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Compared to LTE, NR supports wideband operation. In 3GPP RAN1#88 meeting, it has been agreed that the maximum channel bandwidth per NR carrier is 100MHz for <6GHz and 400 MHz for 6~52.6GHz, and the maximum number of NR carriers for CA and DC is 16 in phase 1. In 5GHz unlicensed band, one or multiple of 20MHz channels can be aggregated for transmission. Since NR supports wider bandwidth, and extremely wide bandwidths are available in unlicensed spectrum in higher frequencies, NR-U operation may have significant advantage in supporting the large bandwidths. NR-U operation wider than 20MHz would require performing LBT in each of the 20MHz channels. There are various alternatives in performing LBT across multiple 20MHz channels, and whether the multiple channels are contiguous or not affects the ways LBT can be performed. 
3GPP RAN1#92Bis Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) 
in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.

Independent of the LBT framework (i) whether a smaller granularity LBT like over 20 MHz carried out multiple times to achieve a large BW LBT or (ii) a single wideband LBT carried out first and upon failure, smaller granularity LBTs conducted showing some available subbands, the base station ends up with a situation where some of the sub-bands are found to be available for transmission and some others which are found to be occupied by other devices and hence unusable for transmission. This situation is depicted in Figure 1. In this figure, a wideband carrier of 80 MHz has been configured for the users, comprising four subbands of 20 MHz. Figure (a) shows two higher subbands to be available and two lower subbands not available. Figure (b) shows a different setting of the availability of subbands with alternate subbands available for transmission. Figure (c) shows the case where only one subband (2nd from the bottom) is not available in the wideband carrier.
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[bookmark: _Ref524453622]Figure 1:  Asymmetric LBT results over subbands of a wideband carrier

The main issue is that when LBT succeeds on a fraction of the wideband carrier frequency, say a subset of sub-bands are found to be available for transmission and another complementary subset of subbands is found to be busy, how to best use the available subbands of the wideband carrier. 

[bookmark: _Ref129681832]Wideband Operation in Unlicensed Bands
Wideband Operation with partial availability of subbands
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK27]It was highlighted in the last section that when wideband operation is carried out in unlicensed band, the uncertain availability of the unlicensed medium results in some special issues which were not existing for non-wideband operation. The root cause of the problem is that some devices may be operating in frequency bands of different sizes and hence if one or more of such devices occupy a subset of subbands comprising the wideband carrier for a device/network in question, it is not clear how this network can effectively operate with only a subset of subbands available from its wideband carrier.

The simplest solution to avoid such issues would be to not use the unlicensed wideband carrier if it’s not available as a whole in a specific transmission interval. In other words, independent of how the LBT is carried out for wideband carrier i.e., a base station may do a single LBT for the wide bandwidth or it may conduct multiple LBTs on subbands of the wideband carrier, the base station / network may decide as a rule that the carrier would be considered available for transmission only in those intervals when the whole of it is estimated to be available after LBT(s). If the carrier is found to be occupied partially or fully, the base station in question will keep looking for future opportunities when the wideband carrier is found to be completely available and will use the carrier in these cases. This certainly simplifies the network operation for the wideband carriers.

Unfortunately, this simple solution has very high cost and it will lead to very poor spectral and utilization efficiencies over the unlicensed carrier. For this reason, we propose to use the wideband carrier even for the occasions when all of its subbands may not be available for transmission. The utilization is relatively simple in the case when the available group of subbands are contiguous, as shown in Figure 1 (a) whereas it may become more intricate for the case when the group of available subbands are not contiguous to each other, as shown in Figure 1 (b) and Figure 1 (c).

Proposal 1: The base station uses the unlicensed wideband carrier even when only a subset of its subbands are found to be available in a certain occasion and they may happen to be contiguous or non-contiguous.

Indicating Used subbands with Preamble
One method to indicate the used sub-bands can be by preamble transmission. One possibility can be to transmit the preamble for each subband which is found to be available as a result of LBT and is used among the subbands of the wideband carrier. Another possibility could be to transmit a single preamble from a set of preambles where the choice of preamble may convey the set of subbands which are used in the current COT.
The transmission of preamble is interesting from another aspect. It can facilitate the devices about detecting the start of the COT. On the negative side, it comes at some cost in terms of the resource and energy. It may also have some serious impact in terms of standardization efforts.

Indicating Used subbands with BWP Change
NR standardized the concept of bandwidth part (BWP) in Rel-15. BWP is a UE specific concept where different users may be configured for different portions of the bandwidth and the CORESETs therein. There is nevertheless a restriction that a single BWP can be active at a certain point in time.
BWP concept allows handling the issue of partial subband availability for wideband NR-U carrier. The gNB can configure multiple BWPs for each UE, where these BWPs are configured so as to avail the wideband carrier in a number of combinations of partial subbands being available. These UEs can initially be configured for the default bandwidth part which is wide and may potentially encompass the whole wideband carrier. 
When the gNB has its LBT passing on a subset of subbands of the wideband carrier, it can switch the BWPs for the UEs so that it corresponds to the available subbands.
This solution looks interesting in the sense that the whole BWP concept and the techniques to change the BWP have already been standardized so the specification impact may be minimal to non-existent if wideband carrier operation is handled through BWP change. This solution, though, happens to have two serious drawbacks. One aspect is related to the fact that the BWP is a UE specific concept which means that the BWP change has to be conveyed in a user specific manner and hence will involve large signalling overhead. The other issue with the BWP scheme is the latency to switch the BWP for the users which also stems from the requirement of UE specific signalling. This may have a serious impact as currently maximum COT duration is 10 m-seconds and if a significant portion of this duration gets consumed in making the BWP update for the users, the system efficiency will be very poor.

With the above discussion, we would encourage the companies to see if there are some common signalling-based indications which might help the UEs to switch their BWPs.

Proposal 2: It is proposed to explore the feasibility of some common signalling which allows efficient change of BWP for the users.

Indicating Used subbands with Common Signalling
There are many companies which are proposing the transmission of some common DCI in the beginning of the COT for effective unlicensed operation. This DCI may carry one or more of the following:
· COT structure indication
· TDD UL/DL split 
· Network or gNB ID transmission to help the frequency reuse
· Channel usage indication to enable some receiver assisted LBT mechanisms
It may be interesting to investigate if the indication of available subbands within a wideband carrier can be helpful for the wideband operation in the cases with partial band availability. It would also require the details how to transmit this information in the common signalling, how the UEs will be able to decode this signalling and how do they react after successful decoding of this common signalling.

Proposal 3: It is proposed to investigate the feasibility and frame work to indicate available subband information in the common signalling.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The followings proposals have been made in this document.

Proposal 1: The base station uses the unlicensed wideband carrier even when only a subset of its subbands are found to be available in a certain occasion and they may happen to be contiguous or non-contiguous.
Proposal 2: It is proposed to explore the feasibility of some common signalling which allows efficient change of BWP for the users.
Proposal 3: It is proposed to investigate the feasibility and frame work to indicate available subband information in the common signalling.
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