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Introduction
In RAN1 #98bis meeting, the following agreements were drawn regarding DL signals and channels for NR-U [1]:
Agreement:
Add a COT duration bit-field per serving cell in GC-PDCCH, i.e., DCI format 2_0
· The following are configurable by RRC:
· Presence of this bit-field
· [bookmark: _GoBack]Location of this bit-field in the DCI
· Length of this bit-field in the DCI 
· FFS: Whether a single value will suffice in which case, the length is not configurable
· Encoding of the bit field value, i.e., what COT duration corresponds to which bit-field value
· If a UE receives this bit-field, it applies the knowledge about end-of-COT at least for the purpose of UL transmission LBT category switching in a gNB-acquired COT
· If this field is not present, UE should use SFI indication to determine end-of-COT (if SFI is available)
· FFS: details for this SFI-based mechanism
· FFS: Whether the duration is encoded as e.g., total length or remaining length.
· FFS: Granularity the signalled duration
Agreement:
· A UE can be provided with at least two groups (FFS: more than two groups) of search space sets for PDCCH. The UE can be configured to switch between the groups, indicated based on at least the following alternatives.
· Alt 1: implicitly e.g. after detection of [FFS: DL burst, (WB-)DM-RS, GC-PDCCH and/or PDCCH] and/or e.g., based on information on COT structure.
· Alt 2: explicitly in GC-PDCCH and/or PDCCH
· Search space sets that are not part of the configured groups (e.g., a common search space set) will always be monitored by the UE regardless of the search space set indication
· A single search space set can be part of more than one group.
· It is up to RAN2 to optimize the signalling to minimize overhead.

[bookmark: _Hlk23925936]In this contribution, we discuss remaining issues on DL signals and channels for NR-U which are considered to be essential. This contribution is a revision of R1-1910995.

Discussion
Dynamic PDCCH monitoring
As captured in Section 1, it was agreed in RAN1 #98bis to support dynamic change of PDCCH monitoring behaviour between two groups of search space sets (i.e., 1st group and 2nd group) as a necessary UE power saving mechanism as captured in Section 1. Yet it is not clear exactly when the monitoring change should occur, and two interpretations are available about the issue:
· Opt. 1: UE changes the monitoring at the moment of DL burst detection (i.e., from the first symbol of the DL burst).
· Opt. 2: UE changes the monitoring after a certain duration from the moment of DL burst detection, e.g., at the first slot boundary.
It seems that only the second option is available for Alt. 2 (in the same agreement), however, for Alt. 1 both interpretations are possible. In our view, in order to achieve a meaningful UE power saving gain, both options should be allowed simultaneously. In other words, UE can monitor PDCCH based on three groups of search space sets depending on DL burst detection:
· 1st group of search space sets for outside a DL burst (Phase A)
· 2nd group of search space sets for beginning of a DL burst (Phase B)
· 3rd group of search space sets for the remaining part of a DL burst (Phase C)
Transition from Phase A to B can be indicated based on Alt. 1, and transition from Phase B to C can be indicated by Alt. 2. In Alt. 2, it is clear that GC-PDCCH can be used to “explicitly” indicate the phase transition point, but it is not clear how it can be done by PDCCH. Thus, “and/or PDCCH” can be removed in Alt. 2 if not clarified.
A further discussion point for Alt. 1 is that which signal/channel to use for the implicit indication. To make a difference in the amount of the PDCCH BD attempts between before and after the detection, the detection of a certain signal/channel should be specified as a condition for the phase transition. In our view, the GC-PDCCH with CRC is an appropriate choice because it guarantees extremely high reliability and is likely to be essentially transmitted for other purposes as well, i.e., indication of slot structure, COT duration, and occupied LBT subbands, and many relevant UE behaviours. Moreover, the GC-PDCCH can be used for DL burst detection. Section 2.4 discusses how to transmit the GC-PDCCH in the beginning of a DL burst.
Proposal 1: A UE can be configured with up to three groups of search space sets for PDCCH monitoring.
· 1st group is applied to outside a DL burst, 2nd group is applied to the beginning of a DL burst, and 3rd group is applied to the remaining of a DL burst.
· Switch from 1st to 2nd group is implicitly indicated by DL burst detection which is based on GC-PDCCH reception.
· Switch from 2nd to 3rd group is explicitly indicated by GC-PDCCH contents.
· FFS: Default timing when there is no explicit indication
· FFS: Switch from Phase C to A, or Phase C to B

