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Introduction
[bookmark: _Hlk510705081]The work item on supporting NR from 52.6 GHz to 71 GHz was approved at RAN#90-e (see a later revision in [1]). Before that, 3GPP carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz [2]. This contribution deals with the following objectives of the WID:
· Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.

The following agreement was made in RAN1 #106bis-e:

Agreement:
· Multi-slot PDCCH monitoring is based on slots within a slot group
· Each slot group consists of X consecutive slots
· Slot groups are consecutive and non-overlapping
· The start of the first slot group in a subframe is aligned with the subframe boundary
· The start of each slot group is aligned with a slot boundary
· Reporting the BD/CCE budget for X=4/8 slots (for 480/960 kHz resp.) is mandatory (if UE supports the corresponding SCS), and is optional for X=[2]/4 slots (for 480/960 kHz resp.)
· There is a common BD budget for all search spaces
· FFS: Search space configuration
· For Group (1) SS
· A SS is configured to be within YGroup1 consecutive slots within a slot group of X slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is based on a time offset within the slot group based on slot index n0 determined for Group (2) monitoring such that the YGroup1 slots overlap the YGroup2 slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· BD attempts for all Group (1) SSs are restricted to fall within the same YGroup1 consecutive slots
· For Group (2) SS
· A SS is configured to be within YGroup2 consecutive slots within a slot group of X slots
· The location of the YGroup2 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· The reported capability indicates the BD/CCE budget within Y=max(YGroup1, 2) slots per slot group
· Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2), (1,[1 or 2])
· For X=4: (YGroup1,YGroup2) = (2,2), (1,[1 or 2])
· For X=2: (YGroup1,YGroup2) = (1,[1 or 2])
· Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
· Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS





Blind decoding capability
Taking into account agreements made until now, the following has been agreed: 
· A UE supporting 480 kHz SCS supports multi-slot PDCCH monitoring for 480 kHz SCS.
· A UE supporting 960 kHz SCS supports multi-slot PDCCH monitoring for 960 kHz SCS.
· FFS: whether to apply multi-slot PDCCH monitoring at all times and for all search spaces.
· For reporting the multi-slot PDCCH monitoring capability, at least the following values are supported:
· X=4 slots for SCS 480 kHz
· X=8 slots for SCS 960 kHz
· Reporting the BD/CCE budget for X=4/8 slots (for 480/960 kHz resp.) is mandatory (if UE supports the corresponding SCS), and is optional for X=[2]/4 slots (for 480/960 kHz resp.)

Based on the discussion in RAN1 #106bis-e, we expect that there is only limited support for additional values of X (including X=1). This means that UE operating according to 480/960 kHz SCS will apply multi-slot PDCCH monitoring at all times and for all search spaces. 

Observation 1: UE operating according to 480/960 kHz SCS will apply multi-slot PDCCH monitoring at all times and for all search spaces.

Proposal 1: Remove the square brackets from the following agreement made in RAN1 #106bis-e: 
· Reporting the BD/CCE budget for X=4/8 slots (for 480/960 kHz resp.) is mandatory (if UE supports the corresponding SCS), and is optional for X=[2]/4 slots (for 480/960 kHz resp.)

Multi-slot PDCCH monitoring capability definition
Based on the agreement made in RAN1 #106bis, fixed pattern of slot groups is used as the baseline to define the new capability for BD/CCE budget. We think that the next step would be to remove “FFS” from the agreement, i.e. confirm tha agreement as a whole. 

Proposal 2: Remove the FFS from the agreement made in RAN1 #106bis-e, i.e. confirm the agreement as a whole 
Agreement:
· Multi-slot PDCCH monitoring is based on slots within a slot group
· […]
· There is a common BD budget for all search spaces
· FFS: Search space configuration
· […].

The remaining issues are:
· How to determine locations for YGroup1 and YGroup2 in different scenarions involving different parameter settings (X, YGroup1, YGroup2)
· How to adapt the locations of YGroup1 and YGroup2 when UE moves in the cell and switches beams?
· What are the exact values supported for YGroup1 and YGroup2 ?
· What are the exact values for BD / CCE budgets in different scenarios (Section 4)?


Location of YGroup2
The agreement made in RAN1 #106bis-e (behind FFS) states that “the location of the YGroup2 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)”. In order to support n0 changes, it makes sense to define the location of YGroup2 based on the (two) slots containing Type0_PDCCH. 
· Before the RRC connection establishment, the location YGroup2 follows the strongest beam, i.e. the SSB beam/index selected in the initial access procedure (and the associated Type0-PDCCH).
· When the RRC connection has been established, the location of YGroup2 follows the TCI state adjustment for the CORESET (e.g. CORESET#0) to which CSS is/are associated.

