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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 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 chunk of 20MHz sub-bands. 
During the previous RAN WG4 meetings, some of the open questions for both wide-band operation were discussed concerning NR-U wideband capabilities. However, RAN WG4 did not reach the final conclusion which UE capabilities are needed for the NR-U operation. Thus, in this discussion paper we try to address those open issues. 

2	Wide-band capabilities  
2.1	Wide-band transmission modes
As mentioned in the Introduction part, wide-band operation allows for configuring a large 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. Furthermore, if LBT procedure passes for several contiguous sub-bands, then data can be also scheduled in intra-carrier guard bands. Figure 1 below presents different outcomes of the LBT procedure for the 60MHz channel. 
With regards to exemplary outcomes of the LBT procedure, the following wide-band transmission modes have been differentiated during RAN WG1 and WG4 discussions: 
-	Mode 1: This mode of operation allows for data transmission only when LBT is successful in all the LBT sub-bands (as shown in the first sub-figure on Figure 1). 
-	Mode 2: This mode of operation allows for data transmission in a sub-set of LBT sub-bands which is contiguous comprising one or more LBT sub-bands. This mode is further differentiated between 2A when there is only a single scheduled LBT sub-band as shown on the second and the third sub-figure on Figure 1 or 2B when there are several contiguous sub-bands.
-	Mode 3: This mode of operation allows for data transmission in a sub-set of LBT sub-bands which is non-contiguous (as shown on the last sub-figure on Figure 1). It should be also noted that it is applicable only to the DL direction.

Furthermore, as can be seen from Figure 1, if all or contiguous sub-bands pass LBT procedures, then data can be scheduled over the corresponding sub-bands including intra-carrier guard band between them resulting in better spectrum utilisation.
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Figure 2.1-1: Exemplary outcome of LBT for wide-band operation over 60MHz channel. 
In the LS from RAN WG1 [2], there are several questions with regards to whether there is any difference between transmission modes from the viewpoint of the UE capabilities. In general, wide-band operation requires additional functionality and it should not be assumed that all the transmission modes can be supported with the same level of complexity. 
2.2	DL wide-band capabilities
DL wide-band transmission mode 1 is very close, if not identical, to data transmission on the licensed band because it assumes that all sub-bands passes the LBT procedure. In other words, the UE implementation does not have to handle a case when one of the sub-bands is "tainted" by an unpredictable transmission coming from another gNB or even another system. From that perspective we can potentially construe DL wide-band transmission mode 1 as the baseline NR-U functionality, i.e. if the UE supports NR-U then it shall also support wide-band transmission mode 1. On the contrary to it, DL transmission modes 2 and 3 will require additional implementation and testing efforts. Referring to the question from RAN WG1 on AGC, it is important to emphasise that in mode 2 or 3 there can be in-channel interfering transmission any type and nature and coming from a different system. As the level of interferer will be unknown, making the AGC to adapt its gain fast enough to avoid clipping might be also problematic. At the same time, if a UE is capable of handling interfering transmission within the configured channel bandwidth, then it can in principle support both modes.
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Referring back to our proposals 1a and 1b, it is worth clarifying what happens to a UE, which supports only mode 1, if the LBT procedure succeeds in all the sub-bands, but gNB decides not to schedule data in one of the sub-bands. From the viewpoint of other nodes – other gNBs or even WIFI devices – the corresponding sub-band is perceived as a free channel and thus it can become occupied by any node. However, if a UE supports only mode 1, then it will not be able to handle properly this case and the resulting performance will depend a lot on various factors.
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2.3	UL wide-band capabilities
One of the open issues from the previous meeting was how to interpret "all-or-nothing" LBT outcome for the UL transmission in a situation when the actual data is scheduled only for a subset of the configured channel sub-bands. It is not entirely clear whether transmission mode 1 assumes that a UE has to perform LBT for all the sub-bands irrespective of where it is scheduled or only for those sub-bands where UL transmission is going to take place. 
-	In the first option a UE has to perform LBT in all the sub-bands even though it is scheduled only in sub-bands #1 and #2 (crossed lines indicate where data is scheduled). In other words, a UE will transmit data in sub-bands #1 and #2 only if all the sub-bands succeed, even though sub-band #0 does not have scheduled data for that UE. If LBT fails in sub-band #0, the UE will not perform UL transmission.
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Figure 2.3-1: A UE performs LBT for all sub-bands irrespective of where it has scheduled data.
-	The second option would be to perform LBT only in those sub-bans where data is scheduled for a UE. The figure below shows that LBT is performed only in sub-bands #1 and #2 (crossed lines indicate sub-bands where data is scheduled). A UE will transmit only if LBT passes in both #1 and #2 irrespective of what happens at sub-band #0 (should LBT fail in either #1 or #2, a UE will not perform UL transmission).
[image: ]
Figure 2.3-2: A UE performs LBT only for those sub-bands where it has scheduled data.
Comparing both options, it is easy to see that it is more efficient to run the system when a UE performs LBT only in those sub-bands where it has scheduled data. It is not efficient, and even counter-productive, to make UE transmission dependent on a sub-band where it does not have data. Considering 80MHz channel as another example, a UE may experience quite a high failure rate if it has UL data only in one sub-band but still has to perform LBT in all sub-bands. And this problem will exacerbate further for larger channel bandwidths, such as 100MHz.
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As for the UL wide-band mode 2, our view is that it would be preferable to have differentiation between 2A and 2B accounting for the UE LBT capabilities. Mode 2A can be viewed as the baseline NR-U capability, i.e. a UE supporting NR-U UL shall be able to support LBT at least for one sub-band. At the same time, mode 2B can be supported by those UEs who can perform LBT in all the sub-bands of the configured channel.
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2.4	Summary of DL and UL wide-band capabilities
As a summary of our considerations presented in section 2.2 and 2.3, we suggest having the following UE capabilities for NR-U operation: 
-	DL transmission mode 1 (mandatory without capability signalling if a UE supports NR-U);
-	DL transmission mode 2/3 (optional with capability signalling if a UE supports NR-U);
-	DL reception in intra-carrier guard-band for mode 2 and 3 (mandatory without capability signalling if a UE supports NR-U DL mode 2/3);
-	UL transmission mode 2A (mandatory without capability signalling if a UE supports NR-U UL);
-	UL transmission mode 2B (optional with capability signalling if a UE supports NR-U UL); 

