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1. Introduction

During the RAN1 #76bis meeting, several aspects for D2D resource allocation have been agreed. One of the key aspects is to use the PDCCH and EPDCCH to indicate the transmission opportunities for D2D scheduling assignment (SA) and data [1] under Mode 1 scenario, which is shown as follows.
	Agreements for Mode 1 transmission,
· eNodeB or Rel-10 relay allocates resources to a D2D transmitter for SA and Data using PDCCH or EPDCCH

· FFS: Linkage between SA and Data
· FFS: Separate grant for Data
· Single grant can schedule multiple Data transmission opportunities
· The multiple opportunities can be used for the multiple transmissions of a single TB
· The multiple opportunities can be used for the transmissions of multiple TBs
· FFS: Which entity decides how each transmission opportunity is used
· FFS: Single grant can schedule single SA transmission
· Single grant can schedule multiple SA transmissions
· FFS: Whether the multiple SA transmissions are of the same SA or different SA
· FFS: C-RNTI or another UE-specific RNTI is used at least for scrambling of CRC of a  D2D grant
· eNodeB or Rel-10 relay controls transmission power of SA and Data using PDCCH or EPDCCH


In this contribution, some of our further consideration based on the current agreement is provide for the corresponding physical channel design for D2D SA and data. 
2. Discussions
2.1. Time Association Issues for D2D Physical Channels
Currently all the cellular transmission has a fixed or pre-defined timing relationship between the grant transmission and data transmission. For DL transmission, there is no time-domain gap between the DL grant and DL data transmission under dynamic scheduling. All PDCCH/EPDCCH scheduled DL data is enabled on the same subframe for the corresponding PDCCH/EPDCCH located subframe. For UL transmission, the scheduled UL data will be enabled 4 subframes later than the corresponding PDCCH/EPDCCH located subframe for FDD mode, and k subframes later for TDD mode, where the value of k is pre-defined in the specification for the different TDD configurations. 
Back to the D2D transmission, the assignment for SA/data is acquired by cellular link PDCCH/EPDCCH (D2D grant) for D2D transmitter UE. Besides, the D2D transmitter UE will use the SA to schedule the D2D data. According to this working assumption, there are several time associations needed to be considered in RAN1. 

· Time association between the D2D grant and D2D SA
· Time association between the D2D grant and D2D data
· Time association between the D2D SA and D2D data
In the following part, the corresponding potential solutions are provided. 

2.1.1. Time association between the D2D grant and D2D SA
For this aspect, two options can be considered 

· Option 1: New UE behavior defined in specification with implicit time association
For this option, the time association between the reception of D2D grant for SA and the transmission of the D2D SA according to this PDCCH/EPDCCH is pre-defined in specification. A new UE behavior can be defined in the specification that the first D2D transmission subframe following the latest PDCCH/EPDCCH can be treated as the starting point of the SA assignment enabled subframe (shown in Figure 1). Here the eNB should take the processing ability and the potential delay of D2D transmitter UE into consideration during the scheduling. The transmitter D2D UE will always treat the latest PDCCH/EPDCCH with SA/data assignment as the updated indication from eNB to overlay the previous one. 
· Option 2: The time association can be configured by the network

Another option is that the network will configure the time association between the subframes with the D2D grant and the D2D SA transmission according to the grant. One motivation to configure different gaps between the D2D assignment and transmission is that the eNB can schedule several D2D Tx UEs in one subframe with different actual SA/data transmissions on different subframes, which can achieve more scheduling flexibility and spectrum efficiency. Figure 2 shows an example for this case. 

For this case, the eNB needs to inform the D2D transmitter UE about the interval subframes between the D2D grant and D2D SA transmission. For flexibility considerations, this interval information can be added into the PDCCH/EPDCCH carrying the D2D grant. The related PDCCH and EPDCCH design will be discussed in the next section. 
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Figure 1 Example of Implicit Time Association for D2D Grant and SA (Option 1)
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Figure 2 Example of Explicit Time Association for D2D Grant and SA (Option 2)
According to the discussion about, we propose that

Proposal 1: RAN1 should decide the time association between the D2D grant and D2D SA transmission
2.1.2. Time association between the D2D grant and D2D data
According to the current agreement, whether there is separated D2D grant for D2D data transmission is still for further study. If separated D2D grant is applied for D2D data, the corresponding problem for time association also exists. Similar options for both implicit and explicit time association can be designed. If there is no separated D2D grant for D2D data transmission, the time association can follow the D2D SA manner, where the subframes configured for D2D SA transmission can also be used for D2D data transmission.
2.1.3. Time association between the D2D SA and D2D data
Currently there is no agreement about the D2D SA and data design, especially the resource allocation and transmission manner. The D2D data can be designed with repetition or not. Besides, if one SA can be divided into several pieces across several subframes, there is also no clear requirement that the transmission of the whole SA should be prior to the data. Based on this, and striving for simplicity of the SA design, the time association between the D2D SA and data can be designed in an implicit manner so that the data transmission/reception is in the same subframe with the starting subframe of SA. 
2.2. PRB Allocation Linkage for Different Channels
Similar as the time association for different channels, there are also three kinds of PRB allocations among different channels. 

