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Introduction
[bookmark: _Hlk510705081]The revised work item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#90-e. 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 were made in RAN1 #104-e:

Agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: A fixed pattern of N slots. 
· Alt 2: Use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability
· FFS: Values of X and Y and units in which they are defined 
· FFS: Whether number of slots within which the number of monitoring occasions is counted is needed and if needed, the value of the number of slots
· Alt 3: A sliding window of N slots for defining multi-slot PDCCH monitoring capability. 
· FFS: Increments in which sliding occurs
· Specific numbers for X, Y and N may depend on UE capability and gNB configuration
· Examples: 
· N = [4] slots for 480 kHz SCS and N = [8] slots for 960 kHz SCS
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS

In addition to that, the following feature lead proposal (A1-5) was made during the email discussions:

Proposed modification of agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· 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 [symbols or slots] in each slot group separately
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· FFS: Restrictions on location of the Y [symbols or slots] within a slot group, e.g. the Y [symbols or slots] always start at the first slot within a slot group
· FFS: Capability definition within a slot
· Alt 2: Use an (X, Y) span as the baseline to define the new capability
· X is the minimum time separation between the start of two consecutive spans
· The capability indicates the BD/CCE budget within a span of at most Y consecutive [symbols or slots] 
· Y <= X
· FFS: Exact values of X and Y and units in which they are defined (e.g., symbols, slots), including cases where a span is longer than one slot or crosses a slot boundary. 
· FFS: What is a span pattern, how it is defined and whether it is supported. If it is supported, whether number of slots within which the span pattern is repeated is needed, and if needed, the value of the number of slots. 
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 
· The capability indicates the BD/CCE budget within the sliding window
·  The sliding unit of the sliding window is [1] slot.
· FFS: Capability definition within a slot
· Specific numbers for X, Y may depend on UE capability and gNB configuration
· Examples: 
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS

Comparison of Alt 1 and Alt 2
In the following we compare functionalities between Alt 1 and Al 2. We think that Alt 3 (sliding window) should not be considered any further. First of all, it’s quite unclear how it works. Secondly, we think that floating/sliding window complicates the monitoring operation considerably (e.g. when compared to Alt 1), and without clear benefits. Thirdly, we think that it’s possible to define the sufficient flexibility elements also via Alt 1 or Alt 2.

Proposal 1: Down select Alt 3 from the list alternatives for defining the multi-slot PDCCH monitoring capability 

Alt 1: Multi-slot group -based monitoring

Figure 1 shows an example for Alt 1 with 960 kHz SCS. Each consecutive and non-overlapping slot group consists of X slots (X=8 slots). The UE capability indicates the BD/CCE budget within Y consecutive symbols in each slot group separately (Y = 7 OFDM symbols). In this example, Y symbols always start at the first slot within the slot group, but this should not seen as a limiting configuration option. We expect that the BD/CCE budget does not depend on the location of Y symbols within the slot group. Hence, the location of Y symbols can be seen as a signalling issue: if Y symbols are defined to always start at the first slot, then location of the slot group within the subframe structure needs to be more flexible. And if the location of Y symbols is made flexible, then the slot group location within the subframe structure can be more static.  

Two search space sets configured according to Alt 1 are shown in the example of Figure 1. 
· SS#1 with 0.125ms periodicity
· SS#2 with 0.5ms periodicity.
BD/CCE monitoring & dropping (if needed) is made among PDCCH candidates within Y symbols. In other words, UE is not expected to monitor PDCCH candidates outside the Y symbols.
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Figure 1. Example for Alt 1.

Standard impact: 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. subframe boundary.
· X [symbols/slots] can be configured via RRC
· Y [symbols] can be configured via RRC. It comprises
· startion position (e.g. nth OFDM symbol of the slot group)
· duration w.r.t. starting position.
Based on that, it seems that slot group(s) can be defined with quite small signalling overhead.

One of the questions related to Alt 1 is how it relates to parallel search space sets, which may be associated also with different numerologies. There are two approaches:  
· The simplest approach is to have common slot group definition for each search space set. 
· Another approach is to allow search space -specific configuration for (X) and (Y). An example of this is shown in Figure 2. 

