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Introduction
In RAN1 #98bis meeting, the following agreements were made on wideband operation for NR-U [1]:
Agreement:
For a search space set configuration associated with multiple monitoring locations in the frequency domain (as per the previous agreement defining such a search space set associated with a CORESET confined within an LBT bandwidth):
· PRBs allocated by frequencyDomainResources in the CORESET configuration are confined within one of LBT bandwidths within the BWP corresponding to the CORESET.
· Within the search space set configuration associated with the CORESET, each of the one or more monitoring locations in the frequency domain corresponds to (and is confined within) an LBT bandwidth and has a frequency domain resource allocation pattern that is replicated from the pattern configured in the CORESET.
· CORESET parameters other than frequency domain resource allocation pattern are identical for each of the one or more monitoring locations in the frequency domain.
· Include this and the prior agreement on this issue in an LS to RAN2
Agreement:
The intra-carrier guard bands on a carrier can be semi-statically adjusted with an RB level granularity. The RAN4 minimum guard band requirements are used as the guard bands when no semi-static adjustment is applied.
· The guard bands adjustments do not affect the already agreed restrictions on PUCCH resource allocation.
· FFS: Whether and how to handle the case where the intra-carrier guard bands are part of a resource allocation
Agreement:
· For UL transmissions in a serving cell with carrier bandwidth greater than the LBT bandwidth, for the case where UE performs CCA before UL transmission, UE transmits on the UL only if CCA is successful at UE in all LBT bandwidths that overlap with the resource allocation for the UL transmission
· The UE is not expected to receive resource allocations in discontiguous LBT bandwidths within a wideband carrier
· This does not preclude such resource allocation in discontiguous LBT bandwidths being supported by specifications managed by RAN1 in Rel-16.

In this contribution, we provide our view on remaining issues regarding NR-U wideband operation. This contribution is a revision of R1-1910997.

Discussion
Bandwidth part configuration
In NR, the bandwidth part framework was introduced to support flexible and dynamic use of spectrum and low UE battery consumption. One or more bandwidth parts can be configured for DL and UL within a carrier bandwidth and their location is represented by the starting RB and the length (number of RBs). In addition, at least from RAN1 perspective the carrier bandwidth itself can also be flexibly configured under some RF requirements.
In unlicensed bands currently being considered (e.g., 5 GHz and 6 GHz), the degrees of freedom in the spectrum utilization is quite restricted compared to the licensed band operation due to regulatory requirements and coexistence with different RATs (e.g., Wi-Fi). As a result, it is not easy to allocate the spectrum for NR-U carrier as flexible as in Rel-15 NR. However, on the other hand, there may be unexpected NR-U deployment and service scenarios as well as newly identified unlicensed spectrum in the future, where the channelization issue is unknown and thus it may be possible to relax the CCA mechanism and the spectrum allocation. Therefore, to make the NR-U specification future-proof, the Rel-15 mechanism for carrier and bandwidth part configuration should be kept flexible in NR-U as well. The gNB is responsible for meeting the regulatory requirements by proper implementation.
Proposal 1: The NR Rel-15 mechanism for carrier and bandwidth part configuration is reused for NR-U.

LBT subband and guard band configuration
[bookmark: _GoBack]For NR-U wideband operation based on a single carrier, guard bands between LBT subbands (i.e., RB sets) are necessary at least in the beginning of a DL/UL burst in order to support transmission using any LBT subband combination under LBT uncertainty. In previous meetings in RAN1 and RAN4, it was agreed to support configuration of intra-band guard PRBs on a carrier. However, configuration details and behaviour regarding data channel transmission thereon are not determined yet.
Firstly, the relation between the guard bands and the LBT subbands needs to be clarified. Two options can be considered:
· Alt. 1: LBT subbands and intra-carrier guard bands are complementary to each other. A guard band is located between two LBT subbands. (Fig. 1(a))
· Alt. 2: LBT subbands are configured, and some PRBs constituting the LBT subbands (around edge) are configured as intra-carrier guard bands. (Fig. 1(b))



Fig. 1. Relation between guard bands and LBT subbands
In any case, UE should acknowledge the information to which LBT subband each guard PRB belongs in order for data channel transmission on guard PRBs to be enabled. Such relation is clear in Alt. 2 as illustrated in Fig. 1(b). However, in Alt. 1, such information needs to be additionally informed to UE. Moreover, if the guard PRBs are not part of the LBT subbands, there may be an additional impact on defining the set of usable PRBs for resource allocation.
Proposal 2: In a carrier, UE can be configured with LBT subbands, and some PRBs constituting the LBT subbands are configured as intra-carrier guard PRBs.
· Each LBT subband consists of physically consecutive PRBs within a carrier.
· When LBT subbands are configured, every PRB in a carrier belongs to one and only one LBT subband.

