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1. Introduction
In previous RAN1 meetings, physical channel design for D2D communication was discussed, in which transmission method of control signaling on D2D links was involved. The following two options were listed as candidates for transmitting control signaling on D2D links [1]:
· 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.
In this contribution, we share our views on these options starting from the bearable control signaling size and give further considerations for the control signaling design.
2. Discussions

Control signaling for D2D communication mainly targets the scenario of D2D out of NW coverage. In this scenario, the resource pool is preconfigured or semi-statically configured for D2D communication. But how to select the resource for D2D transmitters and the way to reduce DUE receiver’s decoding complexity and energy consumption are still pending.
2.1. Contents of Control Signaling
In this subsection, we compare the two options by first analyzing the requirements for control signals. As discussed in [3], the control signaling for D2D communication is similar to UL DCI in LTE system but with some simplifications. From our point of view, basic scheduling function should be realized by the control signaling, e.g., resource block assignment (RBA), MCS level, and cyclic shift for DMRS and OCC. Frequency hopping flag could be also included to allow some scheduling flexibility so as to randomize interferences among DUEs. Based on above analysis, the required control signaling bits is as large as 20bits for a 10MHz system. The width of each field may be adjusted based on the details of of D2D communication, e.g., restricted MCS, RBA indication within the configured resource pool. In addition, some D2D-specific fields could be considered, e.g., defining a new field “UE_index” or “session number” to indicate whether the D2D transmission is a broadcast or unicast or groupcast, and its intended receivers.
It can be seen that around 20 bits will be needed for the required control signaling. For the method of carrying D2D control information by DMRS, the amount of information carried is extremely limited. We feel this severely limits the flexibility of D2D data scheduling and is not worth the saving in terms of control overhead reduction. For option1, using a similar structure as PUCCH format 2/2a/2b can accommodate as many as 20/21/22 coded bits control signaling. The method of UCI piggybacked on PUSCH is also able to carry the required control signaling. In this regard, compared to “via DMRS”, methods of separate physical channel (e.g., PUCCH-like D2D control channel) and UCI piggybacked on PUSCH are preferred in terms of the size of the bearable control signaling.
In the next subsection, we further analyze potential issues of the above methods.
2.2. Further Considerations of Control Signaling Design

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. We refer to the D2D control channel as PD2DCCH, and the D2D data carrying channel as D2D-PSCH. Following aspects need to be considered for option1: the determination of PD2DCCH resources as well as the scheduling method of PD2DCCH and D2D-PSCH. 

· The first issue is how to determine the time/frequency/code resources for PD2DCCH. 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. Unlike this, for D2D communication out of NW coverage, there is no such eNB node playing the role. Possible solutions could be to predefine a resource pool constituted of multiple orthogonal resources in terms of time/frequency/code. 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 D2D-PSCH data.

· The second issue is the way PD2DCCH schedules D2D-PSCH. 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 the method of UCI piggybacked on PUSCH in option2, the following problems need to be considered: 
· The resource mapping of the control information on D2D-PSCH. 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 unrealistic for D2D receivers to blindly decode the data channel based on all the possibilities. 
· Another problem with UCI piggy-backing is that cascading of decoding errors. If a D2D-PSCH is not decoded correctly, the piggy-backed control information is also lost. This causes decoding failure of the following PD2DSCH.
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 D2D-PSCH data at the same frequency resources. However, there is the compromise problem between blind decoding complexity and scheduling flexibility since very limited PRB allocation candidates will restrict the scheduling flexibility, although the blind decoding times can be small in this way. Thus for option2, further scheme to solve the problem of indicating the PRB resources of D2D-PSCH in order to blind decoding the data channel needs to be considered.
Therefore, another possible method on the basis of UCI piggybacked on PUSCH could be considered, namely Option3 in this contribution. 

· Option3: Separate RS could be designed to be transmitted prior to D2D-PSCH so as to indicate the allocated RB resources of the D2D-PSCH.  This is to reduce the receiving UE processing power and battery consumption, because it is much easier and energy efficient to blindly detect a sequence than to decode a D2D-PSCH. It is similar to the design method of sequence+message structure of the D2D discovery signal, where there is a linkage between the location of the sequence and the PRB location of the following D2D-PSCH. For easy detection, the sequence is inserted in the first symbol of a D2D subframe as a preamble. The reference sequence could be one of several predefined length, i.e., occupying multiple sets of PRB number. Each level indicates a different possible size of the allocated PRB numbers of the D2D-PSCH. For example, a sequence spanning 4 PRBs implies the D2D-PSCH may occupy at most 4 PRBs. A D2D receiver will blindly detect the sequences to find out the D2D-PSCH location. Once the exact time/frequency location of D2D-PSCH is determined by the preamble, other control information, such as, MCS, NDI, RV, etc., which are piggybacked on D2D-PSCH like UCI can be detected correspondingly. 
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. For option3, blind decoding of the sequence first is easier than to decode D2D-PSCH and makes it easy to find out the PRB location of the D2D-PSCH and thus obtaining the remaining control signaling. Also the mentioned UCI mapping and detailed design of the sequence need to be carefully considered. In one word, we have the following proposal:

Proposal: In terms of bearable control signaling size and detection performance, it is better to use a separate physical control channel or a separate RS than to reuse the DMRS as the indicator for the D2D-PSCH. Further potential problems for the two options need to be carefully considered.
3. Conclusions

In this contribution, we compared existing candidates for transmitting control signaling on D2D links, and then gave further design considerations for each method. It was proposed that, 

Proposal: In terms of bearable control signaling size and detection performance, it is better to use a separate physical control channel or a separate RS than to reuse the DMRS as the indicator for the D2D-PSCH. Further potential problems for the two options need to be carefully considered.
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