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1. Introduction
This contribution is updated from the contribution [1]. It is revised according to D2D terminologies which were agreed as working assumption in RAN1 #74bis meeting [2]. The potential physical channel types for D2D communication are discussed with respect to two resource allocation methods: contention based and scheduling based manners [3]. Furthermore, the frame structure of D2D communication providing contention part and contention free part to facilitate D2D communication. 
2. Discussion
For public safety use cases, D2D communication shall be able to be operated in multiple scenarios including within network coverage, out of network coverage and partial network coverage. In case of within network coverage, eNB can provide synchronization reference and resource management functionality for all D2D UEs. Synchronization reference and some control information can be provided via cellular link. In case of out of network coverage and partial network coverage, all of the synchronization reference and control information are transmitted in D2D link. Therefore, the potential physical channel types for D2D communication within network coverage are a subset of that in out of coverage scenario. In the following, physical channel types for out of coverage scenario is discussed, and further discussion on frame structure for partial D2D communication is also given. 
2.1. Channel types in scheduling based manner
For scheduling via cluster head, cluster head can control the resource assignment for D2D communication links. In order to support centralized scheduling, the following physical signal and channel types need to be introduced in D2D communication:

· D2DSS: D2D Synchronization Signal
D2DSS is transmitted by cluster head, which provides the local synchronization reference for the D2D UEs within its cluster. 

· PD2DSCH: Physical D2D Synchronization Channel
PD2DSCH is transmitted by cluster head, which includes the synchronization information [4](e.g. SFN, Synchronization status, and etc.), resource configuration information(e.g. channel bandwidth and resource configuration information of following channels) for D2D link. In addition, PD2DSCH can also be used to schedule transmission of cluster head data channel. 
· Cluster head control channel

Cluster head control channel (CH-CCH) which is transmitted by cluster head is used to carry the transmission grant information for Tx UE. The transmission target is the Tx UE. Rx UEs within cluster head coverage can also receive the transmission grant information and in this case they do not need to decode control part of each D2D data channel that can reduce energy consumption of Rx UEs within cluster head coverage. Detailed design of such transmission grant information to support Tx/Rx UEs reception needs further study.
If the D2D communication is originated by cluster head, the cluster head control channel can be used to carry the assignment information for the Rx UEs, and the transmission target is Rx UEs.
· Cluster head data channel

Cluster head data channel (CH-DCH) is used to transmit the data from cluster head to other D2D UEs. In scheduling based manner, the resource indicator and transmission format information can be carried by cluster head control channel or PD2DSCH, the cluster head data channel can only include data. 

· D2D data channel

D2D data channel is used to transmit data of D2D link by Tx UE. Tx UE monitors the cluster head control channel, and then transmits D2D data channel in the assigned resource. The design of D2D data channel is suggested to be the same as that in contention based manner. In the case of partial covered by cluster head, the out of cluster head coverage Rx UE can still receive data channel.  D2D data channel includes two parts: control and data parts. The control part which includes resource assignment (e.g. resource duration) and transmission format information (e.g. MCS) for data part is used to indicate the Rx UEs, particularly for the Rx UEs out of coverage of cluster head, to receive the data part. For Rx UEs out of coverage of cluster head, synchronization may also be achieved through the demodulation reference signals in this channel. Additionally, the D2D data channel can also be used to transmit data from cluster head to other D2D UEs. 
· REQ channel

REQ channel which is transmitted by potential Tx UE is used to request D2D data channel resource allocation from cluster head. In order to aid the resource assignment at cluster head, the REQ channel shall include the buffer state of D2D link and interference environment measured at the potential Tx UE. Tx UE can occupy the REQ channel through contention based manner or dedicate REQ channel resource. The potential Tx UEs can adjust the initial transmission power according to the RSRP measurement of D2DSS, PD2DSCH, CH-CCH or CH-DCH, and then the receiving power from Tx UEs at cluster head is almost the same. Therefore, the REQ channels from different Tx UEs can be multiplexed in FDM. 
With the consideration of half-duplex constraint, in case that the cluster head is transmitting the D2DSS, PD2DSCH, cluster head control channel, and cluster head data channel, other D2D UEs shall be operated in Rx mode. In case that the potential Tx UE is transmitting the REQ channel, the cluster head shall be operated in Rx mode. In order to avoid the resource waste due to Tx-Rx switching, the subframe for D2D link, which reuse the LTE subframe length(1ms),  can be divided into three types:

· CH to UE subframe: used to transmit the D2DSS, PD2DSCH, cluster head control channel and cluster head data channel. 
· UE to CH subframe: used to transmit the REQ channel. 
· UE to UE subframe: used to transmit the D2D data channel.