In the TR, it was captured that NR-U supports multiple DL-to-UL and UL-to-DL switching points within a shared gNB COT. Therefore, a COT can include multiple DL bursts with a UL part or a paused duration in between. In this case, two interpretations can be considered with the phase transition for dynamic PDCCH monitoring:
· Alt. 1: Three phases per COT (e.g., Phase A-B-C within a COT as shown in Fig. 1(a))
· Alt. 2: Three (or two) phases per each DL burst (e.g., Phase A-B-C-A/B-C within a COT, 1st B-C for 1st DL burst and 2nd B-C for 2nd DL burst, as shown in Fig. 1(b))
Alt. 1 is simpler but ending position of a UL burst or a paused duration may not be flexible. Thus, if the flexibility in the location of the UL or paused duration is considered important, it may be desirable to apply the dynamic PDCCH monitoring for each DL burst.
Proposal 2: To clarify the dynamic PDCCH monitoring behaviour when there are multiple DL bursts within a COT, e.g., whether and how to define Phase C to B transition.



Fig. 1. Dynamic PDCCH monitoring for two DL burst in a COT: (a) Alt. 1, (b) Alt. 2

On the other hand, UE may also perform PDCCH monitoring in UE-initiated COT if it is shared to gNB for DL transmission. Basically, this phase can be treated as similar to Phase B or Phase C although it belongs to Phase A according to the above classification. Details of this issue (including the need of a special treatment for this case) can be further discussed, by taking the configured grant UL aspects into account.
Proposal 3: Consider PDCCH monitoring in a DL duration of a UE-initiated COT.

COT duration indication
According to the agreement in RAN1 #98bis, NR-U will support COT duration indication via GC-PDCCH, and DCI format 2_0 will be used for this purpose. There are two purposes of indicating the COT duration. One is to inform the end-of-COT to UE, and the other is to reduce the SFI signalling overhead. Both can be achieved by indicating the remaining length of the COT, i.e., knowing the total length may not be helpful to UE.
The end-of-COT can be any symbol of a slot. Therefore, the information of the COT duration may consist of the number of remaining slots and the number of symbols for the last (partial) slot. The slot where the DCI format 2_0 is transmitted can be regarded as the first slot.
Proposal 4: The COT duration information consists of the number of remaining slots and the number of symbols for the last (partial) slot of a COT.

If the COT duration field is absent, the last symbol (i.e., ending symbol of the last slot) in the SFI indication can be regarded as the end-of-COT. That is, it is proposed to support partial ending slot only when the COT duration field is present, which seems to provide sufficient flexibility. In our view, neither semi-static nor dynamic UL/DL configuration is much much beneficial in NR-U. Therefore, the presence of the SFI field in DCI format 2_0 needs to be optional in NR-U, and the COT duration indication without SFI needs to be supported.
Proposal 5: If the COT duration field is absent, the COT ending time is the last symbol (i.e., ending symbol of the last slot) in the SFI indication.
Proposal 6: SFI field in DCI format 2_0 is optional in NR-U.

Channel occupancy indication
In the last meetings, 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 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 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. 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 frequency channel occupancy indication (‘red’: GC-PDCCH)

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). Here is one solution to resolve the problem.
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. 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 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. 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 7: 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 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.
Proposal 8: 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).

Conclusion
In this contribution, we discuss remaining issues on DL signals and channels for NR-U. From the discussion, the following observation and proposals are drawn:
Proposal 1: A UE can be configured with up to three groups of search space sets for PDCCH monitoring.
· 1st group is applied to outside a DL burst, 2nd group is applied to the beginning of a DL burst, and 3rd group is applied to the remaining of a DL burst.
· Switch from 1st to 2nd group is implicitly indicated by DL burst detection which is based on GC-PDCCH reception.
· Switch from 2nd to 3rd group is explicitly indicated by GC-PDCCH contents.
· FFS: Default timing when there is no explicit indication
· FFS: Switch from Phase C to A, or Phase C to B
Proposal 2: To clarify the dynamic PDCCH monitoring behaviour when there are multiple DL bursts within a COT, e.g., whether and how to define Phase C to B transition.
Proposal 3: Consider PDCCH monitoring in a DL duration of a UE-initiated COT.
Proposal 4: The COT duration information consists of the number of remaining slots and the number of symbols for the last (partial) slot of a COT.
Proposal 5: If the COT duration field is absent, the COT ending time is the last symbol (i.e., ending symbol of the last slot) in the SFI indication.
Proposal 6: SFI field in DCI format 2_0 is optional in NR-U.
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 7: 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 8: 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).
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