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1. Introduction
Scheduling assignment (SA) is transmitted prior to D2D communication data transmissions as a tool for informing the receiver UEs of necessary control information. This contribution discusses details of the SA design focusing on the SA contents and resource structures.
2. Information contained in SA
According to the agreements and working assumptions made so far, SA contains at least resource assignment of data channels, MCS, an ID, and timing advance (TA). Each component is discussed in each of the subsequent subsection.
2.1. Resource assignment
The following working assumption was made in RAN1#77 on the frequency resource assignment:
Working assumption: 

· Frequency position of data resource is explicitly signalled in SA

· Can be revisited after agreeing other content of SA if it turns out that “too many” retransmissions are required for the SA and/or design of SA and/or associated DCI is not feasible, or if data resource collision turns out to be a significant problem. 

Although this working assumption leans toward the idea that the frequency resource allocations of SA and data are independent, it is very challenging to design a D2D grant which enables this independent allocation under the current working assumption as discussed in [1]. In our view, this working assumption needs to be revisited so that at least the frequency position of data resources is partially derived from the frequency position of SA resources. One example is to align the start RB index of the first transmission of SA and data. This implicit frequency resource assignment is beneficial in the following aspects:
· D2D grant design is simplified. As the SA RB number if fixed, its frequency location is dependent of the start RB index only. Thus, data RB allocation is sufficient for the frequency resource assignment and no bits are necessary in the D2D grant to indicate the frequency resource of SA. This enables to reuse the existing PUSCH resource allocation method in DCI format 0, thereby making it easy to align the length of D2D grant with that of DCI format 0.

· The length of SA is reduced. As the starting RB is indicated implicitly, only the number of data RBs needs to be signalled in SA. This enables to reduce the SA length compared to the case where SA delivers the full frequency resource information. As the target BLER of SA should be low enough, reducing its length is important for the overall performance. When we assume system with 100 RBs for example, number of bits for frequency assignment in SA becomes (under the full resource allocation flexibility assumed)
· 
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Proposal 1: The starting RB of frequency resources for D2D data channel is derived from the frequency location of SA.
SA also contains the time RPT (T-RPT) used for data channels. Details of T-RPT generation are discussed in a companion paper [2]. As shown in [3], the overall D2D communication performance is quite dependent of the number of T-RPTs, so 256 T-RPTs which is the maximum number under the current working assumption needs to be signalled via SA.
If the on and off of the data frequency hopping is not included in the resource pool configuration information, the related bit(s) is necessary in the SA.
2.2. MCS
It was agreed that 5-bit MCS is included in SA.
2.3. ID

RAN2 has informed their agreement in [4] and a part of the destination (UE, Group) ID can be included in the SA ID. This is to enable a receiver UE to skip decoding D2D data transmissions that are not targeting it. One remaining issue is whether the physical layer will modify the ID provided by higher layer as captured in the following conclusion:
Conclusion: no consensus on sending an LS reply to RAN2 regarding broadcast ID in the SA.

Decide at RAN1#78 whether to use directly the ID provided by higher layers or to modify it in some way at L1.
It was agreed in RAN1#76bis and RAN1#77 that the scrambling and DMRS are derived from the SA ID. As a result, if no further modification is made, D2D transmissions targeting different UE groups can take advantage of the interference randomization effect but those targeting the same UE group cannot. We note that this interference randomization effect can include the time/frequency resource randomization if T-RPT is permutated by the SA ID as proposed in [2]. The latter case (i.e., no interference randomization among D2D transmission targeting the same UE group) can be problematic if multiple transmitter UEs broadcast D2D data on the colliding resources (e.g., in mode 2 communications). The problem can be mitigated if a transmitter-specific part is added to the SA ID with slightly increased overhead. For example, the physical layer can add a few randomly selected bits so that the final SA ID may be different even when the ID provided by higher layer is the same.
Proposal 2: For the ID included in SA, the physical layer adds a few randomly selected bits to the ID provided by higher layer.
It needs to be decided how the SA ID is transmitted. One possibility is to mask the CRC of SA by the SA ID. However, this is undesirable from the following two aspects although it can reduce the SA size:

· One D2D receiver UE may belong to multiple UE groups (at least two groups for broadcast and unicast). The number of CRC checks is proportional to the number of UL groups which a UE belongs to, and this may complicate UE implementations and increase the false detection probability.
· A UE may implement a Mode 2 resource allocation procedure where its transmit resource is selected after obtaining other UEs’ resource allocations as an effort to reduce the resource collision probability. Masking CRC with SA ID practically disallows this implementation.

This leads to the proposal of explicit signaling of SA ID.

Proposal 3: SA ID is explicitly signalled.
2.4. TA
The following agreement was made in RAN1#77 to include TA in SA:
Agreement:
6 bits are used to indicate D2D reception timing adjustment in SA (at least for Mode1), giving values of TA spaced at intervals corresponding to the extended CP length with a cell radius of 100km.
However, concerns were expressed on the TA granularity in this agreement, and a WF was submitted in [5] which has triggered an email discussion on this issue. Several solutions are under the email discussion [77-18] TA in SA for D2D.

