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1. Introduction
During the RAN1#101 meeting, an LS [1] for RAN4 [2] was agreed. The LS included several questions regarding whether to add UE capabilities for Mode 1, Mode 2 and Mode 3 as specified in [3]. The different modes are further explained in [4] based on agreements in [5]. For reference, the mode definitions are included here below.
Mode 1: 	BS/UE transmits if CCA is successful at BS/UE in all LBT sub-bands within in the single wideband carrier.
No adaptation dependent on CCA as all LBT sub-bands within the wideband carrier (BWP) are active.
			Specific for UL: 
				Note that only a contiguous subset of the LBT sub-bands can be scheduled by the BS in UL. 
Mode 2: 	BS/UE transmits only in the block of contiguous LBT sub-bands if one or more of the LBT sub-bands within	the single wideband carrier fails CCA.
Adaptation to one LBT sub-block (contiguous subset of the LBT sub-bands) within the wideband carrier (BWP) either dependent on scheduling or CCA outcome.
			Specific for UL: 
Alt 1a:	UE does not transmit scheduled PUSCH unless all LBT sub-bands within a contiguous LBT	sub-block of scheduled PUSCH pass CCA and are symmetrical around the carrier frequency.
Alt 1b:	UE does not transmit scheduled PUSCH unless all LBT sub-bands within a contiguous LBT	sub-block of scheduled PUSCH pass CCA and are not symmetrical around the carrier frequency.
Alt 2a:	UE transmit scheduled PUSCH on all LBT sub-bands within the sub-block of scheduled PUSCH which passes CCA and are contiguous and symmetrical around the carrier frequency.
Alt 2b:	UE transmit scheduled PUSCH on all LBT sub-bands within the sub-block of scheduled PUSCH which passes CCA and are contiguous but not symmetrical around carrier frequency. 
Mode 3: 	BS/UE transmits in all of the successful LBT sub-bands, even if one or more of the LBT sub-bands within	the single wideband carrier or scheduled PUSCH fails CCA.
Adaptation to multiple active LBT sub-bands/blocks within the wideband carrier (BWP) either dependent on scheduling or CCA outcome.


In the LS from RAN1, they also define several operation cases for both DL and UL. These have also been included in the following for reference.
The following DL wideband operation cases are discussed.
· DL Case 1: Intra-band CA
· DL Case 2: Wideband carrier operation Modes 2/3 without scheduling intra-cell guard bands
· DL Case 2a: Mode 2 where single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous [1]
· DL Case 2b: Mode 3 where single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous [1] 
· DL Case 3: Wideband carrier operation Modes 2/3 with scheduling intra-cell guard bands between transmitted contiguous LBT sub-bands
· DL Case 4: Wideband carrier operation Mode 1 where single carrier wideband operation when LBT is successful in all LBT sub-bands [1]

The following UL wideband operation cases are discussed.
· UL Case 1: UL wideband operation Mode 2A (UL-WB Mode 2A) where UE transmits if LBT passes for single scheduled LBT sub-band
· UL Case 2: UL wideband operation Mode 2B (UL-WB Mode 2B) where UE transmits if LBT passes for scheduled multiple contiguous LBT sub-bands
· UL Case 3: UL wideband operation Mode 1 (UL-WB Mode 1) where UE transmits only if LBT passes for all LBT sub-bands of BWP



