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Introduction
In RAN1 #96bis and #97, the following agreements were drawn for NR-U wideband operation [1, 2]:
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
Agreement:
When GC-PDCCH is configured, explicit indication via GC-PDCCH is supported as a mechanism to inform the UE that one or more carriers and/or LBT bandwidths are not available or available for DL reception, at least for slot(s) that are not at the beginning of DL transmission burst.
· FFS: Signalling details of the indication, including e.g., the time domain validity of the indication
· FFS: Whether and how to support the mechanism at the beginning of DL transmission burst
· FFS: Whether and how to handle the case when GC-PDCCH is not configured or not received by the UE
Conclusion:
A UE can receive a PDSCH scheduled within an LBT bandwidth or over multiple LBT bandwidths as per Rel-15 and current agreements in Rel-16.

This contribution discusses present issues regarding wideband operation in NR-U, focusing on Tx bandwidth occupancy indication, CORESET configuration, guard band configuration/activation, and Tx bandwidth adaptation. This contribution is a revision of R1-1907036.

Discussion
Tx bandwidth occupancy indication
In the last meeting, it was agreed to use GC-PDCCH for indication of gNB’s Tx bandwidth occupancy. A remaining issue is whether and how to support the mechanism at the beginning of 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, e.g., bitmap of length L (number of LBT subbands). In this section, one solution to resolve the problem is presented.
Fig. 1 describes an example of the frequency channel occupancy indication. A bandwidth part consists of L=3 LBT subbands, and gNB passes LBT in all the 3 LBT subband in the middle of slot n. GC-PDCCH is configured to deliver the channel occupancy information. As depicted in Fig. 1, the GC-PDCCH can be transmitted in the beginning of a COT and in the middle of a COT.



Fig. 1. An example of frequency channel occupancy 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 its own LBT subband is occupied. Since this information is independent of the LBT outcome, the GC-PDCCHs can be prepared in advance. For example, as shown in Fig. 1, 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. 1, UE successfully receives 2 GC-PDCCHs in the 2nd and the 3rd LBT subband 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 that gNB occupied the 2nd and the 3rd LBT subband.
In such manner, the channel occupancy information can be explicitly delivered to UE even in the beginning of a COT. Moreover, the size of GC-PDCCH contents, e.g., the size of DCI format 2_0, 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. 1, 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: 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 1: Frequency channel occupancy information is represented by a bitmap, each bit indicating on/off of each LBT subband. If multiple bitmaps are detected from multiple GC-PDCCHs 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 Tx 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.
Regarding the relation with COT structure indication, refer to our companion contribution [3].
Proposal 2: 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).

CORESET configuration
Due to uncertainty of per-subband LBT outcome, it is beneficial in NR-U that each PDCCH candidate is configured within a LBT subband. There are two approaches to guarantee this:
· Alt. 1: CORESET configured to be confined within a LBT subband
· Alt. 2: PDCCH candidate configured to be confined within a LBT subband while the CORESET can be configured across LBT subbands
In our understanding, while the two alternatives achieve the same goal, additional benefit from Alt. 2 is not clear. Alt. 1 is much simpler because it only needs to increase the maximum number of CORESETs per bandwidth part.
If there is a concern on UE implementation burden (i.e., UE capability) due to increased number of CORESETs, it can be considered to put some constraint on the CORESET configuration. For example, some CORESET parameters, such as DMRS initialization, duration, CCE-REG mapping, TCI parameters, and precoder granularity, may not need to be different across CORESETs configured for different LBT subbands. In principle, all parameters except the frequency domain resource allocation can be shared by the multiple CORESETs in NR-U. A search space can also be shared by the multiple CORESETs. To support this, a joint configuration of multiple CORESETs or a CORESET group can be considered. This approach may also reduce the RRC overhead. Such restriction eventually makes Alt. 1 similar to Alt. 2, but a key difference is that Alt. 1 can totally reuse the PDCCH mapping rule of Rel-15 NR.
Proposal 3: Support X>3 number of CORESETs in one bandwidth part in NR-U, where each CORESET is configured to be confined within a LBT subband.
Proposal 4: Support parameter sharing among multiple CORESETs for different LBT subbands in NR-U. Consider a joint configuration of multiple CORESETs or a concept of CORESET grouping.