When comparing Figure 1 and Figure 2, it can be noted that search space -specific configuration allows for more flexible distribution of BD/CCEs in time, and enables more efficient utilization of the UE PDCCH monitoring capabilities. Furthermore, it allows more flexible configuration options for the mixture of different search spaces such as CSS and USS.
Proposal 2: Consider search spece -specific configuration for the slot group(s).
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Figure 1. Search space -specific confgiruration of slot group


Alt2: Multi-slot span monitoring:

NR Rel-16 supports PDCCH monitoring restriction according to span -based monitoring. It’s defined according to two parameters, X and Y:
· X (symbols) is the minimum time separation between the first symbols of two consecutive spans
· Y (symbols) is the maximum duration of the span.
· The capability indicates the BD/CCE budget within a span of at most Y consecutive symbols

The span -based monitoring defined in Rel-16 supports only scenarios with X≤7. This corresponds to span-based monitoring within a slot. However, the Rel-16 solution scales to multi-slot scenario as well, and it is possible to define monitoring restriction for 60GHz scenario based on the same operation logic. 

Observation 1: Rel-16 span-based solution scales to different multi-slot scenarios.


Comparision between Alt 1 and Alt 2:

It can be noted that the Alt1 and Alt2 can provide almost the same functionalities. 
· Both can be used to support multi-slot PxSCH monitoring
· Both can be defined according to similar UE capabilities defined in terms of the maximum number of PDCCH candidates and non-overlapping CCEs. 
· Both can operate according to the same principle: BD/CCE caps are defined as sum within a span (Y) separated by multi-slot gap (X).

The main difference between two alternatives seems to be the following:
· Alt 1: span is always in a predefined (periodical) location. 
· Alt 2: span can start anywhere.  
 
Based on that, Alt1 provides opportunites for UE/gNB to calculate BD/CCE dropping in advance while Alt2 requires support for dynamic operation. This creates considerable burden for both UE and gNB. From gNB point of view, presence of multiple UEs (and constraints due to RF beamforming) needs to be considered as well. Based on the complexity issues, we make the following proposals.
 
Proposal 3: Select Alt 1 for multi-slot PDCCH monitoring
Parameter values for X and Y:

One of the open points is how to define X and Y? We think that it makes sense to define X and Y in terms of symbols. However, we see this more as a signaling aspect and if the group later decides that a raster of 14 symbols is sufficient, we can revise the decision accordingly. 

Proposal 4: Define X and Y in terms of symbols. It can be dedided later if a raster of 14 symbols is sufficient (for X)

Table 1 shows the number of slots and OFDM symbols w.r.t. a slot with 120 kHz SCS. Based on Note2 [2]“UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS”. This means that 120 kHz SCS is supported by all UEs and all 60GHz deployments. 
· We think that the maximum number of PDCCH candidates and non-overlapping CCEs could be defined in terms of 120 kHz slots. This corresponds to 4 slots with 480 kHz SCS and 8 slots with 960 kHz SCS, respectively. 
· Additionally, we think that span of [2] slots should be supported for 480 kHz SCS, and span of [2, 4] slots should be supported for 960 kHz SCS, respectively.    
For parameter Y, the natural starting point is Y=[1, 2, 3] (i.e. the size options currently available for CORESET duration). 

Proposal 5: Support the following parameters for X
· X=[28, 56] for 480 kHz SCS
· X=[28, 56, 112] for 960 kHz SCS.

Proposal 6: Support at least Y=[1, 2, 3] for multi-slot -based monitoring.


[bookmark: _Ref60647596]Table 1. Number of slots and symbols / 120 kHz slot (~0.125ms)
	SCS (kHz)
	# of slots / 0.125ms
	#of symbols / 0.125ms

	120
	1
	14

	480
	4
	56

	960
	8
	112



Potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring:

Table 2 shows an example for defining PDCCH monitoring capabilities. When considering numerical values for the maximum number of PDCCH candidates per span, and the maximum number of non-overlapping CCEs per span, we think that the existing capabilities defined for 120 kHz SCS could be used as a baseline.
· 20 PDCCH candidates per 120 kHz slot duration
· 32 non-overlapped CCEs per (120 kHz) slot duration.

