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1. Introduction

In the new SID on NR-based access to unlicensed spectrum (NR-U) [1], the following objectives are included:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI

· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz

· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 

· Consider similar forward compatibility principles made in the NR WI 

· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz , 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 

The design of NR supports flexible frame structure configuration. For the design of NR-U frame structure design, regulation rules and co-existence with other system should be considered. In this contribution, we will discuss the frame structure design of NR-U.
2. Discussions 
Base on the design of NR, flexible frame structure is supported with multiple numerology configuration. Semi-static frame structure configuration could be realized by cell-specific plus UE-specific manner. Dynamic frame structure configuration could be configured by SFI and DCI scheduling. Meanwhile, in order to ensure URLLC service transmission, 1-2 symbol length mini-slot is also supported. Comparing with LTE, NR frame structure design is more flexible and fit for variable services. In general, NR frame structure provide a solid baseline for the design of NR-U.
Observation 1: NR frame structure provides a good baseline for the design of NR-U.
According to the regulation rules, in unlicensed band, LBT is required before DL/UL transmission. The biggest challenge for the design of NR-U frame structure is the uncertainty of starting point caused by the introducing of LBT. In NR, the reference transmission point is slot boundary. With LBT, data transmission starting point will depend on the result of channel detection and lots of transmission could not start at the slot boundary. If we strict constraint that all data transmission follows the slot boundary, then it is possible to introduce reservation signal, which is quite similar with (e)LAA. Obviously, reservation signal will cause extra interference and decrease system efficiency. Therefore, it is a better choice to allow multi starting point for NR-U transmission.
Proposal 1: Multi starting point should be supported in NR-U.

For downlink transmission, extra PDCCH monitoring load will be introduced to support multi start point. According to the NR design, one TB is restricted to transmit within one slot which means crossing slot boundary transmission for one TB is not allowed. If we follow this design rules for NR-U, the available symbols for data transmission with late start point will be less than the data transmission with early start point. Meanwhile, if transmission opportunities cannot be achieved at the start symbols in one slot, it shows the system load is relative high. And the chance for later symbols to acquire channel occupation is also become smaller. Therefore, when cross slot boundary is not allowed within one TB transmission, more starting point should be set at the first 7 symbols than the later 7 symbols.
Proposal 2: For downlink, if one TB transmission is not allowed to cross slot boundary, more starting point should be set at the first 7 symbols within a slot.

For gNB, in order to support data transmission with multi starting point and one TB within slot boundary, extra complexity will also be raised. A simple effect is gNB will have to prepare several transmission schemes to fit different starting points. Besides, for some cases, like UE configured with slot aggregation, if the symbols number in the first slot is not enough, the availability of slot aggregation will be affected. Therefore, in order to decrease the implement complexity of gNB to support multi starting point, cross slot boundary transmission for one TB could be considered.
Proposal3: To support multi starting points, cross slot boundary transmission for one TB could be considered. 

Based on the frame structure design of NR, all symbols are configured with D/X/U. If NR-U follows the similar configuration method in NR, the same overwriting rules should also be followed. When multi starting points is supported, we should also fix an overwriting rule. In general, a downlink starting point could be considered valid if the starting point is occurred in downlink symbols. And a downlink starting point should be considered invalid if the starting point is in uplink symbols. There is still a possibility that a starting point is in X symbols. If lots of symbols in a frame configuration is configured as X, the value of starting points at X symbol is relative large. However, in some cases, like X symbol followed by uplink symbol, the value of starting points at X symbol is quite limited.
Proposal 4: Whether X symbols could be used as starting points needs to be FFS.
3. Conclusion
In summary, the following proposals are provided:
Observation 1: NR frame structure provides a good baseline for the design of NR-U.

Proposal 1: Multi starting point should be supported in NR-U.

Proposal 2: For downlink, if one TB transmission is not allowed to cross slot boundary, more starting point should be set at the first 7 symbols within a slot.

Proposal3: To support multi starting points, cross slot boundary transmission for one TB could be considered. 

Proposal 4: Whether X symbols could be used as starting points needs to be FFS.
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