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1	Introduction
As for NR in licensed bands, it is expected that NR-U will support transmission over a wide bandwidth (>> 20 MHz). Related to this, the following objective is listed in the NR-U WID [1]:
Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
Despite the wording of this objective, the common understanding in RAN1 appears to be that this may be achieved through either of the following approaches: single serving cell of bandwidth 20 MHz or greater or aggregation of multiple serving cells of bandwidth 20 MHz or greater. It is also stated CCA is performed in units of 20 MHz (at least for 5 GHz). This is referred to here as the LBT bandwidth (LBW). The distinguishing feature amongst all scenarios is the relationship between the carrier bandwidth (CBW) and LBW for a particular serving cell. Hence, for the purposes of discussion we define the following:
[bookmark: _Ref7800505][bookmark: _Toc7804500]For the purposes of discussion, two wideband modes with carrier aggregation are defined as follows:
· [bookmark: _Toc7804501]Wideband Mode 1 (WB1):
· [bookmark: _Toc7804502]Carrier bandwidth is equal to the LBT bandwidth (CBW = LBW)
· [bookmark: _Toc7804503]Wideband Mode 2 (WB2):
· [bookmark: _Toc7804504]Carrier bandwidth is greater than the LBT bandwidth (CBW > LBW)
· [bookmark: _Toc7804505]A carrier consists of multiple LBT sub-bands, each of bandwidth LBW

For Wideband Mode 2, two agreements have been made in RAN1, one for the DL and one for the UL as follows:
 DL Agreement:
· For wideband operation in DL with a single serving cell operation within a carrier with bandwidth larger than 20 MHz
· Multiple BWPs can be configured, single BWP activated, gNB may transmit PDSCH on parts or whole of single active BWP where CCA is successful at gNB (i.e., option 2 and 3 from previous agreement)
· FFS: Restrictions on supportable gaps and combinations of gaps between discontiguous blocks where 
· each block spans contiguous (one or) multiple successful LBT sub-bands
· each gap spans one or multiple contiguous unsuccessful LBT sub-bands
· FFS: Transmission bandwidth adaptation delay, potentially different delay for e.g., different number of supported gaps, different transmission bandwidths and different positions of the LBT sub-bands where transmissions occur
· FFS: Limit on the occupied LBT sub-bands due to regulation and coexistence considerations (not intended to imply that regulation and coexistence considerations will not be addressed)
· FFS: Whether/how to indicate gNB’s transmitted LBT sub-bands
· FFS: Enhancements to PDCCH/PDSCH configuration/transmission for the parts of BWP where gNB does not transmit due to CCA failure
· Send LS to RAN4 to inform above decision with the description that RAN1 requires RAN4’s feedback on the first three FFS parts in addition to what was requested in earlier LSs.

UL Agreement:
For UL transmissions in a serving cell with carrier bandwidth greater than LBT bandwidth, for the case where UE performs CCA before UL transmission, support at least Alt. 1 among the following alternatives
· Alt. 1: UE transmits the PUSCH only if CCA is successful at UE in all LBT bandwidths of the scheduled PUSCH.
· Alt. 2: UE transmits the PUSCH in all or a subset of LBT bandwidths of the scheduled PUSCH for which CCA is successful at the UE. 
· Decision on whether this alternative is supported will depend on feedback from RAN4
· FFS on restrictions to the subset of LBT bandwidths, e.g., only contiguous LBT bandwidths allowed, based on feedback from RAN4
· Necessity of guard bands within the scheduled PUSCH should be determined by RAN4
· FFS: Whether this applies also to configured grant PUSCH
· FFS: Whether this applies also to PUCCH

Both agreements allow for transmission/receptions on parts or whole of the BWP of a wideband carrier depending on LBT outcome. For example, if an 80 MHz BWP is configured within a wideband carrier and LBW = 20 MHz, the carrier consists of 4 LBT sub-bands. In principle, any combination of 1, 2, 3, or 4 sub-bands may be available depending on the LBT outcome. This is illustrated in Figure 1. We refer to this type of operation as “Channel Puncturing,” since depending on LBT outcome some subset of 20 MHz sub-bands (corresponding to 20 MHz channels) are not available for transmission/reception, i.e., are punctured.

[image: example LBT cases]
[bookmark: _Ref7708949]Figure 1: Wideband Mode 2 for the case of a single 80 MHz carrier. Various channel puncturing scenarios based on LBT outcome are illustrated.