The above three types of subframe shall be separated in time-domain. An example of frame structure for D2D link in scheduling based manner is shown in Figure 1. In addition, for the case in coverage, eNB can replace cluster head. CH to UE subframe and UE to CH subframe can reuse the existing channels in LTE, e.g. PBCH, PSS/SSS, PDCCH/EPDCCH, PUCCH and etc. 
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Figure 1: Frame structure in scheduling based manner
2.2. Channel types in contention based manner
In contention based manner, cluster head only provides synchronization reference and simple configuration information. The configuration information can also be predefined. The channel types in contention based manner will be a subset of channel types in scheduling based manner, which are shown as following:
· D2DSS
· PD2DSCH
Similar to scheduling based manner, the information carried by PD2DSCH may be reduced due to the reduction of channel types, e.g. REQ and CH-CCH, in contention based manner.
· D2D data channel

Share the same design principle as scheduling based manner, the Tx UE occupies the D2D data channel resource through contention based manner.

· Cluster head data channel

Share the same design principle as scheduling based manner, the resource indicator and transmission format information can be carried only by PD2DSCH, and the cluster head data channel can be direct access by cluster head exclusively.

The frame structure for D2D link in contention based manner is shown in Figure 2.
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Figure 2: Frame structure in contention based manner
2.3. Frame structure for D2D communication
For public safety use cases, D2D communication can be operated in the multiple scenarios including within network coverage, out of network coverage and partial network coverage. The partial coverage scenario in this contribution includes two types: one is partial coverage of eNB control, the other is partial coverage of CH control, as shown in Figure 3. In partial coverage, UE1 can be operated as within coverage scenario which can occupy the resource in scheduling based manner, and UE2 can be operated as out of coverage scenario which can occupy the resource in contention based manner. If there is no interference coordination mechanism between eNB and UE2, UE2 may occupy the resource which have been assigned for UE1 transmission by eNB/CH, and hence the D2D link performance may be degraded. The detailed interference coordination mechanism is discussed in the companion contribution [5].
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Figure 3: Illustration of partial coverage
In order to avoid the interference between UEs within coverage and out of coverage, the frame structure for D2D communication can be preconfigured or configured by eNB/CH with two parts:
· Contention part: In the contention part, D2D UEs can occupy the resource in contention based manner. As shown in Figure 3, UE2 can transmit data in contention part through contention based manner.
· Contention free part: In contention free part, D2D UEs can occupy the resource in scheduling based manner which is controlled by eNB/CH. As shown in Figure 3, UE1 can transmit data in contention free part through eNB/CH scheduling.
The frame structure for D2D link is shown in Figure 4.
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Figure 4: Frame structure for D2D communication
3. Conclusion 

In this contribution, we discuss the potential physical channel types for D2D broadcast communication. With the consideration of different resource allocation methods, different channel types need to be introduced for both scheduling based manner and contention based manner. Therefore, we have the following proposals:
Proposal 1: The physical channel types in table 1 shall be introduced in D2D communication. 

Table 1: Physical channel types in D2D communication
	Direction
	Channel type
	Scheduling based manner
	Contention based manner

	CH to UE 
	D2DSS
	Y
	Y

	
	PD2DSCH 
	Y
	Y

	
	Cluster head control channel
	Y
	N

	
	Cluster head data channel
	Y
	Y

	UE to UE
	D2D data channel
	Y
	Y

	UE to CH
	REQ channel
	Y
	N


Proposal 2: With the consideration of half-duplex operation for Tx-Rx state, the subframe used for CH to UE channels, UE to CH channels, and UE to UE channels shall be separated in time-domain.

Proposal 3: The frame structure for D2D communication can be preconfigured or configured by eNB/CH with two parts:
· Contention part: In the contention part, D2D UEs can occupy the resource in contention based manner.

· Contention free part: In contention free part, D2D UEs can occupy the resource in scheduling based manner which is controlled by eNB/CH.
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