Guard band configuration & activation
For NR-U operation in a wideband carrier, a guard band is required between two adjacent LBT subbands to protect the LBT operation and preserve the receiver performance from potential in-carrier leakage [4]. From RAN4 perspective, some requirements for guard band may be specified, e.g., minimum bandwidth and absolute frequency location, depending on LBT bandwidths.
On the other hand, in our understanding the guard bands should be a part of a bandwidth part and allocated on a CRB grid in RAN1 discussion (as shown in Fig. 2). Each guard band may consist of a set of contiguous PRBs. Moreover, a signalling method to inform UE of the guard band information is needed. One option is to signal the location of each guard band (e.g., starting PRB and length) as a part of bandwidth part configuration, from which UE may determine locations of both the guard bands and the LBT subbands. Alternatively, the location of each LBT subband can be configured as a bandwidth part configuration, from which UE can also find locations of both. How to meet RAN4 requirements on guard bands (if exist) may be a gNB implementation issue. For example, gNB may configure a bandwidth part such that the RAN4 guard bands (requirement) are included in the RAN1 guard bands (actual allocation).
Proposal 5: The size and the location of guard band(s) between the LBT subbands (or alternatively the size and the location of each LBT subband) in a bandwidth part can be configured to UE in unit of a PRB as a part of the bandwidth part configuration.



Fig. 2. An example of bandwidth part (guard band) configuration for NR-U (with 4 LBT subbands)

When two adjacent LBT subbands are occupied at the same time, the guard band in-between can be used for data transmission (simply called as ‘activated’). However, the guard band may not be utilized in the beginning of a DL burst due to per-subband RF filtering to handle potential inter-subband interference. Therefore, the guard band should be activated at some point in the middle of a DL burst as shown in Fig. 3. The guard band activation timing (t2 in Fig. 3) can be predefined, e.g., boundary of the 1st and the 2nd slot, or determined by gNB configuration. Different UEs may have different capabilities of filter adaptation time. In this case, the guard band activation timing can be a UE-specific configuration. If the guard band is activated during a DL burst duration, there should be a scheduling restriction that a PDSCH belongs to either before or after the activating timing (t2), not to both periods, as illustrated in Fig. 3. In the two periods UE may assume different sets of PRBs (with or without guard PRBs) for resource allocation.
Proposal 6: UE can be configured with guard band activation timing from which data channel can be allocated relative to the beginning of a DL/UL burst or a COT.



Fig. 3. An example of guard band activation, i.e., data transmission on guard band

Tx bandwidth adaptation within 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. 4(a), and may be reduced in the opposite case as shown in Fig. 4(b). To improve the NR-U network and UPT performance, this functionality is considered to be essential for NR-U wideband operation.
Proposal 7: Tx bandwidth adaptation in the middle of a COT is discussed as a part of NR-U wideband operation.



Fig. 4. Tx bandwidth adaptation in the middle of a COT: (a) bandwidth expansion, (b) bandwidth reduction

In DL wideband case, UE may detect a DL burst only in partial LBT subband(s). In an example of Fig. 5, UE successfully detects a DL burst in the 2nd subband but not in the 1st subband in slot n. Generally, gNB may not know the UE’s Tx bandwidth assumption. It may schedule to the UE a PDSCH on both subbands in slot n+2. In such case, it is natural that UE follows the scheduling instruction and receives the PDSCH in both LBT subbands. Then, a following 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, whether Tx bandwidth (from UE perspective) can be indicated based on DL assignment needs to be decided. This issue is believed to be essential for basic DL wideband operation and needs a conclusion. One option is, UE may assume that the subband is valid until the COT ending time only if UE knows the COT ending time (from COT structure indication).
[bookmark: _GoBack]Proposal 8: Discuss a UE behaviour when UE is scheduled with a PDSCH outside the Tx bandwidth it currently assumes.



Fig. 5. Tx bandwidth indication based on DL assignment

Conclusion
In this contribution, we discuss several issues on NR-U wideband operation, from which the following observation and proposals are drawn:
Observation 1: 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 1: Frequency channel occupancy information is represented by a bitmap, each bit indicating on/off of each LBT subband. If multiple bitmaps are detected from multiple GC-PDCCHs at the same time, UE applies ‘OR’ operation across them.
Proposal 2: 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 3: Support X>3 number of CORESETs in one bandwidth part in NR-U, where each CORESET is configured to be confined within a LBT subband.
Proposal 4: Support parameter sharing among multiple CORESETs for different LBT subbands in NR-U. Consider a joint configuration of multiple CORESETs or a concept of CORESET grouping.
Proposal 5: The size and the location of guard band(s) between the LBT subbands (or alternatively the size and the location of each LBT subband) in a bandwidth part can be configured to UE in unit of a PRB as a part of the bandwidth part configuration.
Proposal 6: UE can be configured with guard band activation timing from which data channel can be allocated relative to the beginning of a DL/UL burst or a COT.
Proposal 7: Tx bandwidth adaptation in the middle of a COT is discussed as a part of NR-U wideband operation.
Proposal 8: Discuss a UE behaviour when UE is scheduled with a PDSCH outside the Tx bandwidth it currently assumes.
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