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1 Introduction

The NR-U WID [2] has the following objective:
-
Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
In this contribution we provide our views on wideband operation in NR-U.

2 Discussion
Two wideband operation methods were discussed during the SI [1], a first where a wideband is segmented into multiple serving cells, each mapped to an LBT subband of 20 MHz, and a second where a serving cell can be configured with bandwidth larger than 20 MHz. The former makes it easy to reuse NR-based tools without much further standardization effort, however drawbacks due to performance degradation due to guard bands were discussed. For the latter, channel access in 20MHz slices causes some complications. Several options for BWP-based operation within a carrier larger than 20MHz were discussed during the SI [1]:

For DL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.

-
Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on one or more BWPs

-
Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PDSCH on single BWP

-
Option 2: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on a single BWP if CCA is successful at gNB for the whole BWP

-
Option 3: Multiple BWPs can be configured, single BWP activated, gNB transmits PDSCH on parts or whole of single BWP where CCA is successful at gNB

For UL operation, the following options for BWP-based operation within a carrier with bandwidth larger than 20 MHz can be considered.
-
Option 1a: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on one or more BWPs

-
Option 1b: Multiple BWPs configured, multiple BWPs activated, transmission of PUSCH on single BWP

-
Option 2: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on a single BWP if CCA is successful at UE for the whole BWP

-
Option 3: Multiple BWPs can be configured, single BWP activated, UE transmits PUSCH on parts or whole of single BWP where CCA is successful at UE

The instantaneous channel load is not predictable, therefore an option that enables operation anywhere in the wideband at any time is preferable. For example, with Option 1, a UE can monitor the PDCCH of each BWP and if scheduled in a BWP can continue operating there. Furthermore, for higher system performance, the UE could be scheduled in multiple BWPs (Option 1a). This improves system performance in non-full buffer scenarios given that buffers will empty out faster and as such over-all interference is reduced, thus freeing more channel resources. Furthermore, transmission on multiple active BWPs enables TB construction to be independent of the acquired BW. On the other hand, standardizing multiple active BWPs may be onerous, especially within the scope of NR-U.
Option 2 may be the approach that requires the least amount of standardization effort; however, it does not enable efficient use of the unlicensed spectrum. On the one hand, for efficient transmission of data (and efficient emptying of a buffer), larger BWPs are beneficial to the system. This reduces the need to continuously acquire the channel and is thus better at managing channel load. However, larger BWPs are less likely to be acquired and this would in fact lead to greater channel access latency and thus reduce system throughput. Smaller BWPs have higher probability of channel acquisition; however, they are inefficient given that in Option 2 they are always located in the same LBT subbands, and the TB are smaller which means UE buffers take longer to empty.
One way to improve the performance of this method is to enable a UE to be configured with multiple BWPs and to cycle through the BWPs in order to enable channel access diversity. Until a BWP is deemed to be in use, the UE would continue cycling through its configured BWPs. For example, a UE can be configured with BWPs and each BWP can have monitoring periodicity and offset. The UE would monitor a first BWP and if it does not detect a transmission could switch to a second BWP and so on. Similarly, the UE could increase the size of its active BWP at every cycle, thus increasing the channel access probability. Even though there is a penalty incurred due to BWP switching time, given that the maximum BWP switching time (2ms) is much less than the maximum COT (10ms), such switching would enable the network to make better use of the total spectrum for its UEs. The UE could only be scheduled in a BWP if the network has acquired all the LBT subbands of the BWP.

Proposal 1:
The UE can be configured to cycle through configured BWPs to determine the BWP where the unlicensed channel is acquired.
Option 3 seems like a good compromise between Option 1 and 2. It doesn’t require multiple active BWPs, but maintains channel access flexibility. Option 3 ensures that the largest possible BW is used at any given moment, thus maximizing the throughput while also maximizing the channel access probability. One drawback of Option 3 is for cases where the acquired LBT subbands are disjoint and thus the BWP becomes disjoint. This would not be an issue when using multiple active BWPs.

In Option 3, the UE may not need to know the portion of the BWP that was acquired by the network, all it needs to know is where it is scheduled. However, to increase channel access probability, the UE would need to monitor PDCCH in more than one LBT subbands, possibly all LBT subbands. This would greatly affect the battery consumption, and might even be impossible depending on UE capabilities. For example, in R15 NR, the UE is only expected to monitor up to four CORESETs and a maximum of 44 PDCCH candidates in a slot. Reducing the number of LBT subbands where the UE monitors PDCCH also reduces the channel access flexibility and thus reduces the possible gains of Option 3.
To alleviate this issue, the UE could attempt to decode a preamble or pre-signal that would indicate the frequency location and COT structure of the acquired channel. The indication could be achieved by the pre-signal pointing to a specific PDCCH where the UE can receive the detailed information. The UE could monitor such a signal with low power and only fully activate PDCCH monitoring in relevant LBT subbands of the BWP, after receiving the signal.

Proposal 2:
In NR-U a pre-signal can be transmitted to indicate the frequency location and 
COT structure of the acquired channel.
UL Operation
For UL operation, there are two cases to discuss. For the first case, in a gNB acquired COT, the UE may use UL BWP matched to the DL BWP. In the second case, for UE acquired COT, similar issues arise as those for DL operation.
Similar to DL operation, for a UE acquired COT, the UE could cycle through LBT subbands (and possibly BWPs) until it acquires a set of clear LBT subbands. Given that the cycling pattern should be network controlled, the risk of UL LBT subband ambiguity between the UE and network should be low. For cross-COT UL grants, the grant should therefore be applicable to one of many sets of LBT subbands (and possibly BWPs) to allow the UE to increase its channel acquisition probability.

Proposal 3:
In NR-U, UEs can be granted UL resources for a TB applicable to multiple sets of LBT subbands.
To enable full UL BWP channel acquisition flexibility, the UE could be configured with a virtual BWP. Upon successful LBT acquiring physical resources, the UE could map the virtual BWP to the physical resources. The channel access method (e.g. cycling through sets of LBT subbands) can be controlled by the network to ensure there is no ambiguity.
3 Conclusion
This contribution discusses wideband operation in unlicensed channel. We provide the following proposals:
Proposal 1:
The UE can be configured to cycle through configured BWPs to determine the BWP where the unlicensed channel is acquired.
Proposal 2:
In NR-U a pre-signal can be transmitted to indicate the frequency location and 
COT structure of the acquired channel.
Proposal 3:
In NR-U, UEs can be granted UL resources for a TB applicable to multiple sets of LBT subbands.
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