the previous meeting, it is determined that only inter-subframe frequency hopping is supported, not intra-subframe frequency hopping. PUSCH hopping is accomplished depending on CURRENT_TX_NB, if inter-subframe mode, where CURRENT_TX_NB indicates the transmission number for the transport block. However, if using CURRENT_TX_NB for inter-subframe hopping in D2D scenario, D2D resource blocks may be collided, since T-RPT pattern indicated for each UE is different one another. Then, to avoid this issue, subframe numbers can be used instead of CURRENT_TX_NB in PUSCH hopping.
If type 2 PUSCH hopping is used for D2D, it is dependent on cell ID. For UEs out of coverage, cell ID can be substituted with fixed value 510, similar to scrambling and DMRS for Discovery and SA. For inside network coverage, cell ID can be indicated via SIB.
If both type 1 and type 2 PUSCH hopping patterns are used for D2D, configuration between two types may be determined for mode 1 from which type is used for uplink signals, and for mode 2, it may be preconfigured. 
Proposal 1: PUSCH-like hopping is preferred for D2D communication.

Proposal 2: Both type 1 and type 2 PUSCH hopping can be reused for D2D communication as following ways:

Alt 1. Hopping is carried out in the virtual domains which consist of only D2D resource pools.
Alt 2. Hopping offset term and hopping frequency band are derived from starting resource blocks and ending resource blocks of resource pools.

Proposal 3: CURRENT_TX_NB in PUSCH hopping is substituted with subframe number.
Proposal 4: If RBs out of resource pools or discontinuous RBs are generated after hopping, those RBs are dropped without transmission.
Proposal 5: For type 2 PUSCH hopping, 510 is used for cell ID for UEs out of coverage. For UEs inside network coverage, cell ID is indicated via SIB.
2.2. DMRS and scrambling
In the previous meeting, most of parameters of DMRS and message scrambling for D2D Discovery and SA were determined. However, for D2D Data, some remaining issues need to be discussed, except for that DMRS and scrambling is derived from SA ID. 
For the design of DMRS of D2D Data, we propose that SA ID is split into two parts. And, one part is used to determine base sequence, and the other part is used to determine a combination of CS and OCC. For example, if SA ID has 8 bits, we can split it into 2 parts; 5 bits and 3 bits. After that, 5 bits indicate sequence-group number of DMRS base sequence, and 3 bits select a combination of CS and OCC. It may be effective that decreasing the number of base sequences and obtaining orthogonal DMRS by CS and OCC between UEs with same base sequences. However, because sequence group number of base sequence is modulo 30 calculation, it does not well match with calculation by bit unit. Therefore, the proposed way can be modified into that sequence group number is determined by 
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 indicates a combination of CS and OCC. 
Regarding message scrambling of D2D Data, cell ID or RNTI can be substituted with SA ID.

Another remaining issue related to D2D Discovery, SA and Data is about slot numbers used in designs of DMRS and scrambling. Some issues is raised in email discussion [77-20] that how UEs can know different slot numbers to communicate with other asynchronous D2D clusters. To address it simply, slot numbers can be set to be fixed number in DMRS and scrambling for at least mode 2. If slot numbers should be used, eNB can inform those values via resource pool configuration signalling [3].
Proposal 6: For DMRS of D2D Data, SA ID is split into two parts; one part is used to determine base sequence, and the other part is used to determine a combination of CS and OCC. 
Proposal 7: For message scrambling of D2D Data, cell ID or RNTI is substituted with SA ID.

Proposal 8: Slot numbers can be set to be fixed number in DMRS and scrambling of D2D Discovery, SA and Data. If slot numbers should be used, eNB can inform those values via resource pool configuration signaling.
2.3. CP configuration

It was questioned in the last meeting whether CP configurations between mode 1 and mode 2, or between type 1 and type 2 should be dependent. Simply, we prefer to configure CP length together when resource pools are configured for UEs inside network coverage. For UEs out of coverage or UEs in partial coverage, CP can be configured with the CP length signalled via PD2DSCH [4].

Proposal 9: For UEs inside network coverage, CP is configured together when resource pools are configured. For UEs out of coverage or UEs in partial coverage, CP is configured with the CP length signalled via PD2DSCH.
3. Conclusion
In this contribution, we discussed remaining issues of frequency hopping, DMRS, scrambling and CP configuration. The following proposals based on the discussion are given as follow:
Proposal 1: PUSCH-like hopping is preferred for D2D communication.

Proposal 2: Both type 1 and type 2 PUSCH hopping can be reused for D2D communication as following ways:

Alt 1. Hopping is carried out in the virtual domains which consist of only D2D resource pools.

Alt 2. Hopping offset term and hopping frequency band are derived from starting resource blocks and ending resource blocks of resource pools.

Proposal 3: CURRENT_TX_NB in PUSCH hopping is substituted with subframe number.

Proposal 4: If RBs out of resource pools or discontinuous RBs are generated after hopping, those RBs are dropped without transmission.

Proposal 5: For type 2 PUSCH hopping, 510 is used for cell ID for UEs out of coverage. For UEs inside network coverage, cell ID is indicated via SIB.
Proposal 6: For DMRS of D2D Data, SA ID is split into two parts; one part is used to determine base sequence, and the other part is used to determine a combination of CS and OCC. 

Proposal 7: For message scrambling of D2D Data, cell ID or RNTI is substituted with SA ID.

Proposal 8: Slot numbers can be set to be fixed number in DMRS and scrambling of D2D Discovery, SA and Data. If slot numbers should be used, eNB can inform those values via resource pool configuration signaling.
Proposal 9: For UEs inside network coverage, CP is configured together when resource pools are configured. For UEs out of coverage or UEs in partial coverage, CP is configured with the CP length signalled via PD2DSCH.
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