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1 Introduction
In RAN1#101e, one LS [1] was sent to RAN4 and RAN2 on UE capability on WB carrier operation for NR-U. In This paper, we provide our view on the LS and also provide our response. 
2 [bookmark: _Ref23587092]Discussion
DL WB operation
There are total 5 cases mentioned in [1], as illustrated in Figure 1. 
· Case 1: intra-band CA
In our view, Case 1 does not belong to WB operation, but can be treated as the baseline UE behavior. UE is configured with multiple contiguous carriers. Whether network will transmit DL signals on each subbands is determined by the LBT result of each subband independently. In our understanding, typically UE’s RF filter setting will still follow the aggregated BW, while the baseband processing can handle different CCs individually.

· Case 2a: Contiguous sub-band without data on intra-cell GB 
In this case, DL signals will only be transmitted on the contiguous subbands which passed LBT. Note that under this case, UE is still configured with a WB carrier, e.g., 60MHz as in Figure 1. Therefore, without the knowledge of the LBT results at the BS side, UE still needs to assume that the signals (PDCCH) may come on all configured subbands. The RF filter setting is actually no difference to Case 1 (i.e., still WB), and baseband part still tries to decode PDCCH on or across all subbands. It is until UE can successfully decode PDCCH or CG-PDCCH that UE may have the knowledge of the LBT results on all subbands.

· Case 2b: Non-contiguous sub-band without data on intra-cell GB 
The only difference of Case 2b to Case 2a is whether the signal can be transmitted on non-contiguous LBT subbands. However, without the knowledge of the LBT results at the BS side, UE’s RF and baseband setting are no different to previous cases.

· Case 3: Contiguous sub-band with data on intra-cell GB
The only different of Case 3 to Case 2a is whether the signal can be transmitted on intra-cell GB. In our view, the intra-cell subband, which is far narrower than 20MHz, does not bring significant different to UE implementation for RF setting. The GB still impacts on UE’s baseband processing, e.g., rate-matching, channel estimation, …, etc. 

· Case 4: Single carrier WB with all subbands
Under this case, UE only expects DL signals if all LBT subbands are occupied by its serving cell. UE does not expect signals transmitted from its serving cell if there is a LBT failure on any subband. Straightforwardly, both RF and baseband setting will be WB.  
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[bookmark: _Ref36501598]Figure 1. Five DL WB operation cases mentioned in [1].

In summary, UE’s RF setting is actually the same for Cases 2a, 2b, 3 and 4. This is true not only on the first (mini-)slot in a COT where UE has no knowledge about the LBT results at BS side, but also on the remaining slots of the same COT after decoding the GC-PDCCH. The reason why UE remains WB RF setting is that UE needs to assume DL data scheduled on every slot in a COT. Therefore, UE does not have any spared time to conduct RF setting change. This issue is illustrated in Figure 2.
[bookmark: _Ref47555395]Observation 1: UE’s Rx RF setting is actually the same for Cases 2a, 2b, 3 and 4 for the all receptions during a COT. 
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[bookmark: _Ref47467652]Figure 2. UE RF filter setting at the 1st slot and remaining slots of a COT.

Since UE is adapting WB RF filter all WB operation cases, it is very obvious that AGC will be problematic. Note that BS cannot transmit signal on a specific LBT subband because it is occupied by other transmissions (e.g., LAA, WiFi or NR-U signals from neighboring cells). In the worst case, the transmitter could be closed to UE, forming a very strong blocker to UE’s DL reception, but UE is not able to suppress it via the RF filter which already assumes WB. In this case, AGC setting will not be optimal for the desired signal and the reception performance could be hugely degraded. 
[bookmark: _Ref47555396]Observation 2: When one of the configured subband is occupied by other non-serving transmissions, UE is not able to suppress it via the RF filter which already assumes WB. AGC setting will be not accurate and the reception performance is going to be bad.

One thinking to deal with this kind of blocker is to introduce some UE receiver requirements like ACS. However, the fundamental problem over here is that UE has not spared time to adjust its RF filter to accommodate the LBT results at the BS side. Some UE may even have no such knowledge if it does not support GC-PDCCH or the GC-PDCCH is not broadcasted by its serving cell. Furthermore, in our understanding, current RF requirement only considers the case with LBT success on all configured subbands (Case 4). There is no any RF requirements for subbands with partial LBT success nor any RRM requirements which allows UE some spare time to adopt the RF filter setting. 
[bookmark: _Ref47555398]Observation 3: There is no any RF requirements for subbands with partial LBT success nor any RRM requirements which allows UE some spare time to adopt the DL RF filter setting.

Based on above discussion, we found that the reception performance for Cases 2a, 2b and 3 are actually not guaranteed in Rel-16. If capabilities are introduced for Case 2a, 2b and 3, it is also not clear how good the UEs should be nor how these UEs can co-exist with other RATs on the unlicensed band. Without a clear understanding on UE’s performance requirement, we suggest to preclude Case 2a, 2b and 3 from Rel-16. In other word, in Rel-16 WB operation, only Case 4 (Mode 1) is considered. 
[bookmark: _Ref47555405]Proposal 1: DL WB operation Case 4 (Mode 1) is supported in Rel-16 with capability signaling.
[bookmark: _Ref47555407]Proposal 2: DL WB operation Cases 2a, 2b and 3 are not supported in Rel-16 


UL WB operation
There are total 3 cases mentioned in [1], as illustrated in Figure 3.
· Case 1: LBT passes for single subband
· Case 2: LBT passes for multiple contiguous subbands
· Case 3: LBT passes for all subbands 
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[bookmark: _Ref47546849]Figure 3. Three UL WB operation cases mentioned in [1].

