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1. Introduction
In RAN1 #76 meeting, control for D2D communication was discussed and the following working assumption was achieved [1]:

Working Assumption:

· For D2D broadcast communication, scheduling assignments that at least indicate the location of the resource(s) for reception of the associated physical channel that carries D2D data are transmitted by the broadcasting UE

· The indication of resource(s) for reception may be implicit and/or explicit based on scheduling assignment resource or content

· Scheduling assignments use PUSCH structure for transmission

· Details of PUSCH structure including DMRS and RE mapping are FFS

· At least the following are not precluded from further study: Scheduling assignments piggybacked with data, or indicated over DMRS
Study further until RAN1#76bis which of the following items of control signalling are needed for D2D data communication, including how these relate to the means for a receiving UE to identify which D2D data transmissions can be combined.

· NDI

· Tx UE ID 

· Explicit RV indicator

· MCS indication

· Others are not precluded

In this contribution, we investigate contents of control signaling and channel structure for control signaling. Currently, we prefer to use pure PUSCH structure to transmit the control signaling.
2. Discussion
2.1. Contents of control signaling
Considering only broadcast communication type will be specified in Rel-12, contents of control signaling are analyzed as below.
· NDI, and Explicit RV indicator
Typically, broadcast communication is 1-to-many communication type where no close-loop feedback is used, thus it shall be operated in predefined or blind manner.  As shown in [2], the data is transmitted in a constant transmission window size with a predefined retransmission number, and the transmission window size and the retransmission number is determined by the reliability of D2D broadcast communication. Therefore, NDI needn’t include in the control signaling of broadcast communication. Similarly, MCS indicator and explicit RC indicator can also be predefined in broadcast communication.
· Retransmission number

The number of retransmission can be reached by different approaches. One of them is to predefine the retransmission number in a certain transmission window and notify the number of such transmission window to be combined. The other is to inform UE the retransmission number directly, which maybe introduce more flexibility. The retransmission pattern would follow tree-structure for easy implementation and signal reduction.

· Tx UE ID

Tx UE ID can be used for different functionality, we analyze as following:
· Scrambling ID or DMRS ID for D2D data transmission [3]:  assuming the DMRS ID number is 504, the signaling overhead is 9 bits.

· On/off pattern index in a transmission window [2]: In order to archive soft bits combination gain, the random on/off pattern/index shall be indicated in control signaling. If a transmission window size is constant as 8, and retransmission number is also constant as 4, there are 70 on/off patterns. Then the signaling overhead may be 7 bits.  Further considering of control signaling overhead reduction, the random on/off pattern index can be derived from the DMRS or scrambling ID, for example: on/off pattern index is equal to mod(DMRS_ID, pattern_num), where pattern_num is number of on/off pattern. 
· Physical layer filter: The receiving UE can only decode the data that is relevant for a certain Tx UE. Physical layer filter is not effective for D2D broad communication though, since the receiving UE need to decode the data from all the associated Tx UEs.
With the consideration of reduction of control signaling overhead, the on/off pattern index, scrambling ID and DMRS ID can be implicitly indicated by the same ID, i.e. Tx UE ID, and the signaling overhead can be limited to 9 bits. 
· MCS indicator

For VoIP traffic, the packet can be transmitted in a given sub-band with constant coding rate, and the reliability can be achieved by predefined retransmission number in a transmission window. In this case, the MCS indicator can be predefined, which may not be needed in control signaling.

However, considering Public Safety use case may support different traffic type, e.g. FTP etc, the transmission bandwidth for different traffic types can vary. If the MCS is constant, then the coverage may be different for different transmission bandwidth. In this case, the MCS indicator shall be included in control signaling, and the set of MCS can be reduced, e.g. 2 bits. 
Besides above items, other items shall also be considered in control signaling:

· Resource allocation indicator

For VoIP traffic, if there is a fixed between control channel and data channel, the resource allocation can be implicit indicated by the control channel resource.

However, with the consideration of FTP traffic, the resource allocation need be explicitly indicated by control signaling. Currently, we prefer to include resource allocation indicator in control signaling. In order to keep SC-FDM characteristics, continuous sub-channels (e.g. 4 PRB per sub-channel) with flexible total size can be allocated. In a 10MHz system, 7 bits at least are needed.
· Transmission window number to be combined
In different application scenarios, the required coverage may be varied. Then the multiple transmission windows can be aggregated to support larger coverage. Two options are discussed as following:

· Option 1: To explicitly indicate the aggregated transmission window number, assuming 4 types of aggregation level, e.g. 2 bits.
· Option 2: To implicitly indicate the aggregated transmission window number by the NDI via DMRS, the NDI is scrambled in the “on” subframes in a transmission window to indicate whether next transmission window is bundled with current transmission window.
Whether the aggregated transmission window supported or not, it is mainly determined by application scenarios definition. If it is supported, both of above options can be considered.  
For contents of control signaling, we have following proposals:
Proposal 1: NDI and explicit RV indicator are not necessary to be included in control signaling.
Proposal 2: Tx UE ID shall be included in control signaling to implicitly indicate the on/off pattern index, scrambling ID and DMRS ID.

Proposal 3: Explicit MCS indicator and resource allocation indicator shall be included in control signaling to provide further flexibility.  

2.2. Control channel structure

In general, the transmission of control signaling can be categorized as three manners: 
· Pure PUSCH structure.

· UCI piggybacking with PUSCH structure. 
· Via DMRS. 
Based on the analysis of contents of control signaling, the overhead is at least 18 bits, there could be more bits for additional enhancement, e.g. OCC, power control and etc. In via DMRS manner, it is only effectively in little signaling overhead, e.g. 1~2 bits. Therefore, we mainly compare pure PUSCH structure and UCI piggybacking with PUSCH structure. In both structure, the additional CRC bits shall be appended to control signaling. Considering UCI piggybacking with PUSCH, there are only partial REs in one PRB pair which can be used for control signaling. Compared to pure PUSCH structure, it will require more PRB pairs to support the coverage of control channel, which would also introduce SC-FDM issue. Furthermore, for receiving UE who was informed by scheduling assignment in control channel that there is also data transmission in those subframes carrying control signaling, there will be always two process including control signaling detection by common RS and data detection by dedicated RS. The complexity at reception side will increase and there would bring in delay for control signaling detection. Therefore, we prefer pure PUSCH structure for transmission of control signaling, which provide more flexibility and simplicity. 

Additionally, due to the payload of control signaling is small, thus convolution code is preferred, which can further reduce the detection complexity for control signaling. And the 16 bits CRC can be used for control signaling, which is similar as that of DCI.  
Proposal 4: Pure PUSCH structure shall be used for transmission of control signaling with following modifications:
· Convolution coding scheme as that of PDCCH.

· 16 bits CRC.

3. Conclusion 

In this contribution, contents of control signaling, and structure of control channel are discussed in detail. The following are proposed:

Proposal 1: NDI and explicit RV indicator are not necessary to be included in control signaling.

Proposal 2: Tx UE ID shall be included in control signaling to implicitly indicate the on/off pattern index, scrambling ID and DMRS ID.

Proposal 3: Explicit MCS indicator and resource allocation indicator shall be included in control signaling to provide further flexibility.  

Proposal 4: Pure PUSCH structure shall be used for transmission of control signaling with following modifications:

· Convolution coding scheme as that of PDCCH.

· 16 bits CRC.
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