2	WB2 in Other Working Groups 
2.1	RAN4
During the SI phase, RAN1 sent an LS to RAN4 [3] asking the basic question on whether or not new BS and UE RF requirements (over and above those for WB1) are needed for WB2. If new requirements are needed, then RAN1 asked about the feasibility of developing such requirements including:
· Contiguous vs. non-contiguous LBT sub-bands
· Potential need for guard bands for each LBT sub-band
· RF filtering aspects, including filter adaptation and adaptation delay

In RAN1#AH1901, RAN4 replied in an LS [4] stating that indeed, new requirements are needed such as in-carrier leakage and blocking and “out-of-BWP” (but still in-carrier) leakage requirements. RAN4 also replied that development of such requirements for non-contiguous LBT sub-bands would be challenging; however, transmissions spanning multiple contiguous LBT sub-bands can be specified. RAN4 indicated that guard bands for each LBT sub-band may or may not be needed. The LS reply indicates that all of these aspects will be studied in future meetings.
In RAN1#96b, RAN4 replied in a 2nd LS [5] that RF filtering will not be used for  transmission/reception adaptation at both the BS and UE. The reply further states that RAN4 will study the feasibility of adapting baseband (digital) filtering at both the BS transmitter and the UE receiver and that the feasibility depends on RF leakage and blocking requirements. It is stated that RAN4 will study the need for guard bands between contiguous LBT sub-bands once the LBT outcome is known to the UE.
In RAN1#97, RAN4 replied in a 3rd LS [6] on the feasibility of Wideband Mode 2 for the downlink. Three sub-modes are defined in the LS:
1. Mode 2-1: LBT successful in all LBT sub-bands
a. Feasible
b. FFS on whether or not guard bands are needed
2. Mode 2-2: LBT successful in a subset of sub-bands which are contiguous
a. Feasible at least if the guard band within two contiguous sub-bands is not scheduled and WiFi-like requirements (20 dBr) are adopted for in-carrier leakage 
3. Mode 2-3: LBT successful in a subset of sub-bands which are non-contiguous
a. Feasible at least if guard bands within two contiguous sub-bands is not scheduled and WiFi-like requirements (20 dBr) are adopted for in-carrier leakage

For all three sub-modes, it is FFS whether or not WiFi-like requirements meet regional regulatory requirements, e.g., ETSI-BRAN. Furthermore, if the guard bands are scheduled, it is FFS what filter adaptation time is required.
[bookmark: _Toc7804493]The feasibility of WB2 (Modes 2&3) is dependent on guard bands not being scheduled and relaxed RF requirements for in-carrier leakage being defined, e.g., 20 dBr Wi-Fi like requirements.
2.2	RAN2
In the first RAN1 LS (see [3]), RAN1 asked RAN2 to take into account the agreement on WB2 operation in their further work from an L2 protocol perspective; however, a reply LS has not been sent yet. In [7], some of the impacts on WB2 operation from an L2 protocol perspective are discussed. It is observed that if sub-band specific (WB2) operation is specified in RAN1, it may require that LBT sub-bands become visible at the MAC and RRC protocol layers, e.g., with respect to at least PRACH configuration, RACH functionality, scheduling and HARQ operation.
[bookmark: _Toc7804494]WB2 operation may have a non-trivial impact on MAC layer procedures and RRC signaling.
While not impossible to specify, such impact puts at risk timely completion of the Rel-16 NR-U work item for marginal benefits.
3	Aspects of WB2 Operation
3.1	Spectral Utilization (SU)
One of the claimed advantages of WB2 compared to WB1 was a gain in spectral utilization; however, this claim was built on the assumption that the guard bands between contiguous LBT sub-bands of a wideband carrier can be scheduled, unlike for CA of an equivalent number of carriers in WB1. However, based on the most recent LS from RAN4, WB2 is feasible if the guard bands are not scheduled. Even if after a filter adaptation delay, the guard bands could be scheduled, the same thing could be done for CA in WB1 for the guard band between two contiguous carriers. Hence, the claimed spectral utilization benefit of WB2 vanishes.
[bookmark: _Toc7804495]Based on the LS reply from RAN4 in [6], the gain in spectral utilization for WB2 compared to WB1 is zero.
3.2	Relaxed RF Requirements
As observed above, feasibility of WB2 for the case when CCA is successful in a subset of LBT sub-bands is conditioned on avoiding scheduling in the guard bands as well as adopting relaxed Wi-Fi like requirements (20 dBr). Such relaxed requirements are discussed in [8], where it is observed that maintaining LTE-LAA adjacent channel requirements within an NR-U wideband carrier is not possible only with baseband filtering, even if there are guard bands between used and unused RBs. Hence, it is proposed in [8] that NR-U adopts the spectral emission masks for Wi-Fi preamble puncturing shown in Figure 2 for defining in-carrier leakage requirements. Together, these two masks would define the maximum spectral emission levels for the internal and edge LBT sub-bands within a BWP when a number of 20 MHz channels are punctured. For both the internal and edge sub-bands, the masks define a guard of 0.5 MHz (approximately 1.4 PRBs for 30 kHz SCS). The value N in each of the two masks represents a set of contiguous 20 MHz channels that are punctured either internally or at the edge, respectively.
It is instructive to compare these masks to the spectral emission mask defined in the latest version of the ETSI BRAN harmonized standard EN 301 893 v2.1.1 shown in Figure 3. It is important to note that in Figure 3, N is defined as the nominal channel bandwidth which is different than the N in Figure 2, where it represents the number of contiguous punctured channels.



