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At the end of RAN1#102, RAN4 sent a LS reply in [1] with the following responses
	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? 

· RAN4 response: Performance degradation is expected if the subband is occupied by interference from devices other than the UE’s serving gNB, e.g., near-by WiFi AP, for Case 2a/2b/3/4. RAN4 has not defined corresponding RF in-channel selectivity requirements nor RRM requirements for filter adaptation for Case 2a/2b/3/4 in Rel-16.


Question 2a: Is there a difference in UE capability between any of DL Cases 2a/2b and DL Case 3? 

· RAN4 response: Yes, as indicated by the UE feature 4-1 in R4-2011680. UE could support DL Case 3 only if 4-1 is supported when DL intra-band guard bands are configured.


Question 2b: Is there a difference in UE capability between any of DL Cases 2a/2b/3 and DL Case 4? 

· RAN4 response: RAN4 has not reached consensus yet.


Question 2c: Is there a difference in UE capability between any of DL Cases 2a/2b/3/4 and DL Case 1? 

· RAN4 response: Yes. DL Case 1 (CA) is an independent UE capability.


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? 

· RAN4 response: 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 for DL.  

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? 
	
· RAN4 response: No for all cases


Question 5: Is there any difference if intra-cell GBs between scheduled contiguous sub-bands are scheduled or not? 
	
· RAN4 response: There is no difference in RF requirement if intra-cell GBs between scheduled contiguous sub-bands are scheduled or not. RAN4 has removed the capability for UE transmission in UL intra-cell GBs. It can be assumed that there is no restriction in scheduling within the intra-cell GB between two scheduled adjacent RB-sets.


Finally, 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. 

· RAN4 response: RAN4 would like to further understand RAN1’s intention of the action in the LS: whether RAN1 is asking RAN4 to confirm the feature groups [10-19a], [10-19b], [10-19c], [10-19d], [10-19e], [10-19f] in RAN1 feature list R1-2004970 or RAN1 is asking RAN4 to define new UE capabilities in RAN4 feature list, if needed.




In this contribution we discuss RAN4 response and provide answers to RAN4 follow-up question.
Discussion on WB NR-U capabilities
On follow up RAN4 question
Along with some responses, RAN4 also asked one question from RAN1
	RAN4 response: RAN4 would like to further understand RAN1’s intention of the action in the LS: whether RAN1 is asking RAN4 to confirm the feature groups [10-19a], [10-19b], [10-19c], [10-19d], [10-19e], [10-19f] in RAN1 feature list R1-2004970 or RAN1 is asking RAN4 to define new UE capabilities in RAN4 feature list, if needed.



First of all, the original questions and tasks to RAN4 are clear

	Finally, 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.



As well as action with respect to RAN4 has been crystal clear.

	To RAN WG 4 group
ACTION: 	RAN WG1 respectfully asks RAN WG4 for a response to the above questions and requests RAN4 to define the corresponding UE capabilities if the answer to any of Questions 2a/2b/2c/4/5 is yes and capabilities for any of the cases are deemed needed.



On the other hand, it is true that RAN1 asked RAN2 to reserve bits, under pressure of finalizing the capabilities in May, but RAN2 decided not to standardize reserved bits without agreed content, this being pointed out also by LS from RAN2. Furthermore, features [10-19x] copy gNB LBT operating modes and do not reflect RF aspects. Therefore, RAN4 capabilities if needed shall in no matter be based on 10-19x.
Observation-1: RAN1 10-19x capabilities are not agreed, they reflect LBT modes and shall not be a base for RAN4 capabilities (if any). 
Discussion on DL capabilities 
The following DL wideband operation cases are discussed.
1. DL Case 1: Intra-band CA
1. DL Case 2: Wideband carrier operation Modes 2/3 without scheduling intra-cell guard bands
1. 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]
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] 
1. DL Case 3: Wideband carrier operation Modes 2/3 with scheduling intra-cell guard bands between transmitted contiguous LBT sub-bands
1. DL Case 4: Wideband carrier operation Mode 1 where single carrier wideband operation when LBT is successful in all LBT sub-bands [1]


As can be observed from the RAN4 response, AGC issue is there for all the WB modes, this resulting into potential performance degradation. Also RAN4 will not introduce requirements for that purpose. However, this is nothing different to LTE LAA, where requirements for intra-band CA were not introduced either. In case of intra-band CA, 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.

Observation-2: In intra-band CA, UE may or may not implement different filter banks per carrier with separate AGC per carrier or have sufficient large ADC dynamic range, but. implementation of those is not mandatory to UEs in LTE LAA.

Similarly to intra-band CA, for DL Case 2a/2b where intra-cell guard bands cannot be scheduled, the situation is exactly the same. UE may or may not implement different AGC per RB-set. For DL Case 4, performance degradation is unavoidable and depends on ADC convertor dynamic range. 
Observation-3: In DL Case 2a/2b where intra-cell guard bands cannot be scheduled, UE may or may not implement different filter banks per carrier with separate AGC per carrier, those are not mandatory.

