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1 Introduction

In RAN1 #76bis meeting, some potential control information needed for D2D communication was discussed. It was agreed that MCS, RPT, and an ID are included in the scheduling assignment (SA) [1]. Other potential items were not concluded.
Agreement:

· MCS indication is provided dynamically per SA with 5 bits, using the existing 5-bit UL MCS table

· 64QAM shall not be used for D2D transmission

· The MCS indication is included in SA

· The MCS for SA is fixed in the specifications 

· The modulation used for SA is QPSK
Agreement

· The SA includes an ID of N bits (N<=16, working assumption N=8) with at least the following purpose:

· to enable the UE to reduce the probability of decoding of data packets the UE is not interested in

· FFS what the ID is derived from

· Not precluding scrambling SA CRC 

For RAN1#77:

· Consider how to signal the RPT in the SA (considering both Mode 1 and Mode 2)

· Consider detailed design of the SA transmission

· Consider whether NDI and/or RV are needed and if so how to signal them
In this contribution, some other potential control information items, including NDI, RV and the details of the ID and RPT will be discussed.

2 Additional control information
For a receiving UE to identify which D2D data transmissions can be combined, the UE needs to know at least when/where/who transmits the data and whether the data is a re-transmission. The control information in the SA and/or piggybacked to data can help to achieve these information. In this section, we discuss potential items of control signaling for D2D communication including NDI and RV. Discussion on how to signal the RPT in the SA and what the ID is derived from will be also provided. 
2.1 Resource patterns for transmission (RPT)
It was agreed that one or more resource patterns for transmission (RPT) of time and/or frequency resources for multiple transmission opportunities of data TBs can be defined. RPT for data should be included in the SA to indicate multiple transmissions of single TB or the transmissions of multiple TBs. It can be either implicitly or explicitly signaled in the SA.

· For an implicit method, there can be some RPT patterns mapped to the resource of the SA defined in the specification. From the transmission of the SA, the RPT patterns used for data transmission can be derived. RPT can follow a hopping pattern similar to Type 2B discovery hopping pattern after Type 2B discovery hopping pattern is defined. 

· For an explicit method, there can be some RPT patterns e.g. 8 kinds of patterns defined in the specification. Some bits, e.g. 3 bits, can be carried by the SA to indicate the following data transmission. For the case of one SA transmission intended for multiple transmissions of single TB or the transmissions of multiple TBs, the RPT field in the SA can only be used for the first transmission. The following transmissions can be derived from the first transmission of data.
· It is also possible to signal RPT partly using the SA and partly using the SA resource location. 

We don’t anticipate too many RPTs at least for mode 1 [2], therefore, to keep things simple, we suggest signaling RPT in the SA explicitly. 
Proposal 1: RPT for data is explicitly indicated in the SA.
2.2 New data indicator (NDI)

For a D2D broadcaster, there may be some repetitions of the same content before transmitting new data. From a receiver’s perspective, even by knowing the transmitter UE ID, it is unaware whether the received signal is a new transmission. The NDI field can inform whether the current transmission is a repetition/retransmission of data. The receivers can combine the same data based on changes of NDI. 

For how to signal NDI to the receivers, we consider few options: 

· Option 1: Included in the SA

If included in the SA, the NDI can be a 1 bit field. Note that technically, it could be possible to even not transmit this bit explicitly. The bit can be derived implicitly, e.g. derived from the SA resource allocation. However, given that the overhead is negligible, and that sending an NDI prevents the UE to combine packets that should not be combined, the additional robustness is worth the transmission of an additional bit. In case a single SA transmission is intended for multiple Data TBs, a mechanism needed to distinguish first transmission of each Data TB.
· Option 2: Piggyback to the data

Another choice is to piggyback NDI to each data transmission. Then NDI can be decoupled with SA. The transmitter can transmit new data in any possible opportunities when the new packet coming, while if NDI is included in the SA, the new transmission has to wait till the next SA. As shown in Figure 1, there are multiple data transmission opportunities following the SA. If NDI is included in the SA, the data transmitted (in RPTs indicated by the SA) between two SAs should be the same. The NDI in the SA can only indicate whether the data transmission before and after the SA are the same or not. While if the NDI is carried with each data transmission, any transmission opportunity can be used to transmit the new incoming packet. The NDI piggybacked to data can make it flexible to transmit new data in any possible opportunities when the new packet coming.
· Option 3: Indicated by DMRS in data subframes [3]
This option increases the detection complexity.

From the above discussion, options 2 and 3 are flexible. The performance of these two schemes should be compared.

        Proposal 2: FFS to embed NDI to data or DMRS.
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Figure 1. NDI carried by the data
2.3 Redundancy version (RV) indication

Repetition can be the regular transmission operation for broadcast. The RV indication field can be used to indicate a redundancy version by specifying different starting points from {0, 2, 3, 1} in the circular buffer for reading encoded bits. With this field, the transmitter can choose different RVs on repetitions of the same packet. The receivers can combine the received data of the same process. RV may be implicitly derived or predefined in the specification. However, in order to increase robustness, we suggest transmitting it. It incurs a small overhead (2 bits) but increases the robustness: if for some reason, a UE loses the HARQ timeline, it will start losing all packets, whereas if it has the RV, it can resynchronize. Similar to the NDI, the RV can be piggybacked to the data as shown in Figure 2, attached to the symbols beside DM-RS.
Based on the above discussion, we have the following proposal:

Proposal 3: RV is piggybacked to the data.
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Figure 2. Control signaling multiplexed with data

2.4 ID

According to the recent 3GPP agreements, the SA includes an ID of N bits (N<=16, working assumption N=8) to at least enable the UE to reduce the probability of decoding of data packets the UE is not interested in. This ID can be a D2D-ID (also known as target ID) common amongst UEs in a broadcast group. Since there are not that many broadcast groups, a short ID seems sufficient (e.g. N=8). 
For Mode 1, such a target ID is the only ID needed in the SA, which can be used to scramble the CRC in SA. For Mode 2, however, because of collisions, having a transmitter ID can facilitate data combining of multiple repetitions. If the receivers can distinguish whether the received data is from the same transmitter, the receivers can then combine the received data. The ProSe UE ID is large (32/48 bits), and transmitting it would create significant overhead. Fortunately, it is not necessary to send it. As explained in [4], D2D transmissions are scrambled with a D2D-RNTI. Thus, the Tx UE ID only needs to be a temporary ID within the group. Thus, a number of bits could be much lower. 16 bits, just like the C-RNTI, is enough to indicate the temporary Tx UE ID.

Proposal 4: The ID included in the SA may contain a temporary ID within the group.

Other potential fields are not precluded and should be for further study.

3 Conclusion

In this contribution, we discuss the physical channel design for D2D link. Based on the above discussion, we have the following proposals:

Proposal 1: RPT for data is explicitly indicated in the SA.
Proposal 2: FFS to embed NDI to data or DMRS.


Proposal 3: RV is piggybacked to the data.

Proposal 4: The ID included in the SA may contain a temporary ID within the group.
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