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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.

Blind decoding capability
The following agreements were made in RAN1 #106:

Agreement:
· 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.

Agreement:
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

Both agreements relate to the same issue, i.e. UE support for monitoring periodities smaller than 0.125ms (which is the slot duration corresponding to 120 kHz SCS). We think that in addition to X=4 slots for 480 kHz SCS and X=8 for 960 kHz SCS, the following values needs to be supported: 
· X=[1, 2] for 480 kHz SCS 
· X=[1, 2, 4] for 960 kHz SCS. 

Smaller values of X can provide e.g. better multiplexing capabilities (i.e. better scheduling flexibility) and improved latency. It can also offer a better processing time budget for gNB with the UE processing times agreed in RAN1 #106 [3]. We also think that that specification impact for supporting smaller values of X is quite minor, mainly definition of a few additional BD/CCE cap values as a function of X. Based on that, we make the following proposal:

Proposal 1: Multi-slot PDCCH monitoring is not the only supported configuration for 480 kHz and 960 kHz SCSs. In addition to X=4 slots for 480 kHz SCS and X=8 for 960 kHz SCS, support the following additional values for X: 
· X=[1, 2] for 480 kHz SCS 
· X=[1, 2, 4] for 960 kHz SCS 
· UE capability for supporting the additional values for X is FFS.

Multi-slot PDCCH monitoring capability definition
According to RAN1 #104bis-e, there are three alternatives for multi-slot PDCCH monitoroing capability definition
· Alt 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
· Alt 2: Use an (X, Y) span as the baseline to define the new capability
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 

The FL summary (R1-2108559) captures the company positions in the following way:
· Alt 1 supported by Huawei, HiSilicon, Interdigital, Sony, ZTE, Sanechips, Nokia, Nokia Shanghai Bell, Charter (2nd choice), LG, MediaTek, Apple, Sharp, Xiaomi
· Alt 2 supported by vivo, Lenovo, Motorola Mobility, Samsung, Futurewei, Qualcomm, Panasonic, Apple, NTT DOCOMO, Convida Wireless
· Alt 2 in addition to Alt 1 if necessary: Interdigital, Mediatek
· Alt 3 supported by Ericsson, Charter (1st choice)
We think that technical differences among different alternatives have been discussed already with sufficient level of details, and are well understood. It is time to make the decision. For the sake of simplicity, and considering the majority views, we make the following proposal:

Proposal 2: Select Alt 1 as the baseline to define the new multi-slot PDCCH monitroing capability

The prior agreements related to Alt. 1 were revised as follows in RAN1#106:
Agreement:
· Alt. 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
· Each slot group consists of X slots
· Slot groups are consecutive and non-overlapping
· The capability indicates the BD/CCE budget within Y consecutive slots in each slot group separately
· The location of the Y slots within the X slots is maintained across different slot groups
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· FFS: Restrictions on location of the Y slots within a slot group, e.g. the Y slots always start at the first slot within a slot group
· FFS: Further definition of capabilities
· FFS: The following issues for the search space configuration discussion
· Whether a slot group is aligned with a slot boundary
· Restrictions on location of the Y slots within a slot group, e.g. whether to restrict the location of a SS to be within the first Y slots within a slot group
· FFS: What the UE capability defines for monitoring within the Y slots


In order to support operation according to Alt 1, there is a need to configure slot group(s). Starting position of the slot group can be alinged with a known time reference, e.g. pre-defined subframe or slot boundary. 

Proposal 3: Slot group (X) starts from the first symbol of a predefined slot, subframe and frame.
One of the discussion points in the previous RAN1 meeting was the size and location of Y (slots) within the slot group (X). As discussed, for USSs, sufficient flexibility can be provided by the following definition:
· Y≤X/2
· Y is located at a predefined position w.r.t. fixed pattern of X slots (e.g. at the beginning of X slots).

Compatibility of CSS with Alt 1 was one of the discussion points in RAN1 #106. Figure 1 shows an example of the considerd SSB patterns for 480 kHz 960 kHz SCSs [4] with respect to the fixed pattern of slot groups (X, Y), where Y is located at the beginning of the slot group, and Y=X/2. The example shows that it is not possible to have a cell specific configuration for (X,Y) while supporting CSS (e.g. Type0_PDCCH) for all UEs in the cell.