Proposal 3: YGroup2 within a slot group overlaps with the (two) slots containing Type0_PDCCH


Location of YGroup1
In order to avoid back-to-back monitoring, it makes sense to determine the location of YGroup1 based on the location of YGroup2. To be more accurate, we propose that the location for YGroup1 is selected among the candidate locations fully overlapping with YGroup2.

Proposal 4: Location of YGroup1 is selected among the candidate locations fully overlapping with YGroup2

Figure 1 shows the possible locations for (YGroup1, YGroup2) for different values of X. It covers all the combinatins captured in the RAN1 #106bis-e agreement.
· Orange colour shows the size and the location of slot group having a duration of X slots
· Blue colour shows the possible locations for YGroup2 available for Group (2) SSs
· Letters A, B, C, .. are used as identifiers for the locations
· Yellow shows the possible locations for YGroup1 available for Group (1) SSs
· Green numbers (0, 1, 2, …) are used as identifies for thesese locations (=offset)
· Each possible location/offset includes the identifiers of the locations overlapping with YGroup2. These are the valid locations for YGroup1 with given locations for YGroup2.

UE and gNB should have common understanding on which candidate location for YGroup1 to select in different scenarios. Therefore, there is a need for defining the rules for which candidate location for YGroup1 to apply:
· When a UE starts monitoring Group (1) SS, it can determine the location for YGroup1 based on a configurable offset, given as part of the UE SS configuration (along with X).
· The UE needs to re-evaluate the validity of location for YGroup1 when the location of YGroup2 changes, i.e. whether YGroup1 and YGroup2 overlap fully
· When a new location for YGroup1 is needed, it can be selected e.g. according to the location with the smallest offset

Proposal 5: UE needs to re-evaluate the validity of location for YGroup1 (i.e. overlap with YGroup2) when the location of YGroup2 changes:
· When a new location for YGroup1 is needed, it can be selected e.g. according to the smallest offset that results in full overlap between YGroup1 and YGroup2 .


[image: ]
Figure 1. Candidate locations for Ygroup1 (yellow) and Ygroup2 (blue).

Valid combinations of YGroup1, YGroup2
RAN1 #106bis-e made a tentative agreement for combinations of YGroup1 and YGroup2. 
· Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2), (1,[1 or 2])
· For X=4: (YGroup1,YGroup2) = (2,2), (1,[1 or 2])
· For X=2: (YGroup1,YGroup2) = (1,[1 or 2])
The candidate locations are illustrated in Figure 1.

In order to avoid reduction in scheduling flexibility for CSS, we think that YGroup2 = 2 should always be used. This means that the tentative agreement made in RAN1 #106bis-e would reduce to the following:  
·  Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2), (1,2)
· For X=4: (YGroup1,YGroup2) = (2,2), (1,2)
· For X=2: (YGroup1,YGroup2) = (1,2)
Further simplification could be achieved by getting rid of (1,2) for cases with X=4 and X=8. We think that these optional cases would not require separate capabilities (i.e. it’s enough to have (2,2) in these these scenarios).

It can be noted that in back-to-back issue is completely solved for cases with X=8, X=4. In other words, all the monitoring occasions are always within X/2 slots of the slot group. This is not the case with (X, YGroup1,YGroup2) = (2, 1, 2). However, we think that this is not a problem:   
· It has been agreed already that “Reporting the BD/CCE budget […] is optional for X=[2]/4 slots (for 480/960 kHz resp.)
· We think that the added burden of monitoring outside of YGroup1 slots in this scenario is very small, and can be taken into account when deciding on the exact numbers of BDs and CCEs (see Section 4).
Based on the discussion above, we make the following proposal:
Proposal 6: Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2)
· For X=4: (YGroup1,YGroup2) = (2,2)
· For X=2: (YGroup1,YGroup2) = (1,2).

BD/CCE budget
When considering numerical values for the maximum number of PDCCH candidates and the maximum number of non-overlapping CCEs, we think that the existing capabilities defined for 120 kHz SCS could be used as the (min) UE capability, i.e.
· 20 PDCCH candidates per 120 kHz SCS slot duration
· 32 non-overlapped CCEs per 120 kHz SCS slot duration.

Based on that, (20 BDs, 32 CCEs) should be supported in at least the most relaxed multi-slot PDCCH scenarios:
· (X, YGroup1,YGroup2) = (8,1,2), (8,2,2), (4,1,2)

For other multi-slot PDCCH scenarios [(X, YGroup1,YGroup2) = (8,4,2), (4,2,2), (2,1,2)], we are open to consider reduced values, e.g. [10 BDs, 16 CCEs].


