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1
Introduction
This contribution discusses design issues of physical channels for D2D broadcast communication. Firstly, discussions on considerable issues for D2D physical channel design are made in a high level. Secondly, possible design options for physical channels are presented.
2
Design aspects on D2D physical channels
Until RAN1 #74, we have reached some agreements for the D2D broadcast communication.
· It is assumed that D2D operates in UL spectrum (in the case of FDD) or UL sub-frames of the cell giving coverage (in the case of TDD except when out of coverage)

· It is assumed that D2D transmission/reception does not use full duplex on a given carrier

· Baseline for the broadcast communication on which RAN plenary has tasked RAN1 to focus, is that no closed loop physical layer feedback is used.

· Assume 624Ts (20s) for both tx-rx and rx-tx switching. 
According to the current agreements, D2D UE shall operate in a half-duplex mode with a fixed tx-rx/rx-tx switching time. Therefore, a sufficient time domain gap for tx-rx/rx-tx switching should be considered for the D2D physical channel design. 

Another issue is the selection between SC-FDMA and OFDMA. It was agreed that UL spectrum or UL subframe is used for D2D for inside network coverage. The usage of the UL spectrum does not necessarily mean that SC-FDMA should be used for D2D as current UL data. OFDMA is beneficial in the sense that the UE does not need additional baseband rx operation, but SC-FDMA is more advantageous in terms of the coverage. For the public safety use case, coverage seems to be more critical compared to UE complexity, so that we propose to use SC-FDMA scheme for D2D physical channel.
Proposal 1:

· A sufficient time domain gap for tx-rx/rx-tx switching should be considered for the D2D physical channel design.

· SC-FDMA scheme is used for D2D physical channels.
In the following subsections, we classify D2D physical channels into data channel and control information. Then discussion on each channel design aspect is made.
2.1 Data channel design
For the data channel design, the easiest way is to reuse the current data channel format, i.e. PUSCH or PDSCH. The choice out of two formats depends on the choice of the waveform. Since we mentioned that it is good to adopt the SC-FDMA scheme for D2D communication, PUSCH is the most promising way since it is required to use contiguous reference signal in a frequency domain for guaranteeing single carrier property.

Figure 1 is the possible format of the D2D data channel following the current PUSCH format. It consists of various steps for channel structure, e.g. CRC attachment, channel coding, rate matching, scrambling, modulation, and etc.
 
[image: image1.emf]CRC

Segmentation

Coding

Ratematching

Scrambling

Modulation

DFT

CRC insertion per transport block

Code-block segmentation including 

possible per-code-block CRC insertion

Channel coding (Turbo coding)

Rate matching

Bit-level scrambling

Data modulation 

(QPSK, 16QAM, 64QAM)

DFT pre-coding


Figure 1: Physical channel design of the D2D data channel

For the CRC insertion, we need to clarify the number of CRC bits. Current RAN1 specification defines 24, 16, and 8 CRC bits. 24 CRC bits are for the use of shared channel, paging channel, and multicast channel. 16 and 8 CRC bits are applied to broadcast channel or other control information. If the data channel is to re-use PUSCH format, 24 is the proper size for the CRC of the D2D data channel.
The selection of channel coding scheme is straightforward. For public safety, voice service is the most practical use case. However, data communication with a certain rate is also to be considered, e.g. for the transmission of image or small video. Considering those use cases, the existing turbo coding is the best way forward for the channel coding scheme of the D2D data channel.
Since we agreed that there is no closed loop physical layer feedback for the D2D data channel, HARQ feedback would not be assumed for D2D data channel. Therefore, rate matching may be performed just for matching the coded bit size into the number of physical channel bits. However, for the reliable transmission, we may apply the autonomous retransmission without any feedback. Taking this into account, we can make use of the rate matching step for generating different redundancy version data for multiple transmissions.
Interference is also a considerable design issue for D2D data channel. Even in out-of-network coverage case, a D2D Rx UE may expect interference from D2D broadcast transmitters which are not of interest when coverage of the transmitters overlaps each other. This can be seen as a similar situation where inter-cell interference exists in cellular systems. Bit-level scrambling step can easily be utilized for randomizing inter-cell interference like the current PUSCH.
Proposal 2:
· PUSCH structure is reused for D2D data channel considering following aspects
· 24 bit CRC is inserted

· Turbo coding is used

· Rate matching is used for bit size matching and possibly for generating multiple transmissions.

· Scrambling is to be considered for interference randomization.
2.2 Control information
In this section, we consider all information other than data channel as control information.

Based on the discussion in [1], the resource for data channel is assumed to be allocated in a distributed manner. In the case of the distributed resource allocation scheme, channel access can be done by a contention based way and a certain beacon signal is required for this contention based channel access. For example, D2D UEs who want to transmit data would first verify the existence of available resources for its transmission. At the same time, D2D UEs who are transmitting data need to indicate the resource occupancy to other D2D UEs. The beacon signal can work for this purpose. For the design of this channel access beacon signal, a simple sequence with good detection property can be introduced. One potential candidate could be based on the Zadoff–Chu (ZC) sequences currently utilized in LTE. 
Additional control information for the reception of data channel may need to be considered. In this case, control information needs to be transmitted with the data channel concurrently. What kind of information is required and how to multiplex the data channel and control information is FFS. 

Proposal 3:
· For distributed resource allocation, control information to support a contention-based channel access needs to be considered.
4
Conclusion

Based on the discussion in this contribution, we propose followings.
Proposal 1:

· A sufficient time domain gap for tx-rx/rx-tx switching should be considered for the D2D physical channel design.

· SC-FDMA scheme is used for D2D physical channels.
Proposal 2:
· PUSCH structure is reused for D2D data channel considering following aspects

· 24 bit CRC is inserted

· Turbo coding is used

· Rate matching is used for bit size matching and possibly for generating multiple transmissions.

· Scrambling is to be considered for interference randomization.
Proposal 3:
· For distributed resource allocation, control information to support a contention-based channel access needs to be considered.
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