Observation 1: CSS cannot be supported with Y≤X/2


[image: ]
Figure 1. SSB candidate locations w.r.t fixed pattern of X slots where Y (=X/2) is located at the beginning of X slots

The following options are available for supporting CSS on top of Alt1:
· SSB Pattern is designed in a way that all SSB slots are within Y slots. This is not preferred due to the large specification impact. 
· Support Y=X. This is not preferred since it basically maintains the problem of blind detection (UE needs to be prepared to the worst case where BDs in the adjacent slot groups are next to each other).
· Allow floating, UE specific location for Y slots (within X slots). gNB should be able ensure that Y slots follow the location of the active TCI state of the UE. In other words, the location of Y slots within X should vary according to the active TCI state of the UE. This would ensure that UE’s PDCCH monitoring (i.e. Y consecutive slots) is also aligned with the strongest SSB beam including CORESET#0. One benefit of this approach is that it allows grouping of the UEs that are served by a same beam so that they would be able to monitor PDCCH at a same time.
· Support search space- specific configuration for (X,Y), e.g. such that USS operates according to one (X,Y) definition and CSS according to another (X,Y) definitition. Example:  
· slot groups containing CSS could operate according to Y=X 
· slot groups without CSS would operate according to Y=X/2
· when defining BD/CCE limits for certain slot group (X), UE would operate according to the lowest BD/CCE limit involved for the slot group X (à if CSS is involved, the UE would operate according BD/CCE limits defined for the case of Y=X)
· BD/CCE limits are defined only for USS while CSS is always monitored according to gNB configuration.

Proposal 4: Consider one or more of the following solutions for supporting CSS on top of Alt1:
· Allow floating, UE specific location for Y slots (within X slots). 
· Support search space- specific configuration for (X,Y) or for (Y) 
· BD/CCE limits are defined only for USS.
BD/CCE budget
It has been agreed that “For 120 kHz SCS in 52.6-71 GHz, the BD/CCE budget is the same as that for 120 kHz in FR2” (see green entries in Table 1). The remaining issue for 120 kHz SCS relates to support for multi-slot monitoring. We think that there is no need for such option: slot based operation is supported for 120 kHz in Rel-15, and UE can configured with a less frequent monitoring already. 

Proposal 5: Multi-slot monitoring for 120 kHz is not supported.
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.
· (see yellow entries in Table 1)

For smaller values of X, the basic approach is to determine the BD/CCE limits from the values defined for 120 kHz SCS slot duration​. We make a proposal for the BD/CCE limits in Table 1. In order to support smaller values of X with reasonable coverage, one should support at least 8 non-overlapped CCEs (preferably 16), and at least 4 PDCCH candidateds also for smaller values of X.

Table 1. BD and CCE limits for different scenarios.
	 
	Max. # of monitored PDCCH candidates per slot group (X,Y) and per serving cell
	Max. # of non-overlapped CCEs per slot group (X,Y) and per serving cell

	μ
	(1, Y)
	(2, Y)
	(4, Y)
	(8, Y)
	(1, Y)
	(2, Y)
	(4, Y)
	(8, Y)

	3
	20
	Not needed
	 Not needed
	 Not needed
	32
	Not needed
	 Not needed
	 Not needed

	5
	8
	10
	20
	Not needed
	16
	16
	32
	Not needed

	6
	4
	8
	10
	20
	≥8
	16
	32
	32


Proposal 6: For the cases with X=4 slots for 480 kHz SCS and X=8 for 960 kHz SCS
· support 20 PDCCH candidates per 120 kHz SCS slot duration
· support 32 non-overlapped CCEs per 120 kHz SCS slot duration.
Proposal 7: For smaller values of X, select values defined in Table 1 as the baseline
· support at least 20 PDCCH candidates per 120 kHz SCS slot duration
· support 32 non-overlapped CCEs per 120 kHz SCS slot duration.
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 8: 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: CSS cannot be supported with Y≤X/2

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 1: Multi-slot PDCCH monitoring is not the only supported configuration for 480 kHz and 960 kHz SCSs. In addition to X=4 slots for 480 kHz SCS and X=8 for 960 kHz SCS, support the following additional values for X: 
· X=[1, 2] for 480 kHz SCS 
· X=[1, 2, 4] for 960 kHz SCS 
· UE capability for supporting the additional values for X is FFS

Proposal 2: Select Alt 1 as the baseline to define the new multi-slot PDCCH monitroing capability
Proposal 3: Slot group (X) starts from the first symbol of a predefined slot, subframe and frame.
Proposal 4: Consider one or more of the following solutions for supporting CSS on top of Alt1:
· Allow floating, UE specific location for Y slots (within X slots). 
· Support search space- specific configuration for (X,Y) or for (Y) 
· BD/CCE limits are defined only for USS.

Proposal 5: Multi-slot monitoring for 120 kHz is not supported.
Proposal 6: For the cases with X=4 slots for 480 kHz SCS and X=8 for 960 kHz SCS
· support 20 PDCCH candidates per 120 kHz SCS slot duration
· support 32 non-overlapped CCEs per 120 kHz SCS slot duration.
Proposal 7: For smaller values of X, select values defined in Table 1 as the baseline
· support at least 20 PDCCH candidates per 120 kHz SCS slot duration
· support 32 non-overlapped CCEs per 120 kHz SCS slot duration. 
Proposal 8: Changes to DCI format 2_0 may be beneficial for at least unlicensed 60GHz NR operation. 
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