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1 Introduction

In RAN #106 e-meeting, some agreements about PDCCH monitoring was made for NR 52.6-71GHz,
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
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.

And the multi-slot PDCCH monitoring capability discussion of Alt1/2 are modified as follows,

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

· 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: 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
· 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. 

· FFS: Further definition of capabilities
In this contribution, we focus on how to define PDCCH monitoring capability and some other enhancement about it.  
2 Discussion
2.1 Multi-slot PDCCH monitoring capability
Two alternatives about multi-slot PDCCH monitoring capability are extensively discussed last meeting, and several aspects are compared between them.

1, Flexibility of search space periodicity 

In a general case, with Alt1, fixed pattern of slot groups (X/Y), UE can only support search space configurations with periodicity of X*M slots. But this restriction can be released if Y>X/2. For example, with (X/Y)=(8,5), search space periodicity of 8 or 4 slots are both supported. 
Alt 2 does has some more flexibility on aspects of search space periodicity, with a PDCCH monitoring span (X/Y),  UE can support any periodicities >=X slots, but this flexibility is limited. To illustrate this, assuming UE with Alt 2 PDCCH monitoring capability (8/3), and configured a SS with periodicity of 9 slots, if the UE needs to be configured with another SS, the new added SS has to be with periodicity of 9*M slots, otherwise the new added SS may not be able to fall into the Y slots of the (X/Y) span.
Proposal 1: PDCCH monitoring capability Alt 2 has limited flexibility over Alt 1 on search space periodicity configuration.
2, multi-cell PDCCH monitoring capability

In a multi-cell scenario, with Alt1, fixed pattern of slot group (X/Y), the time unit of calculation of PDCCH monitoring on multiple cells are easy to align. For example, if a UE is configured with 2 cells, both the cells are with Alt 1 PDCCH monitoring capability (8/5), the time unit for calculating PDCCH monitoring is simply the first 5 slots of every 8 slots group. But for Alt 2, the situation may be complicated. An example shown in Fig.1, if a UE is configured with 2 cells, both the cells are with Alt 2 PDCCH monitoring capability (8/5), and cell1 is configured with SS of periodicity 8, and cell2 is configured with SS of periodicity 12, the monitoring occasion of cell 1 and cell 2 are overlapped or partially overlapped in a unaligned manner. For the time duration in red block, since UE has to process PDCCH in three spans, UE may exceed its PDCCH monitoring capability, then how to coordinate multi-cell PDCCH monitoring capability will need a lot of specification effort.
Proposal 2: PDCCH monitoring capability Alt 2 needs more specification effort to coordinate multi-cell PDCCH monitoring capability while Alt 1 doesn’t.
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Fig 2  Multi-cell PDCCH monitoring capability issue for Alt 2
3, How to guarantee monitoring of CSS and USS

How to make sure the CSS, especially for CSS before RRC connection, fall into the Y monitoring occasion as defined by (X/Y) in Alt 1/Alt 2 has been extensively discussed in last meeting. From our view the first thing that needs to considered is, whether multi-slot PDCCH monitoring capability is a mandatory capability that should be applied for RRC idle mode, or it is just a capability applied for RRC connected mode. 
A similar PDCCH symbol-level PDCCH monitoring span has been discussed and introduced in R16 URLLC. And in that WI, R15 slot level PDCCH monitoring capability is a mandatory capability that should be applied in RRC idle mode, and if UE is configured with r16monitoringcapability, UE will apply symbol-level span PDCCH monitoring capability, which is only possible in RRC connected mode. And in this case, how to guarantee CSS, especially CSS before RRC connection, and USS fall into the PDCCH monitoring span is up to gNB implementation.
If we determine that multi-slot PDCCH monitoring capability is a capability that only can be used after corresponding UE capability reporting and gNB configuration, that is multi-slot PDCCH monitoring capability is only for RRC connected, then for RRC idle mode, UE should apply single-slot PDCCH monitoring similar as in R15, which we slightly prefer, since it is easy to guarantee CSS reception by single-slot PDCCH monitoring.
Proposal 3: RAN1 needs to decide whether multi-slot PDCCH monitoring capability is mandatory applied in RRC idle mode. If not, single-slot PDCCH monitoring capability, which is quite easy to handle CSS receiving, should be defined for NR 52.6-71GHz.
If we determine that multi-slot PDCCH monitoring capability is mandatory for RRC idle, then a suitable mandatory multi-slot PDCCH monitoring pattern should be designed to guarantee Type #0/0-A/1/2 CSS reception in the first place. Take Type #0 CSS as an example, SSB/corset 0 multiplexing pattern 1, index=4 of the Table 13-11 TS 38.213, total SSB number is 8, 15KHz SCS for CORESET 0 with 2 symbol length. The time domain location of Type #0 CSS corresponding to each SSB are,
SSB 0: symbol 0/1 on slot 5, 6 of even SFN

