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1 Introduction

In the last meeting (RAN1 #74bis), SC-FDMA was assumed to be the multiple access scheme for D2D communication. There were some online discussions on D2D data channel design, control channel design and control signaling contents, and multiplexing. There were some working assumptions/conclusions reached [1].
In this contribution, based on the previously agreed WA (SC-FDMA), we propose a design for D2D communication channel. We discuss control channel, data channel and RS design.
2 Discussion on physical control channel design

There are two main issues which should be considered for D2D physical control channel design:

2.1 Issue 1: What kinds of control signaling should be carried?
In a common understanding, a physical layer control channel is used to convey control signals or messages that cannot be carried sufficiently, efficiently, quickly or conveniently by higher layers. What kinds of control signals should be carried for D2D physical control channel? In the last meeting, resource allocation and MCS indication were identified that may be included in a physical layer control channel depending on the scenarios and other items were FFS. Some other potential control information may include: power related information, MIMO related information, new data indicator, etc.

2.1.1 MCS indication
Since the modulation and coding scheme is not fixed for a D2D transmission, MCS should be indicated to the receiver because MCS can be used to select the appropriate throughput for the current channel conditions. If the legacy table in 36.213 is reused, 5 bits can be assumed.
2.1.2 RV indication

Repetition can be the regular transmission operation for broadcast. The RV indication field can be used to indicate a redundancy version by specifying different starting points in the circular buffer for reading encoded bits. With this field, the transmitter can choose different RVs on the repetitions of the same packet. 2 bits are enough for RV; otherwise RV can be jointly encoded with MCS into 5 bits.
2.1.3 New data indicator

New data indicator field is needed to inform whether the current transmission is a repetition/retransmission of data. The receivers can combine the same data according to NDI field. 1 bit is enough for NDI.
2.1.4 Resource allocation (RA)
Resource allocation field is used to indicate the PRBs occupied by the data transmission. If the control channel is PUCCH-like and located in a fixed bandwidth, then this control information can be applied for the data transmission in the same subframe. But if the control information is multiplexed with data in the same subframe, similar to UCI piggybacked on PUSCH, it cannot be used to indicate itself. So cross-carrier or cross-subframe indicator may be used for the control information applied for the data transmission of another carrier or another subframe thereafter.
2.1.5 Power setting
For a D2D receiver, it may receive signals from multiple transmitters with different path losses. If the receiver knows the transmit power of each transmitter, it can calculate the path loss. For 1:1 communication, when the receiver becomes a transmitter, it can determine the proper power setting. This field may be optional.
2.1.6 MIMO information

Since it has been agreed that no closed loop physical layer feedback is used for broadcast communication, the performance of closed loop MIMO schemes will suffer without any feedback from the receiver. Therefore, additional fields used for MIMO information to indicate whether the transport block is more than one may be optional if the transmitter is allowed to use MIMO. If Rank-1 transmission is always assumed, there is no need to carry MIMO related field in D2D physical control channel.
Some other possible items may be also needed, such as HARQ related information, which will be discussed in the contribution [2].

Based on the above discussion, we have the following proposals:

Proposal 1: RV and NDI should be included in the control signaling for D2D communication besides MCS and RA. Power related information; MIMO related information can be optional. Other items, such as HARQ related information can be FFS.
2.2 Issue 2: How to transmit the control signaling?
Two alternatives were discussed in the last meeting on the transmission of control signaling on D2D link, including PUCCH-like control channel or similar to UCI piggybacked on PUSCH.

Alternative 1: Separate physical channel for control signaling, e.g. similar to PUCCH
One possible design is to transmit control signaling separately from the data channel, similar to PUCCH in LTE as shown in Figure 1. This separate physical channel control signaling can be located in a frequency region on the edges of the system bandwidth, which can achieve frequency diversity by frequency hopping, maintaining the single carrier nature of the data signal for a single UE, and cause fewer constraints on data transmission as the entire central portion of the band is used to transmit data.
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Figure 1. PUCCH-like control channel

Alternative 2: Multiplex control signaling into data channel, e.g. similar to UCI piggybacking on PUSCH, or at MAC level, or via DMRS. 

Another alternative is to transmit control signaling multiplexed together with data, similar to UCI piggybacking on PUSCH as shown in Figure 2. The control signaling is multiplexed together with data prior to DFT-spreading to preserve the low CM single carrier property. The control signaling can be either placed at the beginning of the data resources similar to CQI/PMI piggybacked on PUSCH, or puncturing the data next to DM-RS symbols similar to HARQ ACK/NACK and RI mapped to SC-FDMA symbols on PUSCH.
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Figure 2. Control signaling multiplexed with data

There are some comparisons between these two alternatives listed as below.
Table 1. Summary of alternatives

	Alternatives
	PUCCH-like control channel
	Control information carried by PUSCH 

	Reuse legacy mechanisms
	PUCCH
	UCI on PUSCH

	Single carrier character 
	No
	Yes

	Cubic Metric (CM)
	High
	Low

	Can be used for current subframe
	Yes
	No

	Capacity
	Limited
	Larger

	Simultaneous transmission capacity requirement
	Yes
	No

	Power control may be needed
	Yes
	No

	Relationship with data
	Separate
	Multiplexed with data


Because both alternatives have some advantages and shortcomings, it should be further studied how to transmit the control signaling for D2D link. But from the single carrier character perspective, we slightly prefer to multiplex control signaling with data.
Based on the above discussion, we have the following proposals:

