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1 Introduction
With the continuing progress in D2D study, quite amount of technical details of D2D communication starts to be discussed.  In this contribution we focus on the control channels for D2D communication, applicable to different deployment scenarios such as unicast, multicast and broadcast.
2 D2D Control Channel
The payload on D2D control channel is the grant information to schedule the data transmission between D2D UEs. Different designs may be needed for different deployment scenarios, types of applications and scheduling strategies. For example, based on whether direct control channel is needed between UEs, there can be two cases: 1) without direct control channel; 2) with direct control channel. Based on whether to support dynamic scheduling, there can also be two cases: 1) to maximally reuse the control channel design in legacy LTE system and support subframe level dynamic scheduling; 2) no dynamic scheduling, instead, to use higher layer RRC to carry the control signaling for D2D link. More analysis is as follows.
2.1 Without D2D direct control channel
The so called Without D2D direct control channel means that control signaling related to D2D communication all come from eNB. In another word, there is only D2D traffic exchange between UEs, no control signaling. This mode is applicable to with network coverage in particular with centralized scheduling. It can be used for unicast, group cast and broadcast. In this mode, the control signaling can be through physical channels, or higher layers.

1. Reuse physical channels of LTE/LTE-A
D2D DCI from eNB can be carried via PDCCH/ePDCCH. The transmitting D2D UE and receiving D2D UE(s) would blind decode PDCCH/ePDCCH per subframe basis, and perform the transmission and reception according to the scheduling indication. This approach allows dynamic resource allocation of D2D traffic, and can reuse most of designs of control channels in LTE/LTE-A. The drawback is the potentially huge signal overhead and the delays of the D2D traffic delivery. It is more suitable for unicast which tends to be of busty nature. 
However for broadcast/group cast in Public Safety, most of traffic has low data rate with small packets of fixed size, as VoIP service. Too flexible dynamic scheduling brings about unnecessary overhead, therefore, semi-persistent scheduling (SPS) can be considered. That is, within the timing window of the SPS, D2D DCI is only transmitted in the first subframe. The transmitter and the receiver would transmit and receive the packet in pre-defined subframe of fixed period, and in the same PRB resources, until the SPS is released.
Regardless of dynamic or semi-static scheduling, eNB may send macro DCI, in addition to D2D DCI. These two types of DCI may be interleaved, or non-interleaved, and mapped to PDCCH/ePDCCH. Hence, D2D UEs should differentiate between D2D DCI and macro DCI. There are a number of ways to achieve this. For example, a dedicated D2D-RNTI can be introduced for D2D UEs. For unicast, eNB can allocate a D2D-RNTI for both transmit and receive ends of each D2D pair, which is different from C-RNTI. The two D2D UEs use the allocated D2D-RNTI to blind decode PDCCH/ePDCCH and derive the control signaling relevant to the D2D communication. For broadcast/group cast, the network can pre-allocate a SPS-group-RNTI. The D2D control information sent by eNB can be scrambled by SPS-group-RNTI and would be used to indicate broadcast transmission and reception. Although this approach is simple and flexible, and can reuse the design in LTE, the network has to reserve extra resources for D2D-RNTI or SPS-group-RNTI, which increases the complexity of blind decoding.
In addition, one or two bits can be added to the DCI to differentiate between D2D DCI and macro DCI, or alternatively use the reserved bits in the currently supported DCI. This way, not only the resource of RNTI can be saved, also the decoding complexity would not be increased.
Lastly, different DCIs can be separated in search space. For example, besides the currently supported common search space and UE-specific search space, D2D UEs can be configured with D2D-specific search space.
2. Higher layer signaling based
According to agreement of RAN1#74, D2D communication in Rel-12 will be focused on D2D broadcast scenario. In this scenario, as the number of potential receiving UEs is very big, the dynamic scheduling based on closed-loop feedback can hardly be used. Therefore, static or semi-persistent scheduling is more suitable.

For non-dynamic scheduling, higher layer signaling fits better as the scheduling procedure is very stable. In fact, LTE already supports the similar mechanism, as in the case of MBMS where the scheduling information such as resource allocation and MCS are all indicated via RRC messages. In this approach, most of the physical layer specifications can be reused. For example, eNB can allocate a higher layer control channel for each UE, or for multiple UEs, and the signaling is carried in one PDSCH. Such higher layer signaling comprises the time domain allocation (in subframe index), frequency domain allocation (in resource block index), MCS, power control parameters, or timing advance (TA), etc. Another advantage of using higher layer signaling is that the receive UEs can be in idle state.
Proposal 1: No D2D direct control channel is suitable for network coverage scenario with centralized scheduling. The D2D control channel can be either PDCCH/ePDCCH sent by eNB, or via RRC signaling carried in PDSCH；
Proposal 2: Dynamic scheduling is more suitable for unicast. For broadcast/group cast, it is recommended to use semi-persistent scheduling or RRC signaling for resource scheduling.
2.2 With D2D direct control channel
The so called with D2D direct control channel implies that all or partial grant information is sent between D2D UEs. Depending on the scheduling strategy, it can have two variants. 