· PRB allocation linkage between the D2D grant and D2D SA
· PRB allocation linkage between the D2D grant and D2D data
· PRB allocation linkage between the D2D SA and D2D data
2.2.1. PRB Allocation Linkage between the D2D grant and D2D SA
For the linkage between the D2D grant and D2D SA, two options can also be applied here. 
· Option 1: PRB Allocation Assigned for D2D SA Explicitly Indicated in D2D Grant 

Since currently the PDCCH or EPDCCH is used to indicate the assignment for D2D SA, taking the current UL grant DCI format (Format 0/4) as an example, the PRB location used for D2D SA transmission can be indicated by current DCI formats. A similar bit configuration to that used in current DCI formats can be applied for the indication of the assigned PRB(s). If the D2D SA is assigned across several subframes, the cross-subframe linkage for the indicated PRB also needs to be defined, which will be discussed in the next section. 

· Option 2: Implicit PRB Allocation Assignment

Another option is based on the implicit manner, where the actual D2D SA assigned PRBs is implicitly informed to the UE with some pre-defined rules. One example is that, if using PDCCH or EPDCCH for D2D grant transmission, the CCE or ECCE number can be used to indicate the position of the assigned PRBs for D2D SA. Here the CCE/ECCE number means the number of the first CCE/ECCE (i.e. lowest CCE index used to construct the PDCCH/EPDCCH) used for transmission of the corresponding DCI assignment. For this option, some pre-defined mapping rule needs to be designed.
2.2.2. PRB Allocation Linkage between the D2D grant and D2D Data
Similar to the time association part, if separated D2D grant is applied for D2D data, the corresponding problem for PRB allocation linkage also exists. Similar options for both explicit and implicit linkage can be designed. If there is no separated D2D grant for D2D data transmission, the eNB may not explicitly indicate the detailed PRB for data to the UE. It can only indicate a resource pool to the UE by high layer signaling, leaving the D2D transmitter UE to select which resource is used for D2D data transmission. 

2.2.3. PRB Allocation Linkage between the D2D SA and D2D Data
For this PRB linkage, the D2D SA can directly indicate the correponding PRBs allocated for D2D data transmission. A similar bit configuration to that used in current DCI formats can be used to carry the correponding PRB allocation information.

Proposal 2: RAN1 should at least decide the PRB allocation linkage between the D2D grant and D2D SA.
2.3. Transmission Type for D2D SA and Data
Since there is no detailed agreement on how to use SA to schedule the D2D data transmission, our discussion is mainly focused on the D2D SA transmission type. Basically, there are three kinds of transmission types that can be considered for D2D SA. 

· Option 1: PUCCH like Transmission Type

For this option, the SA will only occupy one or several PRB pairs in one subframe to deliver the scheduling information of the D2D data. There is no cross subframe transmission for one SA. 
· Option 2: Redundancy Version (RV) like Transmission Type

For this option, the transmission of SA can be divided into several groups of PRB(s), and the transmission of each PRB group will follow a pre-defined redundancy version. For the receiving UE, after receiving all the PRB groups, it will use the corresponding RV for each PRB group and combine them together for one SA. The PRB group can be constructed by one PRB pair or several PRB pairs. 

· Option 3: Repetition like Transmission Type

For this option, the transmission of SA can follow current PBCH manner, where one SA can be allocated on several PRBs across several subframes. Each piece of SA on one subframe can be decoded independently. The receiving UE can get RF combining gain if receiving the whole SA on different subframes. 
For Option 2 and Option 3, if one SA is divided into several pieces across several subframes, the PRB linkage between the subframes assigned for SA needs to be considered as well. From the perspective of simplicity, as well as diversity gain, some fixed frequency domain hopping can be pre-defined among subframes if the SA is spread. An intra-subframe hopping similar to the current PUSCH hopping can be applied, and a pre-defined inter-subframe hopping randomized by both Tx UE ID and subframe number can be applied. 
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Figure 6 Example of Frequency-domain Hopping for SA Configuration
For the transmission type of D2D data, it can use a similar manner to SA or an independent manner. The corresponding necessary indication can be designed in D2D SA. 
Based on these, we propose that 

Proposal 3: RAN1 should at least decide the transmission type of D2D SA. 
3. Conclusion
In this contribution, we have provided our consideration for the physical channel design for D2D SA and data transmission. The following proposals are suggested to RAN1. 
Proposal 1: RAN1 should decide the time association between the D2D grant and D2D SA transmission

Proposal 2: RAN1 should at least decide the PRB allocation linkage between the D2D grant and D2D SA.
Proposal 3: RAN1 should at least decide the transmission type of D2D SA. 
4. References
[1] R1-141753, WF on CP length Configuration, 3GPP RAN1 #76bis, April, 2014. 
[2] R1-141384,
D2D Physical Channels Design, Ericsson, 3GPP RAN1 #76bis, April, 2014. 
1

D
2
D
...
SA Cycle
DCI for UE2
N+k_1
DCI for UE1
N+k_2
D
2
D
D
2
D
D
2
D



SA1
SA1
SA1
SA1

SA Cycle
SA1
SA1

SA1
SA1
D2D SF
SA2
SA2
SA2
SA2
SA2
SA2
SA2
SA2
D2D SF
D2D SF
D2D SF
Cellular SF
Cellular SF
Cellular SF
Cellular SF
Inter-hopping
Intra-hopping



D2D
D2D
...
D2D
D2D
...
SA Cycle
DCI

First D2D subframe in the following subframes
D2D
D2D
...
D2D
D2D


DCI
First D2D subframe in the following subframes
SA Cycle



