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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



This contribution addresses the questions in the LS and proposes a response.
2. DL operation
This section will focus on the questions related to down-link operation. 
Question 1:	Is there any difference in DL reception among DL Cases 1, 2a, 2b, 2, and 3 with respect to AGC when at least one of the sub-bands of a [BW or carrier] is not part of gNB’s acquired channel occupancy and contains interference from devices other than the UE’s serving gNB e.g. near-by WiFi AP? Does RAN4 think AGC issues may prevent UE to meet RAN4 requirements for Mode 2 and Mode 3? 
The question, in our opinion, relates to the chosen implementation approach. 
When the different LBT sub-bands are implemented using separate RF there is no difference to normal Rel-15 NR intra-band CA behaviour and therefore there should not be any AGC issues. If the NR-U band (e.g. n46) is implemented using single RF then sufficient dynamic range of the AGC is needed but this is no different for DL case 1, 2a and 2b compared to NR operating intra-band CA. When intra-cell guard bands are scheduled as in DL case 3 and single RF implementation there should be no difference for the AGC behaviour as compared to DL case 2a or 2b. When several LBT sub-bands are considered a single wideband carrier as in DL case 4 there are no AGC issues because there is no external interference within RF BW. In our opinion, nothing is, therefore, preventing the UE to meet the RAN4 specification for mode 2 or 3 as it is a matter of implementation choice, as e.g. selection of ADC dynamic range.     
Question 2a:	Is there a difference in UE capability between any of DL Cases 2a/2b and DL Case 3?
Difference between a UE supporting DL case 2a/2b and DL case 3 is the capability of receiving in the intra-cell guardband(s). This capability is discussed further in section 4.
Question 2b:	Is there a difference in UE capability between any of DL Cases 2a/2b/3 and DL Case 4?
[bookmark: _Hlk47445011]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. As the mandatory support of an NR band is 100MHz 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. Further, 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’. That implies that If DL case 4 is supported then DL case 1, 2a, 2b and 3 should also be supported if the UE is capable of coping with potential interference on failed LBT sub-bands, e.g. by implementing ADC with sufficient dynamic  range.  
Question 2c:	Is there a difference in UE capability between any of DL Cases 2a/2b/3/4 and DL Case 1?
As mentioned in relation to question 1 only DL case 3 and 4 is different from DL case 1, 2a and 2b as they rely on the capability of the UE being able to receive in the intra-cell guardbands.  
Question 3:	From RAN4 point of view, does “all LBT sub-bands” for Mode 1 refer to LBT sub-bands of configured carrier or BWP?
Per RAN1 design the configured carrier could be e.g. 80MHz but the BWP could be chosen as a subset e.g. 40 MHz. This means that some ambiguity could be related to the statement “all LBT sub-bands”. However, as current NR considers requirements related to the carrier and not the BWP, we are of the understanding that it shall be all LBT sub-bands per configured carrier. 
3. UL operation
This section will focus on the questions related to up-link operation. 
Question 4:	Is change of transmit filtering required (as shown in Figure 1 for WB Mode 2B) to meet RAN4 requirements for any of UL Cases 1-3?



[bookmark: _Ref41495878]Figure 1: An example for Mode 2B 
To our understanding, this was discussed before, and no need was found to change filter settings on the condition that transmission is contiguous meaning UL case 1, 2 and 3. 
UL case 1 is single 20MHz LBT sub-band so that should be no different than eLAA operation. For UL case 2 there should be no difference to UL intra-band CA when the intra-cell guardbands are not scheduled. Scheduling intra-cell guardbands in UL is a UE capability as further discussed in section 4. For UL case 3 as there is no adaptation to CCA outcome by default there is no filter adaptation.  
Question 5:	Is there any difference if intra-cell GBs between scheduled contiguous sub-bands are scheduled or not?
There is to our understanding no difference in filter adaptation need dependent on scheduled intra-cell guardband(s) or not. For UL case 2 and 3 this is dependent on the UE capability of transmitting in the intra-cell guardband(s). 
It should be noted that from a RAN4 point of view non-scheduled intra-cell guardband(s) does not make two adjacent LBT sub-bands non-contiguous. This is something which might need to be brought to the attention of RAN1 as the current RAN1 Rel-16 design does not allow non-scheduled/transmitted intra-cell guardband(s), as they understood this to be non-contiguous and therefore precluded by RAN4.
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4. Corresponding UE capabilities
In the LS from RAN1 RAN4 is requested to define UE capabilities on the following condition:
… if the answer to any of Questions 2a/2b/2c/4/5 is yes and capabilities for any of the cases are deemed needed, RAN1 would like to request RAN4 to define the corresponding UE capabilities.



When looking at our comments to question 1 it can be argued that the baseline DL operation should be considered as being DL case 4 as this is equivalent to normal NR operation. Further, DL case 1 and 2 are in principle similar operational modes and should be considered supported when intra-cell CA is supported. This leaves DL case 3 needing additional UE capability for reception in intra-cell guardband(s) which is the reason this has been proposed/supported from our side as 4-2 in the table below [6]. 
When looking at our comments to question 4 it is seen that also for UL transmission in intra-cell guardband(s) is considered an additional UE capability why this has been proposed/supported from our side as 4-1 in the table below [6]. 
	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. NR-based access to unlicensed spectrum

	[4-1]
	Transmission in intra-carrier guardband
	Capability of transmission in the intra-band carrier guardband if the UE is scheduled a contiguous allocation that is wider than a 20MHz subband. 
	None
	yes
	no
	UE cannot transmit in the guardband, it could only transmit in the subbands
	per UE
	No
	No
	
	
	Optional

	
	[4-2]
	Reception in intra-carrier guardband
	Capability of reception in the intra-band carrier guardband if the UE is scheduled a contiguous allocation that is wider than a 20MHz subband. 
	None
	yes
	no
	UE cannot receive in the guardband, it could only receive in the subbands
	per UE
	No
	No
	
	
	Optional



NR-U wideband operation feature 
From the prior discussions, 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). 