If the LBT is done by UE, e.g., the UL transmission is not within the COT occupied by BS, then UE is only provided by a very short time (tens of us) to re-configure its UL transmission filter after detecting a clean channel. In our view, this is not feasible in practical UE implementation. Therefore, it is fair to assume that the WB Tx filter and same LO are still used for all 3 cases. In that case, it is very challenging for UE to meet the UL transmission requirements specific for different LBT success/fail results. In order to still comply with the Tx requirements, the most likely outcome is that UE will only choose to implement Case 3. In other words, it is questionable on the necessarily to introduce Case 1 and Case 2 in Rel-16.
[bookmark: _Ref47555399]Observation 4: When the LBT is done by UE, only UL WB operation Case 3 is practical for UE implementation. 

When the UL transmission is within the COT occupied by BS and the gap between previous DL transmission and next UL transmission is within 16us, UE does not need perform LBT before transmitting. Given that the UL preparation time (N2) should always follow UE’s capability, some UE UL preparation time will be provided to UE. In our view, UE may be able to re-adjust its Tx filter BW and LO to meet the corresponding UL requirements without impacting DL reception. Since in Rel-15, the UL preparation time (N2) did not consider the re-configuration of UL Tx filter, it is suggest to add capability to support UL WB operation Cases 1 and 2.
[bookmark: _Ref47555401]Observation 5: When the LBT is not done by UE, UL WB operation Case 3 remains the baseline UE behavior, while capabilities can be introduced for Cases 1 and 2. 
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Figure 4. One example on UL scheduling in a COT without LBT at UE side

Based on above discussion, we think UL WB operation Case 3 can be supported with capability, while Case 1 and 2 are only feasible for the case when UE does not need to perform LBT before UL transmission. 
[bookmark: _Ref47555408]Proposal 3: UL WB operation Case 3 is supported in Rel-16 with UE capability signaling.
[bookmark: _Ref47555410]Proposal 4: UL WB operation Cases 1 and 2 are supported with UE capability signaling in Rel-16, only if UE does not need to perform LBT before UL transmission. 

3 Responses to questions in LS 
Based on above discussion, we provided our responses to the questions asked by RAN1 as follows
· 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? 

Answer: UE implementation for AGC is the same, but the performance is different between Case 2a/2b/3 and Case 4. For Case 2a/2b/3, UE is not able to suppress it via the WB RF filter. AGC setting will be inaccurate, and the reception performance is going to be bad. RAN4 does not introduce RF requirements for Mode 2 and Mode 3 in Rel-16.

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

Answer to 2a/2b/2c: UE capability should be different for DL Case 1 and DL Case 4. Due to no requirement, Case 2a/2b/3 are not considered In Rel-16.

· 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?

Answer: From UE implementation point of view, all LBT subbands for Mode 1 refer to the BWP. From RAN4 requirement point-of-view, BWP is always configured the same the carrier BW.

· 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? 

Answer: Yes for Case 1 and 2. No for Case 3.

· Question 5: Is there any difference if intra-cell GBs between scheduled contiguous sub-bands are scheduled or not? 

Answer: There is no significant difference in RF requirement and UE’s RF implementation. Only UE’s baseband processing will be different.

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.

Reply to RAN1: DL WB operation Case 4 (Mode 1) and UL WB operation Case 3 are supported in Rel-16 with capability signaling. DL WB operation Cases 2a/2b/3 are not considered in Rel-16. UL WB operation Cases 1/2 are supported with capability signaling, only if UE does not need to perform LBT before UL transmission.
4 Summary
In this paper, we provide our view about the LS on NR-U WB operation capability. We have the following observations and proposals.
Observation 1: UE’s Rx RF setting is actually the same for Cases 2a, 2b, 3 and 4 for the all receptions during a COT.
Observation 2: When one of the configured subband is occupied by other non-serving transmissions, UE is not able to suppress it via the RF filter which already assumes WB. AGC setting will be not accurate and the reception performance is going to be bad.
Observation 3: There is no any RF requirements for subbands with partial LBT success nor any RRM requirements which allows UE some spare time to adopt the DL RF filter setting.
Observation 4: When the LBT is done by UE, only UL WB operation Case 3 is practical for UE implementation.
Observation 5: When the LBT is not done by UE, UL WB operation Case 3 remains the baseline UE behavior, while capabilities can be introduced for Cases 1 and 2.
Proposal 1: DL WB operation Case 4 (Mode 1) is supported in Rel-16 with capability signaling.
Proposal 2: DL WB operation Cases 2a, 2b and 3 are not supported in Rel-16
Proposal 3: UL WB operation Case 3 is supported in Rel-16 with UE capability signaling.
Proposal 4: UL WB operation Cases 1 and 2 are supported with UE capability signaling in Rel-16, only if UE does not need to perform LBT before UL transmission.
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