Per-carrier or per-bandwidth part configuration can be considered for intra-carrier guard bands and LBT subbands. It seems that there is no expected benefit of supporting per-bandwidth part configuration. Considering the RRC signalling overhead, per-carrier (and per subcarrier spacing) configuration may be appropriate. Their location can be commonly applied to each bandwidth part belonging to the carrier. In addition, since the LBT subbands and the guard bands are confined within a carrier, their signalling can be based on PRB indexing rather than CRB indexing, since the latter requires larger information size.
Proposal 3: Intra-carrier guard bands and LBT subbands are configured per carrier and per subcarrier spacing, and their location is applied the same to each bandwidth part belonging to the carrier.

In our understanding, the RF filter adaptation time will be defined in RAN4 potentially as a UE capability. However, in general, the timing when the guard PRBs are turned on may be different from the filter adaptation time especially if it is defined as actual time (in ms). Therefore, the mechanism for UE to know that timing needs to be prepared on top of the RAN4 work. The turn-on timing can be defined relative to the beginning of a Tx burst or a COT. The scheduling complexity may be reduced if the timing is aligned with a slot boundary. The timing can be either predefined or configured by higher layer signalling.
Proposal 4: The timing from which the guard PRBs are available for data channel transmission can be defined relative to the beginning of a Tx burst or a COT, and can be either predefined or configured by gNB.

Another issue is potential scheduling restriction on guard PRBs in the beginning of a COT. For UL RA type 2, i.e., interlace allocation, there is no issue because the PRB ranges are not explicitly indicated but are determined by the interlace index. But for RA type 0/1, we have two options depending on whether the nominal resource allocation can include the guard PRBs or not.
· Opt. 1: Nominal resource allocation can include the guard PRBs, but they are not used for transmission.
· Opt. 2: UE doesn’t expect that guard PRBs are included in the allocated resource.
An expected consequence of applying Opt. 2 is that there would be a considerable amount of scheduling restriction especially for RA type 1 which is based on RIV and frequency hopping. The scheduling restriction may be avoided by defining another set of available PRBs for the beginning of a COT which excludes the guard PRBs, but having two PRB sets for resource allocation would result in additional specification impact. Thus, our view is that Opt. 1 is a simple and efficient approach to handle transmission of PDSCH and PUSCH in the beginning of a COT.
Proposal 5: In the beginning of a COT, UE doesn’t transmit or receive (e.g., puncture) data channel on guard PRBs even if they are allocated.

The LBT subband configuration may or may not be necessary depending on situation. For example, when the carrier bandwidth is not larger than 20 MHz, it is not needed. Other examples include future NR-U usage scenarios potentially with relaxed CCA and flexible bandwidth allocation and Rel-16 NR deployments in licensed spectrum. Considering different usage scenarios, the parameters related to LBT subbands should be introduced as optional.
Proposal 6: The parameters related to the LBT subband configuration are introduced as optional.

CORESET and search space set
In the last two meetings, RAN1 agreed to support an extension of frequency domain resource assignment of search space sets for NR-U wideband operation, i.e., the frequency location of a search space set can be different from the associated CORESET. There were arguments that further details including the RRC design aspects should be under RAN2 scope. However, from our understanding, a couple of issues still need to be addressed in RAN1. For example,
· Reference point of each frequency location for the CORESET and the search space set, e.g., first PRB of each LBT subband, CRB #0, first usable PRB in a carrier or a bandwidth part, a CORESET frequency location, etc.
· Granularity of each frequency location
· Whether or not to support the new feature in Rel-16 NR specification if LBT subbands are not configured (may not be a pure UE feature issue, e.g., may impact the signaling design)
· Applicability to CORESET #0 (if applied to CORESET #0, some clarification may be needed for PDCCH/PDSCH DM-RS reference point)
In particular, the first two bullet points were discussed in the last meeting. We think that it is beneficial that the 6 RB grid for CORESET is defined within each LBT subband. For example, the first PRB of each LBT subband (excluding guard PRBs) can be a reference point for the 6 RB grid in that LBT subband. This modified FD resource assignment can be enabled or disabled by RRC configuration. One benefit from the configurability is that gNB can choose between the modified FD resource configuration and the legacy Rel-15 configuration depending on situation, e.g., depending on whether the LBT subbands are configured or not.
Proposal 7: Introduce a new RRC parameter for frequency domain resource configuration of CORESET and search space set based on the 6 RB grid defined within each LBT subband.

