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1	Introduction 
NR-U WI [1] aims at specifying how the NR technology can be used on the unlicensed spectrum thus offering operators more resources in frequency bands, such as 5GHz and 6GHz. Unlike licensed bands, co-existence with other technologies and systems must be ensured in unlicensed spectrum, for which a common procedure known as listen-before-talk (LBT) is used and which is performed individually for every LBT sub-band of 20MHz whenever a transmission takes place. To optimise NR-U performance over larger channel bandwidths, a new feature called wide-band operation was devised, which enables larger channel bandwidths (e.g. 40..80MHz) and at the same time allows for performing the LBT procedure in 20MHz sub-bands. At the same time, a UE supporting NR-U still may need to support carrier-aggregation because wide-band operation could be optional and/or the network may decide to use a combination of carrier-aggregation and wide-band operation for larger channel bandwidths. As an example, 80MHz channel can be configured as 40+40MHz CA, whereupon wide-band operation will be naturally used within each of the 40MHz channels. 
During the previous RAN WG4 meetings, some of open questions for both wide-band operation and carrier aggregation for NR-U were discussed, but they never were tackled together. Thus, in this discussion paper we raise several new issues that concern both wide-band operation and carrier-aggregation. 
2	Wide-band and carrier-aggregation  
As mentioned in the Introduction part, wide-band operation allows for configuring a larger channel bandwidth that spans over several 20MHz LBT sub-bands. The premise idea is that if the LBT procedure fails in one of the sub-bands, the data still can be scheduled in other sub-bands. Otherwise, the range of contiguous spectrum can be used for data including guard bands. Referring to Figure 1 below, if both LBT sub-band#1 and #2 succeed, then data can be scheduled over both sub-bands including intra-carrier guard band between them.
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Figure 1: Exemplary wide-band operation for 60MHz channel. 
Nevertheless, it should be noted that wide-band operation requires additional functionality from the UE and thus we do not anticipate that it will be the mandatory feature. As the logical outcome, the maximum channel bandwidth supported by the UE in this case would be 20MHz because larger channel bandwidth would require wide-band feature.
[bookmark: _Toc40291854][bookmark: _Toc40355893][bookmark: _Toc40444409]Proposal 1a:	Wide-band operation is an optional feature for the UE. 
[bookmark: _Toc40355894][bookmark: _Toc40444410]Proposal 1b:	Without wide-band operation, the maximum channel bandwidth supported by a UE is 20MHz.


If a UE does not support wide-band operation for NR-U, then the most obvious solution to utilise more spectrum would be carrier-aggregation, i.e. aggregation of two or more 20MHz carriers. As discussed earlier in RAN WG4, aggregating two 20MHz carriers can be accomplished with the bandwidth class B, but aggregation of 3..5 carrier requires new bandwidth classes.  As elaborated in [2], three new bandwidth classes should be added, details of which are also presented in the table below. 
Table 1: Summary of new bandwidth classes for NR-U.
	Bandwidth class
	Minimum aggregated bandwidth (MHz)
	Maximum aggregated bandwidth (MHz)
	Number of CC

	M
	50
	180
	3

	N
	80
	240
	4

	O
	100
	300
	5



[bookmark: _Toc40291855][bookmark: _Toc40355895][bookmark: _Toc40444411]Proposal 2:	New bandwidth classes should be added to enable aggregation of 3-5 20MHz carriers.

It is also worth noting that even though carrier-aggregation and new NR-U bandwidth classes can be construed as an alternative to the wide-band operation, we do see them as complementary features. As an example, the network may decide to configure a UE with 40+40+40MHz combination which will require both wide-band operation and new bandwidth classes. However, if wide-band operation is not supported by the UE, the maximum aggregated bandwidth will be limited by the number of 20MHz component carriers that a UE can support.   
[bookmark: _Toc40355896][bookmark: _Toc40281077][bookmark: _Toc40444412]Proposal 3:	For all bandwidth classes supported by the NR-U UE, the maximum aggregated bandwidth depends on whether a UE supports wide-band operation or not.   

3	Conclusions
[bookmark: _GoBack]In this discussion paper we have presented our further considerations for NR-U raising some of the open issues for possible scenarios with wide-band operation and carrier aggregation. As a summary of our paper we propose:
Proposal 1a:	Wide-band operation is an optional feature for the UE.
Proposal 1b:	Without wide-band operation, the maximum channel bandwidth supported by a UE is 20MHz.
Proposal 2:	New bandwidth classes should be added to enable aggregation of 3-5 20MHz carriers.
Proposal 3:	For all bandwidth classes supported by the NR-U UE, the maximum aggregated bandwidth depends on whether a UE supports wide-band operation or not.
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