As the coverage of SA is important for D2D data broadcast communications, it is desirable to minimize the number of bits used for TA, which leads to the proposal to keep the TA size of 6 bits. In order to meet the requirement of improving the TA granularity and supporting a large cell size at the same time, the following two options can be considered:
· Option 1: Use a fixed fine resolution for the TA signaled in the SA, and apply an additional semi-static TA offset which is signaled via SIB and PD2DSCH as a part of the SA resource pool configuration. The final TA used for the reception window setting is the sum of the two signaled values.
· Option 2: Make the TA granularity configurable so that a finer one can be used when the cell size is not very large.
The two options share the commonality that some configuration signaling is necessary for each SA resource pool. For out-coverage UEs, a preconfigured value can be used or the configuration can be signaled via PD2DSCH.
Proposal 4: 6 bits are used for TA in SA and a resolution finer than the extended CP length is supported. 
2.5. Redundancy version
One open issue is how to determine the redundancy version in doing blind retransmissions for each data MAC PDU. One simple approach would be to follow the fixed RV changing pattern used for the current UL HARQ operations (i.e., RV 0->2->3->1). The T-RPT indicates which subframe is the first subframe for the transmission of a given MAC PDU, and it also indicates which subframes are used for the subsequent transmissions. Therefore, it is sufficient to use a fixed RV pattern for the blind retransmission of data MAC PDU and no further signaling is necessary in SA.
Proposal 5: The redundancy version of a data MAC PDU changes over the associated T-RPT with a fixed pattern.

3. Resource structure of SA
The following agreement was made in RAN1#77 on the resource of SA transmissions:

Agreement:  

· For both Mode 1 and Mode 2, resource for single transmission (i.e. 1 subframe) of SA is FFS between 1 PRB-pair and 2 PRB-pair

· Retransmissions of  SA are supported

· FFS whether Chase combining

· Total number of transmissions of SA is FFS between
· fixed to a single value in specifications, and
· (pre-)configurable among two values
· FFS until RAN1#78 what these values are
· Number(s) of SA subframes in the SA resource pool FFS until RAN1#78 
· Given a certain SA resource pool and time/frequency resource that is used for a transmission of an SA message by a UE, the other time/frequency resources used by the same UE for transmission(s) of the same SA message within an SA resource period are known and fixed in the specification
· Details FFS
· FFS on whether/how to minimize the collision of transmissions in Mode 2
To determine the time and frequency resource sizes of SA, the exact SA length needs to be decided first. If we assume 8 bits for T-RPT, 5 bits for MCS, 8 bits for SA ID, 6 bits for TA, and 16 bits for CRC, SA contains at least 43 bits before adding the frequency resource indication which might need 10 or more bits depending on the frequency resource indication details. Evaluation results in [6] have shown that, with a single subframe transmission using 2 RB pairs, 50-bit SA (including CRC) achieves 1% BLER (a typical target BLER of PDCCH) at around 4 dB SNR. As -107 dBm RSRP corresponds to 2 dB SNR in the 2-RB transmissions, we can observe that a single subframe transmission is not always sufficient even when 2 RBs are used. In order to provide flexible tradeoff between the SA coverage and the signaling overhead, we propose to have configurability of number of subframes used for a single SA message between 1 and 2 while the frequency resource is fixed to 2 RBs. It could be an advantage for UE implementation if 2-RB size SA is agreed because the number of SA decoding in a subframe will be limited to 50 under the 20 MHz system bandwidth.

Proposal 6: An SA transmission uses 2 PRB pairs in a subframe. The number of subframes used for a single SA message is configurable between 1 and 2.

An SA transmission is similar to a discovery transmission in the sense that DL timing is used (at least in Type 1 discovery) and no RPT indication precedes it. Thus, for the SA transmissions, it seems reasonable to follow the resource structure of discovery discussed in [7], especially how a single message is repeated within a resource period. This includes

· Use contiguous subframes in the SA resource pool for the repetition of an SA message.

· Configurability between the single-subframe transmission and the repetition over two subframes to trade the SA coverage and overhead, especially in consideration of the SA size which may be variable dependent of the system bandwidth.

· PUSCH-like frequency hopping between repeated transmissions of an SA message
· Chase combining over repeated SA transmissions
Proposal 7: Repetition of an SA message uses the same method used for the discovery message repetition within a discovery period.
4. Conclusion
This contribution discussed detailed design of the scheduling assignment used for D2D communications. The conclusion can be summarized in the following proposals:
Proposal 1: The starting RB of frequency resources for D2D data channel is derived from the frequency location of SA.
Proposal 2: For the ID included in SA, the physical layer adds a few randomly selected bits to the ID provided by higher layer.

Proposal 3: SA ID is explicitly signalled.

Proposal 4: 6 bits are used for TA in SA and a resolution finer than the extended CP length is supported.
Proposal 5: The redundancy version of a data MAC PDU changes over the associated T-RPT with a fixed pattern.
Proposal 6: An SA transmission uses 2 PRB pairs in a subframe. The number of subframes used for a single SA message is configurable between 1 and 2.
Proposal 7: Repetition of an SA message uses the same method used for the discovery message repetition within a discovery period.
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