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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. Then in RAN4#96e meeting, RAN4 discussed the LS as well as some fundamental issues about wide band operation. An LS [2] was replied to RAN1 with some issues remaining open. In this paper, we provide our views on the remaining issues and also provide our further draft LS response. 
2 [bookmark: _Ref23587092]Discussion
Clarification on UL WB operation Mode 1
One issue discussed in last RAN4 meeting [3] without conclusion is:
	Issue 3-1-2: 
Proposal 1b:	Clarify whether UL wide-band transmission mode 1 assumes that LBT is successful in all LBT sub-bands irrespective of which sub-bands are scheduled with data or only in those LBT sub-bands where UL data is scheduled.
· Proposals
· Agreeable
· Not Agreeable 



On this issues, we think either way is fine. If one checks the example feature group (10-19d) in current RAN1 feature list, UE has to perform LBT on all LBT subbands overlapped with its UL BWP.
	10. NR-unlicensed
	10-19d
	UL wideband carrier operation mode 1
	Support of UL wideband carrier operation mode 1: UE transmits only if LBT passes for all LBT sub-bands of BWP


To make the idea clear, we put an example in Figure 1, where the carrier occupies 3 LBT sub-bands, the BWP partially occupies 2 LBT sub-bands and the scheduled PRBs are within only one LBT sub-band. If we follow the current description in RAN1 feature list, UE has to perform LBT on sub-bands #2 and #3. 
[image: ]
[bookmark: _Ref53952234]Figure 1. Carrier, BWP and scheduled PRBs in a 60MHz single WB operation

One may think it would reduce the chance of UL transmission because UE needs to also perform LBT on sub-band#2 on which UE does not need to transmit data. In our opinion, this is true. But one thing we would like to emphasize is that it is eventually up to network’s decision to have which kinds of configuration. In addition to what we provided in Figure 1, network has other alternatives, such as to configure the BWP within a single LBT sub-band or to schedule the UL PRBs occupying the whole UL BWP via RIV. As long as the rule for UL WB operation Mode 1 is clear, it is up to network to make the best decision. 
From UE implementation complexity point-of-view, we slightly prefer the current version in RAN1 feature list. So that the subbands to perform LBT is not dynamically changed by DCI on every slot.
[bookmark: _Ref53958412]Proposal 1: UL wide-band transmission mode 1 assumes that LBT is successful in all LBT sub-bands of BWP, irrespective of which sub-bands are scheduled with data.

WB operation features in RAN1 or RAN4 feature list
In the LS replied to RAN1, RAN4 asked a question on whether RAN1 was 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 was asking RAN4 to define new UE capabilities in RAN4 feature list, if needed. To our understanding, those features are examples to reserve ANS.1 bits in the RRC signaling, and it is finally up to RAN4 whether to introduce these features. If RAN4 agrees that these features are needed, RAN4 should introduces these features in RAN4 feature list.
[bookmark: _Ref53958402]Observation 1: RAN1 LS R1-2004965 is asking RAN4 to define new UE capabilities in RAN4 feature list, while feature groups [10-19a], [10-19b], [10-19c], [10-19d], [10-19e], [10-19f] in RAN1 feature list R1-2004970 where examples to reserve ASN.1 bits.

In the following, we discuss whether to introduce features for UL and DL WB operation Modes.

UL WB operation
In latest RAN1 feature list [4], examples for UL WB operations are listed below with some simplifications.
	Index
	Feature group
	Components

	10-19d
	UL WB carrier operation mode 1
	UE transmits only if LBT passes for all LBT sub-bands of BWP

	10-19e
	UL WB carrier operation mode 2A
	UE transmits if LBT passes for single scheduled LBT sub-band

	10-19f
	UL WB carrier operation mode 2B
	UE transmits if LBT passes for scheduled multiple contiguous LBT sub-bands