[image: ]
[bookmark: _Ref7717132]Figure 2: Spectral emission masks for Wi-Fi preamble puncturing where N is the number of contiguous punctured 20 MHz channels (source: [8])

[image: ]
[bookmark: _Ref7776200]Figure 3: Transmit spectral emission mask from the latest version of the ETSI BRAN Harmonized standard EN 301 893 v2.1.1

Section 4.2.4.2.2 of the harmonized standard EN 301 893 v2.1.1 provides the following procedure for constructing the overall transmission mask for the case that shall be satisfied for a combination of contiguous and non-contiguous 20 MHz transmissions:
For transmitter unwanted emissions within the 5 GHz RLAN bands, simultaneous transmissions in adjacent channels may be considered as one signal with an actual Nominal Channel Bandwidth of "n" times the individual Nominal Channel Bandwidth where "n" is the number of adjacent channels used simultaneously.
For simultaneous transmissions in multiple non-adjacent channels, the overall transmit spectral power mask is constructed in the following manner. First, a mask as provided in figure 1 is applied to each of the channels. Then, for each frequency point, the greatest value from the spectral masks of all the channels assessed shall be taken as the overall spectral mask requirement at that frequency.
In order to visualize the overall spectral emission mask that shall be satisfied, it is useful to consider a concrete example. Hence, we consider the case of an 80 MHz BWP consisting of four 20 MHz LBT sub-bands. While multiple puncturing patterns are possible (illustrated in Figure 1), we consider 3 in particular [1 1 0 1], [1 0 0 1], and [1 1 1 0], where a ‘0’ indicates that a 20 MHz channel has been punctured.
For the first example pattern [1 1 0 1], two masks are superimposed, and the maximum value at each frequency point defines the overall mask according to the above procedure. The first mask corresponds to two adjacent 20 MHz channels (the first two ‘1’’s in the pattern) which define a nominal channel bandwidth of 40 MHz. The second mask corresponds to a single 20 MHz channel (the last ‘1’ in the pattern) which defines a nominal channel bandwidth of 20 MHz. The envelope of the two masks is shown by the solid blue line in Figure 4. This is the overall ETSI mask that shall be satisified in the 5 GHz RLAN band for the pattern [1 1 0 1]:
Figure 4 also shows the overall spectral emission mask for Wi-Fi preamble puncturing according to the internal and edge masks in Figure 2 (dashed red line). Note that outside the 80 MHz BWP, the dashed red line is according to a nominal channel bandwidth of 80 MHz. Clearly, the Wi-Fi preamble puncturing mask does not satisfy the ETSI BRAN requirements for spectral emissions. The preamble punctured mask violates the ETSI mask by anywhere from 5 to 15 dB depending on the frequency position.
Figure 5 and Figure 6 show the same comparison for the other two channel puncturing patterns. Again, the Wi-Fi mask violates the ETSI mask by up to 15 dB on the outer edges of the transmission and up to 20 dB on the inner parts of the transmission corresponding to failed LBT sub-bands.
[image: ]
[bookmark: _Ref7798263]Figure 4: Comparison of the overall spectral emission masks for the [1 1 0 1] channel puncturing pattern
[image: ]
[bookmark: _Ref7799987]Figure 5: Comparison of the overall spectral emission masks for the [1 0 0 1] channel puncturing pattern