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. 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 why it also should be considered baseline. Further, UL-2 even if it requires multiple CCAs be supported by default. As argued previously DL-2 and UL-3 is no different than intra-band CA why these should be supported when intra-band CA is supported by the UE. For DL-3 and UL-4 and additional capability is needed for the UE to indicated in it can receive and/or transmit in the intra-cell guard bands. Following this, no further capabilities are needed to be defined.  
5. Draft LS
The following is a TP for a LS response to RAN1. 
**************************************** 	Start of TP 	****************************************
[bookmark: _Hlk20312604]Title:	LS on UE capability for NR-U wideband carrier operation
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Response to:	LS R1-2004965 on UE capability on wideband carrier operation for NR-U from RAN1
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Release:	Rel-16
Work Item:	NR-based access to unlicensed spectrum (# 820167 - NR_unlic-Core)

Source:	RAN WG4
To:	RAN WG1
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Cc:	RAN WG2

Contact person:	Johannes Hejselbaek
	Johannes.hejselbaek@nokia.com 
	
Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None.
1	Overall description
RAN4 have based on the received LS [R1-2004965] on UE capability on wideband carrier operation for NR-U from RAN1 been discussing answers to the questions included in the LS as well as the needed UE capabilities to be defined. 
Question 1:	Is there any difference in DL reception among DL Cases 1, 2a, 2b, 2, and 3 with respect to AGC when at least one of the sub-bands of a [BW or carrier] is not part of gNB’s acquired channel occupancy and contains interference from devices other than the UE’s serving gNB e.g. near-by WiFi AP? Does RAN4 think AGC issues may prevent UE to meet RAN4 requirements for Mode 2 and Mode 3? 
The question is dependent on the chosen implementation approach. In principle, there is no difference in between DL case 1, 2a, 2b and 3 in regards to AGC levels. Sufficient dynamic range of the AGC is needed but this is no different as compared to Rel-15 NR and for that case LAA intra-band CA for DL case 1, 2a and 2b.
Question 2a:	Is there a difference in UE capability between any of DL Cases 2a/2b and DL Case 3?
Difference between a UE supporting DL case 2a/2b and DL case 3 is the capability of receiving in the intra-cell guardband(s). This capability is discussed further within RAN4.
Question 2b:	Is there a difference in UE capability between any of DL Cases 2a/2b/3 and DL Case 4?
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. As the mandatory support of an NR band is 100MHz 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. Further, 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’. That implies that If DL case 4 is supported then DL case 1, 2a, 2b and 3 should also be supported if the UE is capable of coping with potential interference on failed LBT sub-bands.  
Question 2c:	Is there a difference in UE capability between any of DL Cases 2a/2b/3/4 and DL Case 1?
As mentioned in relation to question 1 only DL case 3 and 4 is different from DL case 1, 2a and 2b as they rely on the capability of the UE being able to receive in the intra-cell guardbands.  
Question 3:	From RAN4 point of view, does “all LBT sub-bands” for Mode 1 refer to LBT sub-bands of configured carrier or BWP?
It is RAN4 understanding that per RAN1 design the configured carrier could be e.g. 80MHz but the BWP could be chosen as a subset e.g. 40 MHz. This means that some ambiguity could be related to the statement “all LBT sub-bands”. However, as current NR considers requirements related to the carrier and not the BWP, RAN4 are of the understanding that it shall be all LBT sub-bands per configured carrier. 
Question 4:	Is change of transmit filtering required (as shown in Figure 1 for WB Mode 2B) to meet RAN4 requirements for any of UL Cases 1-3?
There should be no need for filter adaptation for UL case 1, 2 and 3.
Question 5:	Is there any difference if intra-cell GBs between scheduled contiguous sub-bands are scheduled or not?
There is no difference in filter adaptation dependent on scheduled intra-cell guardband(s) or not. For UL case 2 and 3 this is dependent on the UE capability of transmitting in the intra-cell guardband(s). This capability is discussed further within RAN4.
It should be noted that from a RAN4 point of view non-scheduled intra-cell guardband(s) does not make two adjacent LBT sub-bands non-contiguous. 
2	Actions
To RAN WG1 
ACTION: 	RAN WG4 respectfully asks RAN WG1 to take responses to questions provided from RAN WG1 in to account in further discussions. 
3	Dates of next TSG RAN WG 4 meetings
[bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG-RAN WG4 Meeting #97 	26th October 2020 – 13th November 2020	e-Meeting
TSG-RAN WG4 Meeting #98 	3rd January 2021 – 5th January 2021 	e-Meeting

**************************************** 	End of TP 	****************************************
6. 
7. Conclusion
This contribution treats the RAN1 LS with questions regarding intra-band CA and wideband operation modes and presents a draft LS reply.  
Proposal 1: 	Define additional UE capabilities for NR-based access to unlicensed spectrum as given in section 4.
Proposal 2: 	Respond to the RAN1 LS on UE capability on wideband carrier operation for NR-U as given in the draft LS provided in section 5.
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