Occupied LBT subbands indication
In the last meetings, it was agreed to use GC-PDCCH for indication of gNB’s LBT subband occupancy. A remaining issue is whether and how to support the mechanism at the beginning of a DL burst. To transmit GC-PDCCH in the beginning of a COT, the GC-PDCCH should be pre-processed before LBT success. However, due to LBT uncertainty, it is difficult to pre-determine the frequency channel occupancy information, i.e., a bitmap of length L (number of LBT subbands). In this section, one solution to resolve the problem is presented.
Fig. 2 describes an example of the frequency channel occupancy indication. A bandwidth part consists of L=3 LBT subbands, and gNB passes the LBT in all the 3 LBT subbands in the middle of slot n. GC-PDCCH is configured to deliver the channel occupancy information. As depicted in Fig. 2, the GC-PDCCH can be transmitted in the beginning of a COT and in the middle of a COT.



Fig. 2. An example of occupied LBT subbands indication (‘red’: GC-PDCCH)

[bookmark: _Hlk16691053]When the GC-PDCCH is transmitted in the beginning of a COT, the GC-PDCCH can be transmitted per LBT subband and each GC-PDCCH can include information that only the respective LBT subband is available. Since this information is independent of the LBT outcome, the GC-PDCCHs can be prepared in advance. For example, as shown in Fig. 2, the GC-PDCCH in the 2nd LBT subband can include ‘010’ meaning only the 2nd LBT subband is ‘on’, and the GC-PDCCH of the 3rd LBT subband can include ‘001’ meaning only the 3rd LBT subband is ‘on’.
UE can perform the GC-PDCCH monitoring in each LBT subband. In Fig. 2, UE successfully receives 2 GC-PDCCHs in the 2nd and the 3rd LBT subbands and fails to detect it in the 1st LBT subband in the beginning of the COT. Then, if multiple GC-PDCCHs are detected at the same time, UE can perform ‘OR’ operation across the multiple bitmaps and the resulting bitmap can be used to interpret the frequency channel occupancy. In this example, UE acquires ‘010’ and ‘001’ from the 2nd and the 3rd LBT subband, respectively, and performs ‘OR’ operation to derive ‘011’, from which the UE assumes the 2nd and the 3rd LBT subbands are available.
In such manner, the channel occupancy information can be explicitly delivered to UE even in the beginning of a COT. Simultaneously, the size of GC-PDCCH contents can be kept consistent irrespective of when it is transmitted.
On the other hand, when the GC-PDCCH is transmitted in the middle of a COT, there is no need of pre-processing. Thus, the GC-PDCCH can be transmitted as gNB desires, at any time and with any number of transmissions as long as it is transmitted where UE minotors it. In Fig. 2, gNB transmits a GC-PDCCH containing ‘111’ in slot n+3 on the 3rd LBT subband. The UE receiving the GC-PDCCH assumes all the 3 LBT subbands are occupied.
Observation 1: The GC-PDCCH including frequency channel occupancy information can be successfully transmitted both in the beginning of a COT and in the middle of a COT.
Proposal 8: One or multiple GC-PDCCHs can be transmitted at the same time for frequency channel occupancy information. If multiple bitmaps from multiple GC-PDCCHs are detected at the same time, UE applies ‘OR’ operation across them.

When GC-PDCCH is not configured, e.g., during initial access procedure, implementation-based solution can be applied for the Tx bandwidth recognition. For example, UE may perform DL burst detection in each LBT subband to recognize the bandwidth occupancy using DMRS and/or PDCCH reception. If signal for DL burst detection (i.e., initial signal) is introduced, it can be used on a subband basis.
Proposal 9: When GC-PDCCH is not configured, UE may perform DL burst detection in each LBT subband by implementation to recognize Tx bandwidth occupancy (UE perspective).