During the RAN4#96 meeting a LS response [6] was agreed responding to most of the questions in the RAN1 LS. However, the question 2b: Is there a difference in UE capability between any of DL Cases 2a/2b/3 and DL Case 4 was not concluded. This contribution addresses the remaining question in section 2.
Also, during the RAN4#96 meeting discussions related to the operational modes of wideband operation. This is discussed further in section 3 of this contribution.
2. Remaining question from RAN1 LS
This section will focus on the remaining question from the RAN1 LS [6] related to down-link operation. 
Question 2b:	Is there a difference in UE capability between any of DL Cases 2a/2b/3 and DL Case 4?
[bookmark: _Hlk52961745]In short, we are of the opinion that there is no difference in UE capability between DL Cases 2a/2b/3 and DL Case 4. 
For both DL case 2a/2b/3 and DL case 4 a UE might have to cope with potential interference in the LBT sub-bands which have failed CCA resulting in potential AGC issues as already informed to RAN1 via the LS response [6]. Also, in same LS is was stated that no in-channel selectivity requirements were intended introduced just like it was the case for LTE LAA for intra-band CA.  For intra-band CA (DL Case 1) the performance depends on whether UE implements different filter banks per carrier with separate AGC per carrier, this improving robustness to co-channel interference. Obviously, this resulting in increased cost and complexity and is not mandated by standard. Alternatively, UE may just have sufficiently large ADC dynamic range to deal with co-channel interference. The same approach can be used for DL Cases 2a/2b/3 and DL Case 4
The difference between DL case 2a/2b/3 and DL case 4 is that UE for DL case 4 needs to support the entire configured bandwidth as a single carrier. However, as the mandatory support of an NR band is 100 MHz and no bandwidth above 80 MHz is currently defined then all NR UEs should be able to operate in DL case 4 with no additional UE capability compared to licensed NR. 
The difference between DL case 2a/2b and DL case 3/4 are the scheduling of the intra-cell guardband (if non-zero). If UE implements filter banks and AGC per sub-band, UE may need to indicate such in-capability, because in this is case it not being able to receive in the GBs. Therefor RAN4 has already defined a capability, feature 4-1, meaning no additional capability is needed for DL case 2a/2b and DL case 3 and 4. 
The difference between DL case 3 and DL case 4 is that a UE operating in DL case 4 does not have to expect or cope with potential interference in the LBT sub-bands which have failed CCA as it is only considering ‘all-or-nothing’. However, since there, as mentioned in the LS to RAN1, are no in-channel selectivity requirements that implies that if DL case 4 is supported then DL case 2a, 2b and 3 should also be supported. In addition, as there for Rel-16 are no requirements defined to differentiate DL case 2a/2b/3 and DL case 4 the performance should be the same. Of course, gNB may assume that if all sub-bands are used for transmission, and such blocks potential interferes, the performance would be better, but that is the case of all 2a/2b/3 and DL case 4.
Proposal 1: 	Agree that there is no difference in UE capability between DL Cases 2a/2b/3 and DL Case 4.
3. Wideband operational modes
From the prior discussions within RAN4, it is seen that operational modes of wideband operation can be identified for both DL and UL as summarized below.
DL:
DL-1.		Mode 1 (DL case 4) - Single wideband carrier operation with no adaptation to LBT due to ‘all or nothing’
DL-2	Mode 2/3 (DL case 2a/b) – Utilize multiple LBT sub-bands without scheduling of the intra-cell guardband(s). 
DL-3	Mode 2/3 (DL case 3) – Utilize multiple LBT sub-bands with scheduling of the intra-cell guardband(s). 

UL:
UL-1		Mode 2 (UL case 1) - Scheduling one of the multiple LBT sub-bands
UL-2		Mode 1 (UL case 3) - Single wideband carrier operation with no adaptation to LBT due to ‘all or nothing’
UL-3	Mode 2 (UL case 2) - Scheduling multiple LBT sub-bands without scheduling of the intra-cell guardband(s). 
UL-4	Mode 2 (UL case 2) - Scheduling multiple LBT sub-bands with scheduling of the intra-cell guardband(s). 

For DL single wideband carrier operations (DL-1) should be considered baseline, as this is no different than normal NR as there is no adaptation to transmission/reception, constrains due to LBT. DL-2 is in principal similar to intra-band CA as there are clearly defined separation between LBT sub-bands by the intra-cell guardbands already defined. There is already existing capability signalling for intra-band CA why DL-2 should also be supported when this is indicated together with support for wideband operation. DL-3 is different to DL-2 only on the point that data is scheduled in RBs which forms the intra-cell guardband in the case of non-transmitted LBT sub-bands due to CCA. There is already defined additional capability for the UE to indicated if it can receive in the intra-cell guard bands. In conclusion it should be possible to indicate the support of the three DL operational modes with the existing capabilities.       

Proposal 2: 	No UE capabilities are needed for DL wideband operation.
For UL, single LBT sub-band operation (UL-1) can be considered no different than was also defined for eLAA and only requires single CCA performed by the UE. UL-2 only difference to UL-1 is that it requires multiple CCAs which should be supported by default and therefore UL-1 should be considered as baseline. Since there was agreement that no capability for scheduling of intra-cell guardbands was needed for UL, UL-3 does de facto not exist. . It is understood that even when it is agreed that there is no need for filter adaptation and only contiguous LBT sub-bands can be transmitted in UL, UL-4 might require a separate capability as the UE has to cope with the scheduled LBT sub-band which can not be transmitted due to CCA.  

It is our understanding that RAN1 is still debating the capabilities needed for NR-U. It is true that RAN1 asked RAN2 to reserve bits for NR-U (Features 10-19x) but RAN2 decided not to standardize reserved bits without agreed content, this being pointed out also by LS from RAN2. Therefore, we expect RAN1 to continue and finalize this discussion and potentially respond to our LS send after RAN4#96 [6] stating if further capabilities are introduced from their side.
 
Observation 1:	RAN2 did not reserve any bits for non-agreed UE capabilities based on the RAN1 request. 

The ongoing RAN1 discussion should however not preclude further discussion on UL capabilities in RAN4.

[bookmark: _Hlk52963697]Proposal 3:	Further discuss UE capabilities for UL wideband operation.
4. Conclusion
This contribution treats the remaining question from the RAN1 LS as well as the wideband operational modes.  
Proposal 1:		Agree that there is no difference in UE capability between DL Cases 2a/2b/3 and DL Case 4.
Proposal 2:		No UE capabilities are needed for DL wideband operation.
Observation 1:	RAN2 did not reserve any bits for non-agreed UE capabilities based on the RAN1 request. 
Proposal 3:		Further discus UE capabilities for UL wideband operation.
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