Alt 1: D2D control and data carried on different links
D2D communication related control information is all from the cluster head (elected from D2D UEs). That is, cluster head and UE exchange only control information, no data communication in between. Regular D2D UEs exchange only data, no control signaling in between. Such alternative is suitable for cluster head based centralized scheduling, applicable for unicast, broadcast and group cast. In this scenario, the cluster head plays the similar role as eNB in the case of network coverage. Therefore, D2D direct control can be carried in PDCCH/ePDCCH, or through higher layer signaling as discussed in Section 2.1.
Proposal 3: In the case of centralized scheduling, but out of the network coverage, D2D direct control channel can be carried on PDCCH/ePDCCH sent from the cluster head, or via RRC signaling carried on PDSCH.
Alt 2：D2D control and data carried on the same link
First, the network semi-statically allocates the time/frequency resource pool via higher layer signaling. Then D2D transmitter or receiver would carry out the second step resource allocation within the resource pool. That is, D2D communication related control information is exchanged between D2D UEs, allowing certain level of resource flexibility. Both data communication and control information are carried between D2D UEs. This approach is suitable for semi-centralized or distributed scheduling.

In this alternative, it is more convenient to send D2D direction control channel on physical channel. The major difference from Alt. 1 is that both control and data are transmitted on UL spectrum, resulting in different designs:

1) New design of D2D DCI: need to simplify the currently supported DCI, to remove un-necessary overhead, for example, since the resource pool is semi-statically allocated, the corresponding bits in the DCI can be eliminated. For broadcast/group cast, since closed-loop feedback is not supported, CQI related bits can be removed from the DCI. 
2) New resource mapping from D2D direct control channel to PUSCH/PUCCH, for example:
When D2D direct control channel is transmitted on PUSCH，the mapping can be at the granularity of RB/RB pair. The D2D scheduling grant can occupy part of RB/RB pair within the bandwidth they can use. Hence, the blind decoding at the receiver should be carried out at RB/RB pair level. As Fig. 1 shows, 

[image: image1.emf]denotes UL reference signal， denotes D2D direct control channel。Alternatively, the mapping can be at the granularity of SC-FDMA symbol, i.e., D2D scheduling grants occupy some SC-FDMA symbols within the bandwidth they can use. Consequently, blind decoding should be at SC-FDMA symbol level, as Fig. 2 shows.
Also note that in order to accommodate the Tx/Rx or Rx/Tx switching and the potential interference to cellular communication, the beginning and the end of D2D subframe may be punctured.

[image: image3.png]



Figure 1. Resource mapping of D2D direct control channel at the granularity of RB/RB pair
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Figure 2. Resource mapping of D2D direct control channel at the granularity of SC-FDMA symbol
When D2D direct control channel is transmitted on PUCCH, the resource granularity can be at resource element (RE) level, similar to PUCCH format 1/1a/1b or PUCCH format 2/2a/2b. As Fig. 3 shows, when PUCCH format 1/1a/1b is used, D2D direct control channel can be mapped to the green blocks in time domain, and to one or multiple RB/RB pair in frequency domain. When PUCCH format 2/2a/2b is used, D2D direct control channel can be mapped to the yellow blocks in time domain, and to one or multiple RB/RB pair in frequency domain.
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Figure 3. D2D direct control channel carried on PUCCH
It is seen from the above discussion that standard impact of Alt. 1 is quite small. However, the D2D communication highly relies on the cluster head, with limited flexibility. The delay is also relatively big. Alt. 2 can provide more flexibility and reduces the reliance on the cluster head, but requiring more standardization work. 
Proposal 4：In the case of semi-centralized or distributed scheduling, D2D direct control channel can be transmitted on UL spectrum, either by PUSCH or by PUCCH. This requires new DCI design and resource mapping.
3 Conclusions

Design of D2D control channel was discussed under the different deployment scenarios and scheduling strategies. 
Proposal 1: No D2D direct control channel is suitable for network coverage scenario with centralized scheduling. The D2D control channel can be either PDCCH/ePDCCH sent by eNB, or via RRC signaling carried in PDSCH.

Proposal 2: Dynamic scheduling is more suitable for unicast. For broadcast/group cast, it is recommended to use semi-persistent scheduling or RRC signaling for resource scheduling.

Proposal 3: In the case of centralized scheduling, but out of the network coverage, D2D direct control channel can be carried on PDCCH/ePDCCH sent from the cluster head, or via RRC signaling carried on PDSCH.

Proposal 4：In the case of semi-centralized or distributed scheduling, D2D direct control channel can be transmitted on UL spectrum, either by PUSCH or by PUCCH. This requires new DCI design and resource mapping.
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