Proposal 7: For the cases with (X, YGroup1,YGroup2) = (8,2,2), (8,1,2), (4,1,2)
· support 20 PDCCH candidates per max(YGroup1,YGroup2)
· support 32 non-overlapped CCEs per max(YGroup1,YGroup2).
Proposal 8: For the cases with (X, YGroup1,YGroup2) = (8,4,2), (4,2,2), (2,1,2)
· support [at least 10] PDCCH candidates per max(YGroup1,YGroup2)
· support [at least 16] non-overlapped CCEs per max(YGroup1,YGroup2).
Spatial relation management for GC-PDCCH
One more issue related to DL control seems to be operation of DCI format 2_0 in a beam based system. In Rel. 15, DCI format 2_0 contained only SFI, and from SFI point of view, UL and DL direction is clearly beam agnostic due to strong self-coupling between different panels. On the other hand, in R16 DCI format 2_0 contains also other information, such as COT or SS-group switching trigger, RB-sets. Any of these pieces of information could become beam dependent. However, support for beam-dependent configurations of DCI format 2_0 is not possible in FR2 currently. Although a UE can be indicated a change of active-TCI, DCI format 2_0 PDCCH candidates and, payload location remains the same and thus cannot be beam specific.
   
Observation 2: GC-PDCCH is an essential part of unlicensed band system, and there seems to be a need to support beam-dependent information, particularly if some form of directional LBT is chosen as coexistence mechanism.

In addition, for 480kHz and 960kHz SCS, the beam agnostic SFI becomes lengthy and thus leads to increased configuration overheads. Moreover, for 5ms COT and 960kHz the SFI may become as long as 320 slots that exceeds the legacy format limit of 256 slots, so SFI cannot be made with a single DCI 2_0 message in the beginning of the COT with current FR2 signalling. Hence, support for improved SFI format in DCI 2_0 is desired.

Proposal 9: Changes to DCI format 2_0 may be beneficial for at least unlicensed 60GHz NR operation. 

Conclusion
In this contribution we have discussed the PDCCH monitoring enhancements to support operation between 52.6 GHz and 71 GHz. Based on the discussion we make the following observations and proposals: 

Observation 1: UE operating according to 480/960 kHz SCS will apply multi-slot PDCCH monitoring at all times and for all search spaces.

Proposal 1: Remove the square brackets from the following agreement made in RAN1 #106bis-e: 
· Reporting the BD/CCE budget for X=4/8 slots (for 480/960 kHz resp.) is mandatory (if UE supports the corresponding SCS), and is optional for X=[2]/4 slots (for 480/960 kHz resp.)
Proposal 2: Remove the FFS from the agreement made in RAN1 #106bis-e, i.e. confirm the agreement as a whole 
Agreement:
· Multi-slot PDCCH monitoring is based on slots within a slot group
· […]
· There is a common BD budget for all search spaces
· FFS: Search space configuration
· […].
Proposal 3: YGroup2 within a slot group overlaps with the (two) slots containing Type0_PDCCH

Proposal 4: Location of YGroup1 is selected among the candidate locations fully overlapping with YGroup2

Proposal 5: UE needs to re-evaluate the validity of location for YGroup1 (i.e. overlap with YGroup2) when the location of YGroup2 changes:
· When a new location for YGroup1 is needed, it can be selected e.g. according to the smallest offset that results in full overlap between YGroup1 and YGroup2 .

Proposal 6: Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2)
· For X=4: (YGroup1,YGroup2) = (2,2)
· For X=2: (YGroup1,YGroup2) = (1,2).
Proposal 7: For the cases with (X, YGroup1,YGroup2) = (8,2,2), (8,1,2), (4,1,2)
· support 20 PDCCH candidates per max(YGroup1,YGroup2)
· support 32 non-overlapped CCEs per max(YGroup1,YGroup2).
Proposal 8: For the cases with (X, YGroup1,YGroup2) = (8,4,2), (4,2,2), (2,1,2)
· support [at least 10] PDCCH candidates per max(YGroup1,YGroup2)
· support [at least 16] non-overlapped CCEs per max(YGroup1,YGroup2).
Observation 2: GC-PDCCH is an essential part of unlicensed band system, and there seems to be a need to support beam-dependent information, particularly if some form of directional LBT is chosen as coexistence mechanism.

Proposal 9: Changes to DCI format 2_0 may be beneficial for at least unlicensed 60GHz NR operation
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