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1 Introduction

In the previous meeting (RAN1 #76), potential control information items needed for D2D communication were discussed. It was agreed that a means is needed for receivers to combine received data [1]. 

Conclusion:

A means (explicit or implicit) is needed for a receiving UE to identify which D2D data transmissions can be combined. 

Study further until RAN1#76bis how to implement the means for a receiving UE to identify which D2D data transmissions can be combined.

Study further until RAN1#76bis which of the following items of control signalling are needed for D2D data communication, including how these relate to the means for a receiving UE to identify which D2D data transmissions can be combined.

· NDI

· Tx UE ID 

· Explicit RV indicator

· MCS indication

· Others are not precluded

In this contribution, potential control signaling and how they can identify which D2D data transmissions can be combined will be discussed. We will also provide a comparison of the two main methods for transmitting control signaling.
2 The potential items of control signaling

In this section, we discuss potential items of control signaling for D2D communication including NDI, Tx UE ID, RV, and MCS. For a receiving UE to identify which D2D data transmissions can be combined, the UE needs to know when/where/who transmits the data and whether the data is a re-transmission.

2.1 Tx UE ID

It is a simple method to carry the transmit UE ID explicitly in the control signaling to help data combining. If the receivers can distinguish whether the received data is from the same transmitter, the receivers can then combine the received data. The ProSe UE ID is large (32/48 bits), and transmitting it would create significant overhead. Fortunately, it is not necessary to send it:

· As explained in [2], D2D transmissions are scrambled with a D2D-RNTI. Thus, the Tx UE ID only needs to be a temporary ID within the group. Thus, a number of bits could be much lower. 16 bits, just like the C-RNTI, is enough to indicate the temporary Tx UE ID.
2.2 New data indicator (NDI)
For a D2D broadcaster, there may be some repetitions of the same content before transmitting new data. From the receivers’ perspective, even with the Tx UE ID, they are unaware whether the received signal is a new transmission. The NDI field can inform whether the current transmission is a repetition/retransmission of data. The receivers can combine the same data based on changes in the NDI field. 

Similar to 36.212, the NDI can be a 1 bit field. Note that technically, it could be possible to even not transmit this bit. However, given that the overhead is negligible, and that sending an NDI prevents the UE to combine packets that should not be combined, the additional robustness is worth the transmission of an additional bit.
2.3 Redundancy version (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 repetitions of the same packet. The receivers can combine the received data of the same process.

Currently for channel coding, there are 4 possible redundancy versions. Hence, 2 bits are enough for RV. As with uplink scheduling, the RV can be jointly encoded with MCS into 5 bits. Similar to the NDI, the RV may be implicitly derived. However, in order to increase robustness, we suggest transmitting it as well.
2.4 MCS indication

If there is no MCS indication, then the modulation and coding scheme for a D2D transmission will be fixed, resulting in the inability to adapt to the channel conditions. The MCS can be carried with other control signaling to the receiver if the transmitter can make MCS selection since the MCS can indicate the throughput for the current channel conditions. But since the baseline is no closed loop physical layer feedback, it is difficult to implement link adaptation. From this point of view, MCS field may be optional. If transmitted, 5 bits can be used to code the MCS, just like for cellular transmissions.
Other fields should be for further study.

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

Proposal 1: Control signaling for D2D communication includes at least: a temporary Tx UE ID, NDI, RV and optionally MCS. Other items are FFS.

3 How to transmit the control signaling?

Control signaling can be transmitted in a separate control channel or multiplexed with data.

3.1 Alternative 1: Separate physical channel for control signaling
One possible design is to transmit control signaling separately from the data channel, similar to PUCCH in LTE as shown in Figure 1. There can be some subframes in which only control signaling or only data is transmitted and it is not necessary to occupy the whole bandwidth. This separate physical 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. In essence, the control channel is similar to PUCCH.
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Figure 1. Separate control channel and data channel. Note that while the data is shown as occupying the entire bandwidth for illustration purposes only. In practice, it does not necessarily occupy the whole bandwidth.
3.2 Alternative 2: Multiplex control signaling into data channel
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. For this alternative, UE must buffer the entire subframe before it can decode the control signaling and then data.
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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
	Control channel and data channel
	Control signaling multiplexed with data

	Reuse legacy mechanisms
	PUCCH
	UCI on PUSCH

	Single carrier property 
	No
	Yes

	Cubic Metric (CM)/PAPR
	High
	Low

	Capacity
	Limited
	Larger

	Simultaneous transmission capability requirement
	Yes
	No

	Additional power control may be needed
	Yes
	No


As discussed in Rel-8, for PAPR/CM aspects, when control signaling transmitted in PUCCH simultaneously with PUSCH data, the PAPR/CM will be increased since the single carrier characteristics are lost. As a result, the UE transmitter power efficiency will be reduced, and accordingly, the coverage of the control signaling will be negatively affected. In contrast, when the control signaling multiplexed with data, the PAPR/CM is not affected since the data+control signal is a single carrier signal. Given that for D2D transmission, SC-FDMA was chose in order to have low PAPR properties, having a separate control channel similar to PUCCH should not be adopted. 
A separate control channel also causes other serious problems. For example, those ProSe UEs are not assumed to support/require simultaneous transmission capability. Some ProSe UEs may only have the capability to support single channel transmission. Furthermore, additional power control for simultaneous transmission on two or more channels needs to be considered. 
In addition, for PUCCH-like separate control channel, the capacity is limited. The total bits of the control information may exceed the capacity. If so, some enhanced mechanisms, such as new format or extended capacity or compressed control information should be introduced. It will make the specification more complicated.  
From the single carrier property perspective, we prefer to multiplex control signaling with data.

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

Proposal 2: Control information for D2D is multiplexed with data similarly to the transmission of the UCI with the PUSCH.

Note that this affects only the control information directly transmitted from UE to UE. As explained in [3], the resource allocation is obtained from the eNB, thus is not affected by Proposal 2.

4 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: Control signaling for D2D communication includes at least: a temporary Tx UE ID, NDI, RV and optionally MCS. Other items are FFS.

Proposal 2: Control information for D2D is multiplexed with data similarly to the transmission of the UCI with the PUSCH.
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