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1. Introduction
In last RAN1 meeting, physical channel design for D2D communication was discussed, in which transmission method of control signaling on D2D links was firstly touched. Two types of transmission methods were mentioned, i.e., separate physical channel for control signaling (e.g., similar to PUCCH), multiplex control signaling into data channel (e.g., similar to UCI piggybacking on PUSCH, or at MAC level, or via DMRS) [1]. In this contribution, we analyze the two options of transmitting control signaling on D2D links and give further considerations for control signaling design. 

2. Discussions

Following two options were listed as candidates for transmitting control signaling on D2D links: 

· Option1: separate physical channel for control signaling, e.g., similar to PUCCH.
· Option2: multiplex control signaling into data channel, e.g., similar to UCI piggybacking on PUSCH, or via DMRS, or at MAC.
For option1, the control information transmission over D2D links is designed referring to current LTE design, i.e., scheduling information before data transmission so that DUE receivers do not need to blindly decode D2D data channel. In this case, the control information is similar to the DCI in LTE system but with some simplification. We refer to the D2D control channel as PD2DCCH, and the D2D data carrying channel as PD2DSCH. Following aspects need to be considered for option1: the contents of the PD2DCCH channel, the determination of PD2DCCH resources as well as the scheduling method of PD2DCCH and PD2DSCH. 

· How many bits are needed for the control signaling to schedule D2D data transmission depends on the contents, which can refer to the defined fields in LTE UL DCI. Basic scheduling function can be realized by keeping RBA, MCS, cyclic shift for DMRS and OCC, frequency hopping flag. The width of each field may be adjusted considering the character of the D2D communications. In addition, some D2D-specific fields could be considered, e.g., defining a new field “UE_index or session number” to indicate whether D2D broadcast or unicast or groupcast. Finally the size of the control signaling determines how much scheduling flexibility could be achieved for D2D data transmission. For option1, using a similar structure as PUCCH format2/2a/2b can accommodate as many as 20/21/22 coded bits control signaling. 
· How to determine the time/frequency/code resources for PD2DCCH is another issue that needs to be considered. In LTE system, taking PUCCH format2 for example, the total available number of PRBs NRB(2) is cell-specifically signaled and each UE is allocated a specific resource index nPUCCH(2) which determines a unique time/frequency/code resource within the allocated frequency resources. However for D2D communication out of NW coverage, there is no such eNB node playing the role unless a cluster header is defined. Or else a resource pool constituted of multiple orthogonal resources in terms of time/frequency/code could be predefined. Each DUE transmitter randomly selects one resource to transmit control signaling. The unique resource index that the DUE transmitter chooses can be reused to decode the following PD2DSCH data.

· The third issue is the way how PD2DCCH schedules PD2DSCH. Whether simultaneous transmission of PUCCH and PUSCH is allowed depends on UE capability, and the power allocation between PUCCH and PUSCH also needs to be considered. 
For option2, UCI piggybacking on the PUSCH or via DMRS means coexistence of the control signaling and D2D data transmission. 
· The first problem is the resource mapping of the control information on PD2DSCH. The current mapping method of UCI in LTE PUSCH can be reused.

· The biggest problem with this approach is that PRBs resources of PD2DSCH are uncertain for D2D receivers, including the starting position and number of PRBs. If basing on Type 0 resource allocation for PUSCH, there are totally 
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 possibilities of indicating the starting position and PRB number. It is undoubtedly unrealistic for D2D receivers to blindly decode the data channel based on all the possibilities. One possible way out could be pre-defining some combinations of starting position and number of PRBs, which can be seen as a search space for data channel. Each DUE receiver will blindly decode the control signaling in the defined search space. Once correctly decoding the control information, the DUE receiver will decode the PD2DSCH data exactly at the same frequency resources. 

· When the D2D control information is carried by DMRS, the amount of information carried is extremely limited. We feel this severely limits the flexibility of the PD2DSCH scheduling and is not worth the saving in terms of control overhead reduction.
Based on above analysis, in terms of size of the bearable control signals, Option1 can offer a larger capacity to carry the control signaling so as to achieve more flexible scheduling for D2D communication. 
Option2 is too complex and energy-consuming for DUE receivers to blindly decode the data channel due to unknown location of the occupied PRB resources as well as complex channel design unless much simplification is made for D2D communication, e.g., fixed MCS, very limited PRB allocation candidates, etc. For option1, referring to current LTE PUCCH design, the control channel on D2D links can be more easily and robustly decoded. Thus option1 is more attractive when considering the power consumption and decoding complexity at D2D receivers. Nevertheless, several issues in option1 mentioned above are required to be studied. 
In one word, transmission methods of control signaling on D2D links should be carefully designed, which could take option1 as a starting point. 
Observation: To use a separate physical channel for control signaling shows more advantages than to multiplex control information and data in the same channel, in terms of control signaling size, scheduling flexibility, power consumption and decoding complexity. 
Proposal: Consider a separate physical channel as a starting point for D2D control signaling.
3. Conclusions

In this contribution, we analyzed and compared the two options of transmitting control signaling on D2D links for D2D communication. In terms of carried control signaling size, scheduling flexibility, power consumption and decoding complexity for D2D receivers, option 1 shows more advantages. It was proposed that,
Proposal: Consider a separate physical channel as a starting point for D2D control signaling.
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