	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	
	4-x1
	DL wideband carrier operation mode 1
	Support of DL wideband carrier operation mode 1: single carrier wideband operation when LBT is successful in all configured LBT sub-bands of the active BWP. 
	[10-19b] or [10-19c]
	yes
	no
	
	Per band
	no
	no
	
	
	Mandatory without capability signalling

	
	4-x2
	DL wideband carrier operation mode 2 and 3 
	Support of DL wideband carrier operation mode 2: single wideband carrier when LBT is successful in a subset of the configured LBT sub-bands, which are either contiguous or non-contiguous, of the active BWP.
	[10-19b] or [10-19c]
	yes
	no
	
	Per band
	no
	no
	
	
	Optional with capability signalling

	
	4-1
	DL reception in intra-carrier guardband
	Capability of reception in the intra-cell guardband between contiguous subbands (which passed LBT) in DL wideband carrier operation mode 2 or mode 3 wider than 20MHz 
	[10-19b] or [10-19c]
	yes
	no
	UE cannot receive in the guardband, it could only receive in the subbands
	per Band
	No
	No
	
	
	Optional with capability signalling
Mandatory without capability signalling

	
	4-y1
	UL wideband carrier operation mode 2A
	Support of UL wideband carrier operation mode 2A: UE transmits only if LBT passes for a single scheduled LBT sub-band.
	[10-19b] or [10-19c]
	yes
	no
	
	Per band
	no
	no
	
	
	Mandatory without capability signalling

	
	4-y2
	UL wideband carrier operation mode 2B
	Support of UL wideband carrier operation mode 2B: UE transmits only if LBT passes for all scheduled contiguous LBT sub-bands. 
	[10-19b] or [10-19c]
	yes
	no
	
	Per band
	no
	no
	
	
	Optional with capability signalling
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3	Conclusions
In this discussion paper we have presented our further considerations for NR-U wide-band capabilities. As a summary of our paper we propose:
Proposal 1a:	DL wide-band mode 1 can be construed as the baseline NR-U functionality.
Proposal 1b:	DL wide-band mode 2 and 3 must be differentiated from mode 1.
Proposal 1c:	Discuss further whether DL mode 2 and 3 should have separate capabilities or they can be covered by the same "mode 2/3" capability.
Proposal 1c:	DL wide-band mode 1 UE performance requirements apply only if sub-bands of the configured channel contain serving gNB transmission.
Proposal 2a:	A UE should perform LBT only for those sub-bands where data is scheduled.
Proposal 2b:	If Proposal 2a is agreeable, then UL wide-band mode 1 is not needed as the UE behaviour will always correspond to UL mode 2A/2B.
Proposal 2c:	It is preferable to have differentiation between 2A and 2B accounting for different UE LBT capabilities.
Proposal 3:	Add the corresponding NR-U capabilities into the RAN WG4 feature list and inform other WGs about it.
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