[image: ]
[bookmark: _Ref7799989]Figure 6: Comparison of the overall spectral emission masks for the [1 1 1 0] channel puncturing pattern
Based on these results we make the following observation:
[bookmark: _Toc7804496]Equipment only compliant with the Wi-Fi preamble-punctured channel emissions mask is not compliant with the ETSI harmonized standard for Modes 2 and 3 defined in the RAN4 LS [6].
[bookmark: _GoBack]It is important to recognize that the ETSI mask is not violated for Mode 1 in the RAN 4 LS [6], i.e., in the case where transmission occurs if all LBT is successful in all LBT-subbands of the wideband carrier. In the examples above, the spectral emissions mask is determined using a nominal channel bandwidth is 80 MHz.
[bookmark: _Toc7804497]The overall ETSI spectral emission mask is satisfied for Mode 1 defined in the RAN4 LS [6], i.e., when transmission occurs if LBT is successful in all LBT sub-bands, i.e., no channel puncturing.
Clearly, adoption of Wi-Fi like requirements (20 dBr) for in-carrier leakage is a significant relaxation compared to ETSI BRAN requirements for the case of channel puncturing. In [8] it is observed that “this relaxed in-carrier emission requirements compared with LAA adjacent channel requirements may degrade system performance, if only LAA and NR-U deployed without Wi-Fi system.” If such Wi-Fi like requirements are adopted for NR-U, such a degradation of LTE-LAA performance may occur, for example, in outdoor LTE-LAA deployments where Wi-Fi may not be expected.
[bookmark: _Toc7804498]If NR-U adopts Wi-Fi like (20 dBr) RF requirements for spectral emission masks, LTE-LAA/NR-U coexistence may be harmed.
3.3	Robustness
It has been suggested that if LBT fails in one or more of 20 MHz channels within the BWP, full re-processing of the transport block can be avoided by puncturing or rate-matching around the LBT sub-bands (channels) that are unavailable due to CCA failure. In the former, the PDSCH/PUSCH REs are simply not transmitted in those LBT sub-bands, and the UE/gNB may set the soft values for the coded bits corresponding to those REs to zero prior to a decoding. In the latter, partial re-processing may be performed at the transmitting device, assuming sufficient processing capability. The partial re-processing is to re-encode the TB at a higher rate accounting for the unavailable REs. We emphasize that both approaches are undesirable and have a high likelihood of decoding failure thus requiring retransmissions. Moreover, such a scheme has an impact on contention window adjustment, implying longer channel access latencies during the next COT. Clearly, these effects reduce the spectral efficiency of WB2 compared to WB1.
[bookmark: _Toc7804499]For WB2, puncturing/rate matching around LBT sub-bands where CCA fails may cause PDSCH/PUSCH decoding failure which can adversely impact contention window sizes.
4	Open Issues for WB2
One of the open issues for WB2 that has been prioritized by the feature lead relates to the following agreement from RAN1#96b:
Agreement:
· Support a mechanism for a UE to detect gNB is transmitting across
· Multiple carriers 
· Multiple LBT bandwidths in a carrier. 
· The following mechanisms are to be considered:
· Option 1: Explicit indication via PDCCH
· FFS: The type of PDCCH (e.g., group common PDCCH or UE-specific PDCCH)
· FFS: Signaling details of the indication
· Option 2: Explicit indication via selection of a PDCCH DM-RS sequence from a set of PDCCH DM-RS sequences
· FFS: Details of the indication
· Option 3: Via UE implementation, i.e., implicit method based on NR-based signal such as DM-RS and/or corresponding PDCCH detection
· FFS: Which signals/channels or combination of signals/channels could be used by the UE
· Note: Above options are not mutually exclusive