On the other hand, intra-band CA requires separate capability in terms of processing power to receive parallel PDSCH on multiple carriers. This is not the case for DL Case 2a/2b, 3, and 4, and therefore from this point of view there is no need to define capability for DL Case 2a/2b, 3, and 4.
In any case, for scheduling the GB (if non-zero) RAN4 already has a capability, feature 4-1. If UE implements filter banks and AGC per RB-set, UE may need to indicate such in-capability, because in this is case it not being able to receive in the GBs. Hence, this is sufficient to address DL Case 1, and hence there is no technical reason to introduce any further capabilities related to base-band processing. 
Proposal-1: Conclude that from baseband processing point of view, no further capabilities are needed for DL WB modes Case 2a/2b, 3, and 4. RF aspects are up to RAN4.
Discussion on UL capabilities
The following UL wideband operation cases are discussed.
1. UL Case 1: UL wideband operation Mode 2A (UL-WB Mode 2A) where UE transmits if LBT passes for single scheduled LBT sub-band
1. 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
1. 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

In UL, RAN4 removed capability for scheduling intra-cell GBs. As consequence GBs can be always scheduled, this is clearly aligned with current RAN1 specification, i.e. no further specification change is needed.
Furthermore, there is no filter adaptation needed for UL to meet the RF requirements in any of the listed modes. On the other hand, for UL Case 2 and Case 3, UE has to perform LBT for more than one LBT sub-band. Therefore, we could consider introduction of capability for number of LBT sub-bands UE is capable to perform simultaneously. After that if UE can support number of LBT sub-bands matching whole BWP or carrier it may support also Case 3. Similarly to DL, UL Case 2 and UL Case 3 have no impact on implementation other than UE having choice of LBT type, WB LBT or per RB-set LBT(s).
Proposal-2: Consider introducing capability for UE to be scheduled on N contiguous sub-bands. 
· N=1 UE supports UL scheduling for 1 RB-set (mandatory when UE indicates capability for unlicensed UL)
· N=2 UE supports UL scheduling for up to 2 contiguous RB-sets
· N=3 UE supports UL scheduling for up to 3 contiguous RB-sets
· N=4 UE supports UL scheduling for up to 4 contiguous RB-sets

RRC alignment
The following parameter shall be aligned to RAN2 specification 
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11.1.1	UE procedure for determining slot format
<unchanged text omitted>
a location of an available RB set indicator field in DCI format 2_0 that is 
-	one bit, if intraCellGuardBandsUL-List-r16 intraCellGuardBandDL-r16 for the serving cell indicates no intra-cell guard-bands are configured, where a value of '1' indicates that the serving cell is available for receptions, a value of '0' indicates that the serving cell is not available for receptions, by availableRB-SetPerCell-r16, and the serving cell remains available or unavailable for reception until the end of the indicated channel occupancy duration
-	a bitmap having a one-to-one mapping with the RB sets [6, TS 38.214] of the serving cell, if intraCellGuardBandsUL-List-r16 intraCellGuardBandDL-r16 for the serving cell indicates intra-cell guard-bands are configured, where the bitmap includes  bits and  is the number of RB sets in the serving cell, a value of '1' indicates that an RB set is available for receptions, a value of '0' indicates that an RB set is not available for receptions, by availableRB-SetPerCell-r16 and a RB set remains available or unavailable for receptions until the end of the indicated channel occupancy duration




Conclusions
In this contribution, we discussed remaining open issue related to wideband operation. Based on the discussion, we made the following proposals and observations:

[bookmark: _GoBack]Observation-1: RAN1 10-19x capabilities are not agreed, they reflect LBT modes and shall not be a base for RAN4 capabilities (if any). 

Observation-2: In intra-band CA, UE may or may not implement different filter banks per carrier with separate AGC per carrier or have sufficient large ADC dynamic range, but. implementation of those is not mandatory to UEs in LTE LAA.

Observation-3: In DL Case 2a/2b where intra-cell guard bands cannot be scheduled, UE may or may not implement different filter banks per carrier with separate AGC per carrier, those are not mandatory.

Proposal-1: Conclude that from baseband processing point of view, no further capabilities are needed for DL WB modes Case 2a/2b, 3, and 4. RF aspects are up to RAN4.
Proposal-2: Consider introducing capability for UE to be scheduled on N contiguous sub-bands. 
· N=1 UE supports UL scheduling for 1 RB-set (mandatory when UE indicates capability for unlicensed UL)
· N=2 UE supports UL scheduling for up to 2 contiguous RB-sets
· N=3 UE supports UL scheduling for up to 3 contiguous RB-sets
· N=4 UE supports UL scheduling for up to 4 contiguous RB-sets
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