Proposal 2: It should be further studied how to transmit the control signaling for D2D link. From the single carrier character perspective, we slightly prefer to multiplex control signaling with data.
3 Discussion on physical data channel design

In the last meeting, legacy PUSCH structure and related characters, e.g. coding, rate matching, scrambling, CRC, was suggested to be reused for D2D data communication physical channel. The multiplexing method between D2D signal and cellular signal from individual UE perspective are also discussed.
3.1 Data channel structure
In the last meeting, there were some online discussions on D2D data channel structure, and the working assumption was to reuse the current PUSCH structure for D2D data communication physical channel. Most of the channel structure and processing steps of the current PUSCH can be reused, including,

· 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 used for interference randomization.
There are some remaining items leaving FFS, including interleaver, CP length, RE mapping and guard period. For the details of CP length and guard period, please refer to another contribution [3] in which the related issues are discussed. Some possible enhancements to the interleaver could be introduced if some benefit of performance can be shown. For the detailed RE mapping, it can be discussed after possible additional reference signals are decided.
The processing structure for the data channel may include:

· Add CRC to the transport block

· Code block segmentation and code block CRC attachment

· Channel coding of data and control information (depends on whether Alt 1 or 2 in section 2.2 is adopted)
· Rate matching

· Code block concatenation

· Multiplexing of data and control information (depends on whether Alt 1 or 2 in section 2.2  is adopted)
· Channel interleaver
· Scrambling

· Modulation of scrambled bits to generate complex-valued symbols
· Mapping of the complex-valued modulation symbols onto one or several transmission layers

· Transform precoding to generate complex-valued symbols

· Precoding of the complex-valued symbols
· Mapping of precoded complex-valued symbols to resource elements

· Generation of complex-valued time-domain SC-FDMA signal for each antenna port
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Figure 3. Data channel structure
For the data channel structure, we propose that:
Proposal 3: The data channel structure of current system can be reused as much as possible.

3.2 Multiplexing
It was confirmed in the last meeting that TDM can be used for multiplexing D2D signal and cellular signal from an individual UE perspective at least within one carrier. Subframe level TDM should be supported where some subframes are allocated for D2D link and other subframes are scheduled for cellular link. Due to the different timing advance needed for cellular link and D2D link, a guard period should be reserved between the cellular transmission and D2D transmission. Symbol level TDM should be carefully considered due to the overhead of guard period and resource allocation, e.g. for some special cases such as cellular SRS and D2D data transmission, it may be useful to reserve the last symbol in D2D subframe for cellular SRS transmission.
Another consideration is whether FDM can be used for multiplexing D2D signal and cellular signal from an individual UE perspective. It may not be needed to support frequency multiplexing between cellular data transmission and D2D data transmission. If FDM between cellular PUCCH and D2D transmission can be supported, there would fewer restrictions for resource allocation and HARQ timing. But considering the near-far effect in the case of FDM and the complexity of UE, we suggest not supporting simultaneous transmission of cellular PUCCH and D2D transmission in a given subframe. 
Based on the above discussion, we have the following proposals:

Proposal 4: No simultaneous transmission of PUCCH (Cellular) and D2D. TDM only between cellular and D2D (may including cellular SRS transmission).
4 Discussion on reference signal design

Reference signals are needed for D2D communication such as demodulation RS and possibly other RS. Demodulation RS is primarily needed and should be transmitted with data for channel estimation. Therefore, it was assumed in the last meeting to transmit DMRS with D2D data transmission as a working assumption, while additional RS is FFS. Introduction of other RS depends on the deployment scenarios. CSI-RS may not be needed and seems hard to implement in an SC-FDMA system. On the other hand, SRS may be needed to perform some interference measurements. In addition, for synchronization purposes, some tracking RS may be needed. Other RS is FFS if there are new requirements.
Since SC-FDMA is considered as the multiple access scheme for D2D communication, the reference signal should occupy a full symbol and span the same bandwidth as data transmission. The overhead for DM-RS and some other possible addition RS should be considered for throughput.
Based on the above discussion, we have the following proposals:

Proposal 5: CSI-RS is not needed. FFS if SRS is needed. Other RS is FFS. The overhead of RS should be considered.
5 Conclusion

In this contribution, we discuss the physical channel design for D2D link. Based on the above discussion, we have the following proposals:

Proposal 1: RV and NDI should be included in the control signaling for D2D communication besides MCS and RA. Power related information; MIMO related information can be optional. Other items, such as HARQ related information can be FFS.
Proposal 2: It should be further studied how to transmit the control signaling for D2D link. From the single carrier character perspective, we slightly prefer to multiplex control signaling with data.
Proposal 3: The data channel structure of current system can be reused as much as possible.

Proposal 4: No simultaneous transmission of PUCCH (Cellular) and D2D. TDM only between cellular and D2D (may including cellular SRS transmission).

Proposal 5: CSI-RS is not needed. FFS if SRS is needed. Other RS is FFS. The overhead of RS should be considered.
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