Tx bandwidth adaptation in the middle of a COT
In a gNB-initiated COT, once the Tx bandwidth is determined in the beginning of a DL burst, then it cannot be changed (at least cannot be increased) during the whole DL burst duration unless multiple RF chains are used. On the other hand, in the study item phase, it was agreed that NR-U supports single and multiple DL-to-UL and UL-to-DL switching points within a shared gNB COT. This feature should be generally supported irrespective of the bandwidth part size. When gNB allocates a UL duration in the middle of a COT, the gNB can perform LBT as well as UL signal reception in the UL duration. Therefore, when the bandwidth part consists of multiple LBT subbands, depending on the LBT outcome, the Tx bandwidth can be adjusted in the next DL burst transmission. If the LBT passes in additional subband(s), the Tx bandwidth can be expanded in the middle of a COT as shown in Fig. 3(a), and may be reduced in the opposite case as shown in Fig. 3(b). To improve the NR-U network and UPT performance, this functionality is considered to be essential for NR-U wideband operation.
Proposal 10: Discuss Tx bandwidth adaptation (on/off of some LBT subbands) in the middle of a COT for NR-U wideband operation.



Fig. 3. Tx bandwidth adaptation in the middle of a COT: (a) bandwidth expansion, (b) bandwidth reduction

In the DL wideband operation, UE may detect a DL burst only in partial LBT subband(s). In an example of Fig. 4, UE successfully detects a DL burst in the 2nd subband but not in the 1st subband in slot n. Since gNB does not know that UE miss-detected the DL burst in the 1st subband, it may schedule to the UE a PDSCH on both subbands in slot n+2. For that scheduling, it is natural that UE follows the instruction and receives the PDSCH in both LBT subbands. But a question is whether or not UE assumes the 1st subband is available in the subsequent slots, i.e., slot n+3, n+4, etc. In other words, it is not clear whether Tx bandwidth (from UE perspective) can be indicated based on DL assignment, which is believed to be an essential issue for basic DL wideband operation. It would be beneficial that UE assumes the subband is valid until the COT ending time if UE is informed of the COT ending time (from COT structure indication).
Proposal 11: Discuss a UE behaviour when UE is scheduled with a PDSCH outside the LBT subband(s) it currently assumes as available.



Fig.4. Tx bandwidth indication based on DL assignment

Conclusion
In this contribution, we discuss remaining issues on NR-U wideband operation, from which the following observation and proposals are drawn:
Proposal 1: The NR Rel-15 mechanism for carrier and bandwidth part configuration is reused for NR-U.
Proposal 2: In a carrier, UE can be configured with LBT subbands, and some PRBs constituting the LBT subbands are configured as intra-carrier guard PRBs.
· Each LBT subband consists of physically consecutive PRBs within a carrier.
· When LBT subbands are configured, every PRB in a carrier belongs to one and only one LBT subband.
Proposal 3: Intra-carrier guard bands and LBT subbands are configured per carrier and per subcarrier spacing, and their location is applied the same to each bandwidth part belonging to the carrier.
Proposal 4: The timing from which the guard PRBs are available for data channel transmission can be defined relative to the beginning of a Tx burst or a COT, and can be either predefined or configured by gNB.
Proposal 5: In the beginning of a COT, UE doesn’t transmit or receive (e.g., puncture) data channel on guard PRBs even if they are allocated.
Proposal 6: The parameters related to the LBT subband configuration are introduced as optional.
Proposal 7: Introduce a new RRC parameter for frequency domain resource configuration of CORESET and search space set based on the 6 RB grid defined within each LBT subband.
Observation 1: The GC-PDCCH including frequency channel occupancy information can be successfully transmitted both in the beginning of a COT and in the middle of a COT.
Proposal 8: One or multiple GC-PDCCHs can be transmitted at the same time for frequency channel occupancy information. If multiple bitmaps from multiple GC-PDCCHs are detected at the same time, UE applies ‘OR’ operation across them.
Proposal 9: When GC-PDCCH is not configured, UE may perform DL burst detection in each LBT subband by implementation to recognize Tx bandwidth occupancy (UE perspective).
Proposal 10: Discuss Tx bandwidth adaptation (on/off of some LBT subbands) in the middle of a COT for NR-U wideband operation.
Proposal 11: Discuss a UE behaviour when UE is scheduled with a PDSCH outside the LBT subband(s) it currently assumes as available.
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