Three feature groups are considered in RAN1 feature list. However, after we further checked TS 37.213, we found that Mode 2A and 2B are actually not needed anymore. In section 4.2.1.0.4, UE behavior is clearly defined that UE does not need to transmit the signal if UE fails to access any LBT sub-band with scheduled or configured UL resources.
	[bookmark: _Toc28873156][bookmark: _Toc35593614][bookmark: _Toc44669022][bookmark: _Toc51607171]4.2.1.0.4	Channel access procedures for UL multi-channel transmission(s)
If a UE 
-	is scheduled to transmit on a set of channels , and if Type 1 channel access procedure is indicated by the UL scheduling grants for the UL transmissions on the set of channels , and if the UL transmissions are scheduled to start transmissions at the same time on all channels in the set of channels  , or
-	intends to perform an uplink transmission on configured resources on the set of channels  with Type 1 channel access procedure, and if UL transmissions are configured to start transmissions on the same time all channels in the set of channels , and 
if the channel frequencies of set of channels  is a subset of one of the sets of channel frequencies defined in clause 5.7.4 in [2]
-	the UE may transmit on channel  using Type 2 channel access procedure as described in clause 4.2.1.2, 
-	if Type 2 channel access procedure is performed on channel immediately before the UE transmission on channel , , and
-	if the UE has accessed channel  using Type 1 channel access procedure as described in clause 4.2.1.1, 
-	where channel  is selected by the UE uniformly randomly from the set of channels  before performing Type 1 channel access procedure on any channel in the set of channels .
-	the UE may not transmit on channel  within the bandwidth of a carrier, if the UE fails to access any of the channels, of the carrier bandwidth, on which the UE is scheduled or configured by UL resources.



With above UE behavior, we think there is no need to further introduce UL WB operation Modes 2A and 2B in Rel-16.
[bookmark: _Ref53958404]Observation 2: According to Section 4.2.1.0.4 of TS 37.213, UE does not need to transmit the signal if UE fails to access any LBT sub-band with scheduled PRBs. In other words, UL WB operation Modes 2A and 2B are not possible in Rel-16.
[bookmark: _Ref53958414]Proposal 2: For UL WB operation, only Mode 1 is introduced as a basic feature, while Mode 2A and 2B should be removed according to Section 4.2.1.0.4 of TS 37.213. 

DL WB operation
In latest RAN1 feature list [4], examples for DL WB operations are listed below with some simplifications.
	10-19a
	DL wideband carrier operation mode 1
	Single carrier wideband operation when LBT is successful in all LBT sub-bands of [BWP/carrier]

	10-19b
	DL wideband carrier operation mode 2
	Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous

	10-19c
	DL wideband carrier operation mode 3
	Single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous



Firstly, the RF filter setting should be no different for not only above 3 modes but also intra-band CCA, because
· In the beginning of a COT, UE has no the knowledge of the LBT results at the BS side, UE needs to assume that the signals (PDCCH) may come on all configured subbands. UE’s RF filter setting will still follow the carrier BW. 
· In the remaining slot of the same COT, there is no time for UE to further adapt is RF filter. 
[bookmark: _Ref53958405]Observation 3: For all DL WB operation modes, UE always assumes the aggregated BW in the whole COT duration. 

Since UE is adopting 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. Nevertheless, since RAN4 will not introduce any requirements for in-channel selection. The handling of this in-channel selection becomes out-of-scope of 3GPP in Rel-16.
[bookmark: _Ref47555396]Observation 4: 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.
[bookmark: _Ref53958408]Observation 5: The handling of in-channel selection is no considered in 3GPP Rel-16.

The DL WB operation modes 2 and 3, although bring no additional complexity to UE RF implementation, demand very high baseband implementation complexity. One example is shown in Figure 2. Before performing DL LBT, BS prepared single WB signals for both PDCCH and PDSCH. After LBT, sub-band#1 is unusable. Therefore, the PDCCH and PDSCH are punctured. However, UE has no knowledge on the LBT results at BS side. In order to decode PDCCH, there are total 8 hypotheses that UE has to assume, as illustrated in Table 1. The reason that UE needs to try different hypotheses is for the DL decoding performance. One example is for the channel estimation. If sub-band#1 was occupied by WiFi, taking the REs in sub-band#1 together with other sub-bands for channel estimation will lead to very bad performance and increase the chance of miss-detection. 

[image: ]
[bookmark: _Ref53956527]Figure 2. An example of supporting DL WB operation mode 3.

