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Introduction
The NR-U WI is in progress in RAN1 [1]. In the RAN1 #96BIS meeting, an agreement was reached on CG enhancements [2]:
Agreement:
Select from the following additional options for type 1 and type 2 configured grant time domain resource allocation mechanism in NR by RAN1#97
· Option 1: A bitmap to selectively enable or disable configured UL transmission opportunities as per NR Rel-15 configurations.
· FFS: A bit in the bitmap can correspond to a slot or sub-slot or group of slots
· FFS: duration of bitmap in time, e.g. 40ms
· Option 2: A mechanism based on multiple NR Rel-15 configurations
· FFS: Whether any further enhancement is needed to Rel-16 beyond what is being considered in the URLLC WI
· Option 3: Configuration in addition to the Rel-15 baseline of one or more of the following aspects:
· Multiple offsets within an active configuration
· Duration of transmission for an offset
· Option 4: A bitmap to configure UL transmission opportunies to replace current time domain resource configuration
· FFS: A bit in the bitmap can correspond to a slot or sub-slot or group of slots
· FFS: duration of bitmap in time, e.g. 40ms
· Note: This is importing LAA AUL functionality into NR

This contribution discusses open issues, some of which are as captured above and in [3].
NR-U CG

Resource Configuration

Regarding how to configure CG resource in time domain resources, there are two main alternatives identified: 1) Bitmap based approach as baseline with potential enhancement and 2) NR Rel-15 based time domain resource allocation approach as baseline with potential enhancement. It is noted that multiple CG configurations have been agreed or considered feasible for Rel-16 eURLLC/IIoT, but the details are still being worked out.
The design principle should be to provide at least the same level of CG transmission time flexibility as in FeLAA, in order to provide the maximum network flexibility in configuring CG, as well as to avoid disadvantaging NR-U CG UEs when coexisting with FeLAA. Whether this is achieved via a resource bitmap and/or or enhanced/multiple Rel-15 configurations is a second-level question.  

In a single Rel-15 Type 1 CG configuration, periodicities of 2, 7, n*14 symbols, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280} can be configured, for e.g., for 30 kHz SCS, with time-domain allocation of 16 possible SLIV values and a offset from SFN 0 with 5200 possible values. Based on our understanding of Option 1, adding a bitmap on top of such a configuration can only enable or disable instances within the existing set of addressable allocations.  Option 2 allows multiple CG configurations on a BWP of the same serving cell, but there may be cases where the different configurations point to overlapping resources and a resource conflict mechanism may be needed. Option 3 retains a single configuration but adds multiple offsets. Depending on the size and number of offsets, resource conflicts may again be possible. Therefore, further detailed design of the offsets is necessary. Also, the addressable set of Option 3 is smaller than that of Option 2, since in Option 3 the periodicity could for example be set to a large value, in which case the offsets will not be able to cover a large span of transmission points.
Finally, Option 4 proposes to use a bitmap-based approach for slot/non-slot-level CG resource allocation. This is expected to provide maximum flexibility for time-domain allocations. For example, the bitmap of X bits is configured by RRC, where X may be chosen to correspond to the DRS periodicity. Therefore, at least slot-level granularity would be available to allow/prohibit CG transmissions. Multiple starting symbol positions and ending symbol positions can be configured separately by higher layers. How to determine which slots in the bitmap support multiple starting or ending symbols can be addressed in a number of ways. For example, the multiple starting symbol positions may apply only to slots in the bitmap that are used to initiate an AUL COT, thus being dependent upon the LBT outcome. If the bitmap granularity is at the symbol level, in addition to the bitmap, SLIV indication is needed to indicate the TTI for CG HARQ processes.
Based on the above discussion of the four options, we propose the following.

Proposal 1: Further down-select between Option 2 and Option 4 for CG time-domain allocation.

Next, for frequency-domain resource configuration, it can be beneficial to support multiple frequency-domain configurations for a UE with CG. For example, one set of frequency-domain resources can be used for SUL transmissions and the other set for AUL transmissions by that UE. This allows the network to segregate SUL and AUL transmissions from multiple UEs, since the AUL transmissions may have a higher probability of collision when resource overbooking is performed. In another use case, by allocating multiple LBT sub-bands as CG resources for a given UE, the probability of UL LBT failure can be reduced.

Proposal 2: Support multiple frequency-domain resource configurations for a UE with CG.

Finally, it is beneficial to control CG transmissions with Cat-1 or Cat-2 LBT within a shared gNB-initiated COT, with a further provision of the gNB being able to disallow such CG transmissions if it wants to prioritize SUL transmissions, for example. It is proposed to use a cell-specific indicator such as the GC-PDCCH for this purpose.

Proposal 3: A cell-specific indicator (e.g., in GC-PDCCH) is used to indicate whether CG transmissions are allowed or disallowed within a shared gNB-initiated COT.

UCI

In terms of UCI content, apart from HARQ ID, NDI, RV, and COT sharing information, at least the following are proposed to be included:
· UE ID
· Information on upcoming CG PUSCH transmissions in subsequent slots

To reduce the impact on AUL UCI payload, the UE ID can be indicated implicitly, for example, by scrambling the CG PUSCH CRC with UE RNTI. Including UE ID serves as an additional confirmation in the event of intra-cell or inter-cell collisions on CG resources from multiple UEs. 
Also beneficial to include in the UCI, assuming it is transmitted once at the start of the CG burst, is information on upcoming CG PUSCH transmissions in subsequent slots either in the same COT or a later COT. For example, UCI can indicate which CG HARQ-IDs the UE has already allocated for UL data in its buffer but will not be transmitted in the current COT (due to MCOT limits). The gNB can use this information to avoid scheduling the same HARQ processes with a dynamic grant, thereby avoiding SUL-CG HARQ ID collisions.

Proposal 4: CG UCI content additionally includes the following:
· UE ID
· Information on upcoming CG PUSCH transmissions in subsequent slots, for e.g., CG HARQ-IDs the UE has already allocated for UL data in its buffer but will not be transmitted in the current COT.

Regarding the details of COT sharing information, it has already been agreed to indicate the duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE. In FeLAA, a single bit is used in the AUL UCI to indicate whether COT sharing is allowed or not. For NR-U, the duration that the gNB is allowed to transmit can be indicated in terms of the unused slots that will not be used by the UE in its initiated COT. Within a MCOT of 10 ms, the total number of slots ranges from 10 (15 kHz SCS) to 40 (60 kHz SCS). Therefore, 5 bits should be sufficient for this purpose for any numerology, since not all 40 slots are expected to be left idle in the case of a 60 kHz MCOT.

Proposal 5: The duration that the gNB is allowed to transmit in the CG channel occupancy initiated by the UE is indicated via UCI in terms of the number of unused slots that will not be used by the UE within the COT.

Summary
In this contribution we examined wideband operation for NR-U. The following proposals ensued.
Proposal 1: Further down-select between Option 2 and Option 4 for CG time-domain allocation.
Proposal 2: Support multiple frequency-domain resource configurations for a UE with CG.
Proposal 3: A cell-specific indicator (e.g., in GC-PDCCH) is used to indicate whether CG transmissions are allowed or disallowed within a shared gNB-initiated COT.
Proposal 4: CG UCI content additionally includes the following:
· UE ID
· Information on upcoming CG PUSCH transmissions in subsequent slots, for e.g., CG HARQ-IDs the UE has already allocated for UL data in its buffer but will not be transmitted in the current COT.
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