In addition to multi-slot span -based monitoring, UEs with 480 kHz and 960 kHz SCSs should support slot-based monitoring. In order to support slot-based operation with reasonable coverage, one should support at least 8 non-overlapped CCEs (preferably 16), and at least 4 PDCCH candidateds also for slot-based operation. 

There are number of TBDs in Table 2. The numerical values for these should be decided during the WI.

Proposal 7: Consdier PDCCH monitoring capabilities defined for 120 kHz SCS as a baseline for multi-slot -span based monitoring
· support at least 20 PDCCH candidates per 120 kHz slot duration
· support 32 non-overlapped CCEs per 120 kHz slot duration.
· support at least 8 non-overlapped CCEs also for slot-based operation.

Table 2. Example table demonstrating UE capabilities for multi-slot span -monitoring
	
	Max. # of monitored PDCCH candidates per slot/span per combination (X,Y) and per serving cell
	Max. # of non-overlapped CCEs per slot/span for per combination (X,Y) and per serving cell

	μ
	Slot-based
	(28, Y)
	(56, Y)
	(112, Y)
	Slot based
	(28, Y)
	(56, Y)
	(112, Y)

	3
	20
	-
	-
	-
	32
	-
	-
	-

	5
	≥4
	TBD
	≥20
	-
	≥8
	TBD
	≥32
	-

	6
	≥4
	TBD
	TBD
	≥20
	≥8
	TBD
	TBD
	≥32



PDCCH coverage improvement
On top of the multi-slot span -based monitoring, we think that PDCCH coverage improvement should be considered separately. It is noted in [2] that “for SSB the MCL and MIL difference between 120 kHz SCS and 480 kHz SCS is about 5 dB. The MCL and MIL difference between 120 kHz SCS and 960 kHz SCS is about 8 dB”. We expect similar differences for PDCCH. It is noted that repetitions are supported for PDSCH, PUSCH and PUCCH in Rel-15 but time domain repetition for PDCCH has not been even considered. When considering PDSCH repetition (slot aggregation), PDCCH can easily become the bottleneck (higher aggregation level alone does not improve the link budget/coverage). Furthermore, it is noted that the DCI size of multi-PDSCH/PUSCH is larger compared to that of single slot scheduling, as discussed in [3]. 

There are two basic solutions shown in Figure 2 to balance the PDCCH coverage with the repeated PDSCH: 
· Option 1: Mixed numerology between PDCCH and PDSCH: use a lower SCS, such as 120 kHz, for PDCCH. This is feasible from phase noise point of view and would minimize changes to PDCCH. On the other hand, this is not allowed in Rel. 15/16 NR. 
· Option 2: Increased number of symbols available for PDCCH: This can be done either by defining a CORESET with increased length, or by means of CORESET repetition (of existing length). 

We think that these two solutions need to be studied, and at least one solution for improved PDCCH coverage needs to be supported.  
 
Proposal 8: Support improved PDCCH coverage for the cases of high SCS (i.e. Y>3)

[image: ]
Figure 2. Candidate options to improve PDCCH coverage.

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. 

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: Rel-16 span-based solution scales to different multi-slot scenarios.
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: Down select Alt 3 from the list alternatives for defining the multi-slot PDCCH monitoring capability 
Proposal 2: Consider search spece -specific configuration for the slot group(s).
Proposal 2: Support the following parameters for X
· X=[28, 56] for 480 kHz SCS
· X=[28, 56, 112] for 960 kHz SCS.

Proposal 3: Support at least Y=[1, 2, 3] for multi-slot -span monitoring.

Proposal 5: Support the following parameters for X
· X=[28, 56] for 480 kHz SCS
· X=[28, 56, 112] for 960 kHz SCS.

Proposal 6: Support at least Y=[1, 2, 3] for multi-slot -based monitoring

Proposal 7: Consdier PDCCH monitoring capabilities defined for 120 kHz SCS as a baseline for multi-slot -span based monitoring
· support at least 20 PDCCH candidates per 120 kHz slot duration
· support 32 non-overlapped CCEs per 120 kHz slot duration.
· support at least 8 non-overlapped CCEs also for slot-based operation.

Proposal 8: Support improved PDCCH coverage for the cases of high SCS (i.e. Y>3)

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