[bookmark: _Ref53956970]Table 1 Hypotheses for UE to decode PDCCH across 3 subbands for DL WB operation Mode 3
	
	Hypotheses (O: LBT success, X: LBT failure)

	Sub-band #0
	O
	O
	O
	O
	X
	X
	X
	X

	Sub-band #1
	O
	O
	X
	X
	O
	O
	X
	X

	Sub-band #2
	O
	X
	O
	X
	O
	X
	O
	X


As can be observed in Table 1, the complexity of PDCCH blind detection is increased by 7 times (We do not need to consider the last one here). With an even wider carrier BW, the complexity will be increased exponentially. For UE supporting DL WB operation Mode 2 but not Mode 3, there are less hypotheses to be considered, e.g., the 3rd case can be dropped. 
Another solution is consider duplicated CORESTs introduced by RAN1 as an optional feature 10-20 in [4], as shown below. For UE supporting 10-20, network can transmit the same PDCCH content on all LBT subbands. This could increase the chance of successful PDCCH transmission. However, this is an optional UE feature which also requires additional UE complexity. 
	Index
	Feature group
	Components
	Note
	Mandatory/Optional

	10-20
	Support search space set configuration with freqMonitorLocation-r16
	Maximum number of frequency domain locations for a search space set configuration with freqMonitorLocations-r16
	Candidate values of component 1: {1, 2, ,3, 4, 5}
the signaling is per band but is only expected for a band where shared spectrum channel access must be used
	Optional with capability signaling




Anyhow, the PDCCH blind detection complexity is never the same as that in Rel-15, even if the DL BWs are exactly the same. Therefore, we suggest to introduce DL WB operation Mode 1 as a mandatory feature and Mode 2/3 as optional features.
[bookmark: _Ref53958415]Proposal 3: For DL WB operation, Mode 1 is introduced as a basic feature, while Mode 2 and 3 are introduced as optional features.
3 Draft further LS responses to RAN1 
Based on above discussion, we provided our further responses to RAN1 as follows.
	1. Overall Description:
RAN4 would like to further inform RAN1 and RAN2 on the RAN4 agreement about on UE capability on wideband carrier operation for NR-U. 
· All WB operation Modes for both DL and UL will be introduced in RAN4 feature list. RAN4 believes that the feature groups 10-19a, 10-19b, 10-19c, 10-19d, 10-19e, 10-19f in RAN1 feature can be removed.
· DL WB operation:
· Mode 1 is introduced as a part of basic operation for a particular scenario in NR-U
· Mode 2 and 3 are introduced as optional features
· UL WB operation:
· Mode 1 is introduced as a part of basic operation for a particular scenario in NR-U
· Mode 2A and 2B are not supported in Rel-16
2. To RAN WG1 and WG2 group. 
ACTION: RAN4 kindly ask RAN1 and RAN2 take above information in to consideration.



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: RAN1 LS R1-2004965 is asking RAN4 to define new UE capabilities in RAN4 feature list, while feature groups [10-19a], [10-19b], [10-19c], [10-19d], [10-19e], [10-19f] in RAN1 feature list R1-2004970 where examples to reserve ASN.1 bits.
Observation 2: According to Section 4.2.1.0.4 of TS 37.213, UE does not need to transmit the signal if UE fails to access any LBT sub-band with scheduled PRBs. In other words, UL WB operation Modes 2A and 2B are not possible in Rel-16.
Observation 3: For all DL WB operation modes, UE always assumes the aggregated BW in the whole COT duration.
Observation 4: 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.
[bookmark: _GoBack]Observation 5: The handling of in-channel selection is no considered in 3GPP Rel-16.
Proposal 1: UL wide-band transmission mode 1 assumes that LBT is successful in all LBT sub-bands of BWP, irrespective of which sub-bands are scheduled with data.
Proposal 2: For UL WB operation, only Mode 1 is introduced as a basic feature, while Mode 2A and 2B should be removed according to Section 4.2.1.0.4 of TS 37.213.
Proposal 3: For DL WB operation, Mode 1 is introduced as a basic feature, while Mode 2 and 3 are introduced as optional features.
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