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1. Introduction

In RAN#71 meeting [1], study item on new radio (NR) access technology was approved. In RAN#73 meeting [2], it was agreed that detailed design decisions related to NR unlicensed design are postponed until after March 2017 but working groups must ensure forward compatibility to support NR operation in unlicensed spectrum. Therefore, in this contribution, we discuss forward compatibility issues considering NR operation in unlicensed spectrum.
2. DL/UL configuration
In RAN1#86 meeting [2], we agreed three types of slot (i.e., DL only, UL only, and DL/UL mixed) as follows.
	Agreements:
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}

· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain


Utilizing unlicensed shared spectrum would require channel sensing even in NR unlicensed design. To minimize the overhead of channel sensing, it seems desirable to allow long transmission opportunity without affecting fairness. For example, in Rel-13 LAA and Rel-14 eLAA, if a transmitting node succeeds to channel access procedure and acquires the channel, its transmission duration is limited to MCOT (maximum channel occupancy time) which is much larger than subframe duration. Similar concept can be considered for NR operation in unlicensed spectrum. Therefore, it would be beneficial that consecutive DL only slots (or subframes/mini-slots) or consecutive UL only slots (or subframes/mini-slots) are supported in NR.
Additionally, in Rel-14 eLAA, eNB’s channel occupancy can be shared with its associated UEs to maximize UL transmission possibility. For example, within eNB’s channel occupancy, a UE can initiate UL transmission by performing only channel sensing without random backoff. When UL transmission is also scheduled by gNB in NR, we consider similar behavior can be supported in NR unlicensed design. To support this operation, DL/UL mixed slot can be necessary for sensing gap between consecutive DL only slots and consecutive UL only slots as shown in Fig. 1.
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Figure 1. Example of DL/UL configuration
3. UL data/control multiplexing
Fig. 2 shows an example of typical frame structure with UL data and UL control multiplexed in time domain. For the operation in unlicensed spectrum, it should be considered that channel access procedure needs to be performed before any transmission. For example, UE1 is scheduled with only UL data within a TTI and UE2 is scheduled with only UL control within the same TTI but UL data and UL control regions are separated with respect to time domain resource. If UE1 transmits UL data after the success of channel access procedure, UE2 may not transmit UL control if the channel is sensed to be busy due to UE1’s transmission. To figure it out, UE1 may be allowed to terminate UL data transmission earlier than the start of UL control region such that UE2 senses the channel during the gap between UL data and UL control regions.
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Figure 2. Example of UL data/control multiplexing
4. Symbol level alignment
	Working assumption:
· Alignment within a subframe

· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
· FFS: Unlicensed spectrum case


In RAN1#86 meeting, we made a working assumption related to symbol level alignment across different subcarrier spacings within a subframe duration but there is a FFS for the case of unlicensed spectrum. The FFS is added due to the fact that a node in unlicensed spectrum may be allowed to start transmission right after the success of channel access procedure and the starting position may not be aligned with symbol boundary. However, if this is allowed, a receiving node would need to reset synchronization in every data reception and a transmitting node may have to transmit preamble to guarantee reliable data reception. Therefore, it seems desirable to limit the candidates for transmission starting position (e.g., symbol/mini-slot/slot/subframe). In terms of transmission starting position, to align between transmitter and receiver, it would be necessary to determine symbol boundary based on known reference timing, which can be a subframe based on the reference numerology. In this sense, we do not see a major reason not to allow symbol level alignment in unlicensed spectrum.
Proposal: To ensure forward compatibility for NR considering channel access procedure in unlicensed spectrum, at least followings can be considered.

· DL/UL configurations such as consecutive DL only slots, consecutive UL only slots, and Consecutive DL only slots + DL/UL mixed slot + consecutive UL only slots
· Timing gap between UL data and UL control if UL data is TDMed with UL control

· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration also in a NR unlicensed carrier
5. Conclusion
In this contribution, we discussed forward compatibility issues considering NR operation in unlicensed spectrum and we suggested the following.
Proposal: To ensure forward compatibility for NR considering channel access procedure in unlicensed spectrum, at least followings can be considered.

· DL/UL configurations such as consecutive DL only slots, consecutive UL only slots, and Consecutive DL only slots + DL/UL mixed slot + consecutive UL only slots
· Timing gap between UL data and UL control if UL data is TDMed with UL control

· Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration also in a NR unlicensed carrier
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