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1 Introduction
In RAN1 #74bis meeting, the conclusions on control signaling for D2D link are as follows: 
For transmission of control signalling on D2D link, FFS between: 

· Separate physical channel for control signalling, e.g. similar to PUCCH

· Multiplex control signalling into data channel, e.g. similar to UCI piggybacking on PUSCH, or at MAC level, or via DMRS. 

· FFS whether there could be only control signalling in this case

In this contribution we further discuss the control signaling on D2D link under out of network coverage.
2 D2D Control Channel under out of network coverage
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.
2.1 D2D direct control channel from CH
In the scenario of out of network coverage, D2D communication related control information can be transmitted from the cluster head (elected from D2D UEs). That is, cluster head and UE exchange only control information, no data communication in between.
For non-CH UEs, only data is exchanged between, no control signaling from one UE to another. Such alternative is suitable for CH-based centralized scheduling. The cluster head plays the similar role as eNB in the case of network coverage. Therefore, D2D direct control can be carried in PUCCH/PUSCH, or through MAC or RRC signaling carried on PUSCH.

Proposal 1: In the case of centralized scheduling, D2D direct control channel can be carried on PUCCH/PUSCH sent from the cluster head, or via MAC or RRC signaling carried on PUSCH., if the cluster head has the processing power for resource allocations and other control signaling.
2.2 D2D direct control channel between D2D UEs
First, the cluster head semi-statically allocates the time/frequency resource pool. Then D2D transmitter selects the actual resources within the resource pool. That is, control information for D2D communication is exchanged between D2D UEs, allowing certain level of resource flexibility. Both traffic data and control signal are transmitted by D2D UEs. This approach is suitable for distributed scheduling with minimum involvement of CH.
In this alternative, it is more convenient to send D2D direction control channel on physical channel. The major difference from Section 2.1 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 reduced sharply. 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, for example:
a) D2D direct control channel is multiplexed with D2D data and mapped to PUSCH
In this approach, control signal of D2D link is multiplexed with D2D data and then mapped to the same RB/RB pair on UL resource. So the processing and mapping of D2D control channels, the load of D2D PCCH and the blind decoding at the receiver can be different for different mapping methods. 
There are several mapping methods are considered: 
i) As shown in Fig. 1, to multiplex D2D direct control signaling into data channel similar to the CQI transmitted on PUSCH; 
ii) As shown in Fig. 2, to multiplex D2D direct control signaling into data channel similar to the RI/ACK transmitted on PUSCH; 
iii) As shown in Fig. 3, the mapping can be at the granularity of SC-FDMA symbol, i.e., D2D scheduling grants occupy some SC-FDMA symbols around DMRS within the bandwidth they can use. 
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Figure 1 Multiplex D2D direct control to data channel, similar to the CQI transmitted on PUSCH
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Figure 2 Multiplex D2D direct control to data channel, similar to the RI/ACK transmitted on PUSCH
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Figure 3 Multiplex D2D direct control channel to data channel, with the granularity of SC-FDMA symbol.

For method i) and ii), the processing and mapping of D2D control channel can be similar to the processing of UCI piggybacking on PUSCH in LTE. The resources occupied by D2D PCCH are fixed in each RB, as Table 1 show, one RB may not be enough to carry D2D control information. Hence, a set of D2D PCCH candidates to monitor by the receiver should be defined at RB level, such as 1 or 2 or more RBs.  
Table 1: the load of D2D PCCH carried on each RB for method i) and ii)
	Mapping method
	Number of REs
	Number coded bits for D2D control

	i)
	20
	40

	ii)
	16
	32


For Method iii), D2D control signals can be scrambled and modulated according to section 6.8 of 36.213.  The payload depends on the number of SC-FDMA symbols used for the control part, as shown in Table 2. Hence, a set of D2D PCCH candidates to monitor by the receiver should be defined at SC-FDMA symbols level, e.g., 1, 2, 3 or 4 aggregation level.
Table 2: the load of D2D PCCH carried on each RB for method iii)

	D2D PCCH format
	Number of SC-FDMA symbols
	Number coded bits for D2D control

	0
	1
	24

	1
	2
	48

	2
	3
	72

	3
	4
	96


b) D2D direct control channel is transmitted on PUCCH
In this case, the resource granularity can be at resource element (RE) level, similar to PUCCH format 1/1a/1b or PUCCH format 2/2a/2b/3. 
As Fig. 4 shows, the channel structure of PUCCH format 1/1a/1b is used for D2D PCCH, that means D2D control can be scrambled and modulated according to section 6.8 of 36.213, and then be mapped to the green blocks in time domain. In this case, the number of REs for D2D control in each RB is 72. Multiple D2D control channels may be multiplexed in the same RB.
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Figure 4 D2D direct control channel uses the channel structure of PUCCH format 1/1a/1b

As Fig. 5 shows, the processing and mapping of D2D control can follow the processing of CQI in LTE when PUCCH format 2/2a/2b/3 is used. D2D PCCH can be mapped to the green blocks in time domain, and to some part of RB/RB pair in frequency domain. Multiple D2D control channels may be multiplexed in same PRB. 

[image: image6.emf]t

Slot 1 Slot 2

freqency

R

B

RS of PUCCH format 2/2a/2b/3

D2D direct control channel

GP


Figure 5 D2D direct control channel uses the channel structure of PUCCH format 2/2a/2b/3
It is seen from the above discussion that standard impact of the method in 2.1 is relatively small. However, the D2D communication highly relies on the cluster head, with limited flexibility. The delay is also relatively big. The method discussed in 2.2 can provide more flexibility and reduces the reliance on the cluster head, but requiring more standardization effort.
Proposal 2: 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: In the case of centralized scheduling, D2D direct control channel can be carried on PUCCH/PUSCH sent from the cluster head, or via MAC or RRC signaling carried on PUSCH., if the cluster head has the processing power for resource allocations and other control signaling.
Proposal 2: 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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