The intention of this agreement is to indicate COT structure information in the frequency domain – either explicitly or implicitly – across multiple carriers and/or sub-bands such that a UE could potentially achieve some degree of power savings, e.g., by deferring from PDCCH monitoring in certain slots or portions of slots on one or more carriers. In our view, this is a generalization of the COT structure indication discussions that are ongoing in the DL Signals and Channels AI 7.2.2.1.2 both in terms of explicit COT structure indication based on potential enhancements of DCI Format 2_0 as well as some form of gNB DL burst detection, e.g., through detection of a (GC)-PDCCH DMRS.
In AI 7.2.2.1.2, we make the following proposal in our contribution [10] which is relevant for one particular carrier/subband:
[bookmark: _Toc7706006][bookmark: _Toc7804506]The UE may assume the presence of GC-PDCCH and its associated DMRS (on a carrier/subband) in a subset of configured PDCCH monitoring occasions within the DL transmission burst by the serving gNB for power saving purposes.
where the GC-PDCCH and it’s DMRS serve the dual purpose of indicating COT structure and burst detection. Generalizing this to a multi-carrier/multi-subband scenario is straight forward. If the UE may assume the presence of GC-PDCCH and its DMRS on each carrier/sub-band, then it can use this to detect which carriers/sub-bands were acquired by LBT at the gNB, e.g., by detecting the presence of the DMRS on each carrier/subband individually. Further, upon decoding the GC-PDDCH, the UE can learn what the slot format is for the current and one or more future slots on each carrier/sub-band separately. After acquiring this information on all used carriers/sub-bands, the UE, may by implementation, choose to defer from PDCCH monitoring in certain slots or portions of slots on one or more carriers. As in [10], we further propose that such power savings decisions are up to the UEs implementation, while still being able to meet the PDCCH detection performance requirements without relaxation:
[bookmark: _Ref4771374][bookmark: _Toc7706005][bookmark: _Toc7804507]Detection of the DL Burst and/or of a COT structure (on a carrier/subband) should not relax the requirements of NR Rel-15 PDCCH monitoring. 
In our view, there is not a necessity for some sort of “cross-carrier” indication of COT structure. Since the gNB does not know in advance which carriers/sub-bands will pass LBT, it would need to prepare multiple sets of cross-carrier COT structure information. For example, with 4 carriers, it would need to prepare a COT structure information set from carrier/subband 1 to carriers/sub-bands 2,3, and 4, and from carrier/subband 2 to carriers/sub-bands 1, 3, and 4, and so on. Then, the appropriate set would be transmitted on one or more carriers/sub-bands for which LBT is successful.
Such an approach suffers from unnecessary overhead. Being able to indicate the COT structure information cross carrier does not provide anything more than indicating it on a per-carrier/subband basis specific only to that carrier/subband. Moreover, it is more robust, since if one GC-PDCCH happens to be missed, not all of the COT structure information is missed. With this approach, the UE can aggregate all information it receives separately on multiple carriers/sub-bands and make power saving decisions by implementation.
Based on this discussion, we propose Option 3 from the above agreement. Furthermore, we suggest that additional progress is made on COT structure indication (even for just a single carrier) in the DL Signals and Channels AI 7.2.2.1.2 before further details for the multi-carrier/subband case are settled.
[bookmark: _Toc7804508]The UE may detect that a gNB is transmitting across multiple carriers/multiple LBT bandwidths in a carrier via UE implementation, i.e., implicit method based on an NR-based signal (Option 3 in the RAN1#96b agreement). FFS: Further details on COT structure indication and DL gNB burst detection are needed before further progress can be made on this topic for wideband operation. 
5	Preferred Way Forward
As we have discussed above, there are RAN4 and RAN2 dependencies on establishing a working specification of Wideband Mode 2 (WB2) for the case where channel puncturing occurs. Furthermore, it has been observed that the gain in spectral utilization of WB2 is zero compared to WB1 (CA of carriers in which CBW = LBW), and that adoption of Wi-Fi like (20 dBr) RF requirements has the potential to harm coexistence with existing LTE-LAA deployments.
For operation in the 5 GHz band where it is quite likely that LBT can fail on individual 20 MHz channels, Wideband Mode 1 (CA-based operation) makes the most sense since due to existence concerns with deployed LTE-LAA. Moreover, since RAN4 specifications on CACLR and blocking for both contiguous and non-contiguous intra-band operation have already been developed for this mode for LTE-LAA for Band 46, the amount of RAN4 work is minimal to port these specifications to NR-U in the corresponding band, e.g., n46.
In new bands, e.g., 6 GHz, where a large fraction of devices are expected to operate with wider bandwidths, it is less likely that LBT will fail on individual 20 MHz channels within a wideband carrier. In this case, Wideband Mode 2 where transmission occurs only when LBT is successful in all LBT sub-bands (Mode 2-1) is practical, and does not require specification of new RF requirements. In this case, aggregation of multiple wideband carriers is feasible, e.g., 320 MHz may be achieved with configuration of four 80 MHz carriers.
Based on the above arguments, our view is that support of WB2 with channel puncturing is an optimization that could be considered in a later release of NR-U, provided that regulatory requirements are met. In our view, RAN1 and 4 should prioritize development of specifications for WB1 and WB2 with no channel puncturing (LBT successful in all sub-bands). With these modes of operation, aggregation of 20 MHz carriers in the 5 GHz band and aggregation of wider carriers in the 6 GHz band are covered. Based on this we propose the following:
[bookmark: _Toc7804509]In both DL and UL, RAN1 and RAN4 should prioritize development of specifications for the following two carrier aggregation modes: (1) Wideband Mode 1, i.e., where the carrier bandwidth (CBW) is equal to the LBT bandwidth (LBW); and (2) Wideband Mode 2, i.e., where CBW > LBW, but transmission occurs on a carrier only when LBT is successful in all sub-bands of the carrier.
[bookmark: _Toc7804510]Wideband Mode 2 (CBW > LBW) with channel puncturing is an optimization that can be considered in Rel-17 assuming regulatory requirements are met.
Conclusion
In this paper we made the following observations: 
Observation 1	The feasibility of WB2 (Modes 2&3) is dependent on guard bands not being scheduled and relaxed RF requirements for in-carrier leakage being defined, e.g., 20 dBr Wi-Fi like requirements.
Observation 2	WB2 operation may have a non-trivial impact on MAC layer procedures and RRC signaling.
Observation 3	Based on the LS reply from RAN4 in [6], the gain in spectral utilization for WB2 compared to WB1 is zero.
Observation 4	Equipment only compliant with the Wi-Fi preamble-punctured channel emissions mask is not compliant with the ETSI harmonized standard for Modes 2 and 3 defined in the RAN4 LS [6].
Observation 5	The overall ETSI spectral emission mask is satisfied for Mode 1 defined in the RAN4 LS [6], i.e., when transmission occurs if LBT is successful in all LBT sub-bands, i.e., no channel puncturing.
Observation 6	If NR-U adopts Wi-Fi like (20 dBr) RF requirements for spectral emission masks, LTE-LAA/NR-U coexistence may be harmed.
Observation 7	For WB2, puncturing/rate matching around LBT sub-bands where CCA fails may cause PDSCH/PUSCH decoding failure which can adversely impact contention window sizes.
Based on the discussion in this paper we propose the following:
Proposal 1	For the purposes of discussion, two wideband modes with carrier aggregation are defined as follows:
	Wideband Mode 1 (WB1):
o	Carrier bandwidth is equal to the LBT bandwidth (CBW = LBW)
	Wideband Mode 2 (WB2):
o	Carrier bandwidth is greater than the LBT bandwidth (CBW > LBW)
o	A carrier consists of multiple LBT sub-bands, each of bandwidth LBW
Proposal 2	The UE may assume the presence of GC-PDCCH and its associated DMRS (on a carrier/subband) in a subset of configured PDCCH monitoring occasions within the DL transmission burst by the serving gNB for power saving purposes.
Proposal 3	Detection of the DL Burst and/or of a COT structure (on a carrier/subband) should not relax the requirements of NR Rel-15 PDCCH monitoring.
Proposal 4	The UE may detect that a gNB is transmitting across multiple carriers/multiple LBT bandwidths in a carrier via UE implementation, i.e., implicit method based on an NR-based signal (Option 3 in the RAN1#96b agreement). FFS: Further details on COT structure indication and DL gNB burst detection are needed before further progress can be made on this topic for wideband operation.
Proposal 5	In both DL and UL, RAN1 and RAN4 should prioritize development of specifications for the following two carrier aggregation modes: (1) Wideband Mode 1, i.e., where the carrier bandwidth (CBW) is equal to the LBT bandwidth (LBW); and (2) Wideband Mode 2, i.e., where CBW > LBW, but transmission occurs on a carrier only when LBT is successful in all sub-bands of the carrier.
Proposal 6	Wideband Mode 2 (CBW > LBW) with channel puncturing is an optimization that can be considered in Rel-17 assuming regulatory requirements are met.
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