SSB 1: symbol 0/1 on slot 6, 7 of even SFN

SSB 2: symbol 0/1 on slot 7, 8 of even SFN

SSB 3: symbol 0/1 on slot 8, 9 of even SFN

SSB 4: symbol 0/1 on slot 9 of even SFN and symbol 0/1 on slot 0 of odd SFN

SSB 5: symbol 0/1 on slot 0, 1 of odd SFN

SSB 6: symbol 0/1 on slot 1, 2 of odd SFN

SSB 7: symbol 0/1 on slot 2, 3 of odd SFN

It can be seen that on different SSB beams, Type #0 CSS is scattered on almost every slot within a frame. To make sure an idle UE can monitor Type #0 CSS on any SSB beam, the location of Y slots should be floating. So in Alt 1 with a floating Y, or Alt 2 can be adopted for receiving CSS in idle mode.
Proposal 4: If to apply multi-slot PDCCH monitoring capability in RRC idle mode, the location of Y slots should not be in fixed location within X slot-group. Alt 1 with a floating Y, or Alt 2 can be adopted at least for receiving CSS in idle mode.
In RRC connected mode, USS and some CSS will be configured in addition to the already existed Type #0/0-A/1/2 CSS. To make sure that UE can monitor USS/CSS in the Y slots within X slot-group(or at least X slot-group in Alt 2), USS/CSS should have harmonized periodicity, that is the periodicity of USS/configured CSS is integer factor or multiple of the periodicity of Type #0/0-A/1/2 CSS. That means, the configuration of USS/CSS should be based on the Type #0/0-A/1/2 CSS, as shown in Fig 2.

Proposal 5:  To make sure USS/CSS can fall into Y slots, the periodicity of USS/configured CSS should be integer factor or multiple of the periodicity of Type #0/0-A/1/2 CSS.
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Fig 2. USS/CSS with harmonized periodicity
But only harmonized SS configuration is not enough, it also depends on the value of (X/Y) to decide whether USS/CSS can fall into the Y slots. If Alt 1 is adopted, to guarantee CSS/USS monitoring as shown in Fig 2, X should be equal to the minimum SS periodicity, that is X=5. And a fixed pattern (5/3) will be feasible. But if X is not equal to the minimum SS periodicity, for example, X=4, then a floating Y will be needed. If Alt 2 is adopted, X value no bigger than the minimum SS periodicity (but no smaller than Y) will be feasible. But if X value is bigger than minimum SS periodicity, then USS/CSS can not always fall into the Y slots.
Proposal 6: For harmonized USS/CSS periodicity, X in Alt 1 should be equal to the minimum SS periodicity, otherwise, a floating Y is needed. And X in Alt 2 should be no bigger than the minimum SS periodicity.
With floating Y, there raise the issue that two monitoring occasion is too close to each other, as shown in Fig.3, and UE may not be able to process PDCCH in so many consecutive slots. Simple solutions may be dropping one of the monitoring occasion. Details or other solutions can be further studied.
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Fig 3. Two monitoring occasion is too close to each other

Proposal 7: If Alt 1 with floating Y is adopted, how to solve the issue two monitoring occasion is too close to each other. 
Summary: 
If multi-slot PDCCH monitoring is applied for RRC idle mode, both Alt 1 with floating Y and Alt 2 can be adopted.
If multi-slot PDCCH monitoring is applied for RRC connected mode, both Alt 1 and Alt 2 can be adopted under the following two conditions,

· The periodicity of USS/configured CSS should be integer factor or multiple of the periodicity of Type #0/0-A/1/2 CSS
· X in Alt 1 should be equal to the minimum SS periodicity, otherwise, a floating Y is needed; X in Alt 2 should be no bigger than the minimum SS periodicity
In general, under both Alt1 and Alt 2, gNB should have proper SS configurations that are suitable for the applied multi-slot PDCCH monitoring capability, so that USS/CSS can fall into the Y slots. Otherwise, more complicated solutions will be needed to allow UE to monitor USS/CSS. 
Compared with defining PDCCH monitoring capability per single slot, defining PDCCH monitoring capability per multi-slot span would allow gNB scheduling DCI in a busty way, for example when X=8,Y=1. And it may cause the UE to spend more time on decoding all the DCIs scheduled in a DCIs burst, which will increase the total processing time for the scheduled PDSCH/PUSCH since UE has to decoding the DCI first. For example, with maximum number of B1/C1 of BDs/CCEs for PDCCH monitoring per single slot, UE is able to decode the all the DCIs in PDCCH in 1 symbol from the end of the PDCCH. But with maximum number of 4*B1/4*C1 of BDs/CCEs for PDCCH monitoring per multi-slot span (4/1) and gNB scheduling DCI in a busty way, UE may need extra 2 symbols to guarantee to decode the all the DCIs in PDCCH, thus cause the decoding time of PDSCH(N1) and preparation time of PUSCH(N2) may need to be extended as well.

Proposal 8: Impacts on PDSCH/PUSCH processing time (N1/N2) may need be considered for multi-slot PDCCH monitoring capability.
2.2 Restriction on cross carrier scheduling
In current spec, UE can report its cross carrier scheduling capability for DL/UL separately by one of { low-to-high, high-to-low, both}, which has no restriction on the SCS difference of the carrier pair(the scheduling/scheduled carriers). but with the introduction of SCS 480/960KHz in NR 52.6-71GHz, the SCS difference of the carrier pair would be too large for UE to handle, for example, with carrier pair=15/480KHz, a slot in PDCCH channel would cover 32 slots in PDSCH channel. suppose the PDCCH channel is 3 symbol length, and UE need 2 symbol(in PDCCH channel) to decode the PDCCH, then and UE has to buffer all the PDSCH information with length of 5*32=160 symbol in PDSCH channel. this would be challenging for UE implementation. So some restriction on cross carrier scheduling would be desirable, for example, UE can report its capability for supported carrier pair like 
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Proposal 9: Some restriction on cross carrier scheduling would be desirable, for example, UE can report its capability for supported carrier pair like 
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2.3 Other enhancements
Search space set group switching is introduced in R16 NR-U for power saving propose and group switching time  [image: image7.png]Pevvitch



 is defined for SCS 15-60kHz. To facilitate unlicensed band operation for NR 52.6-71GHz, group switching time  [image: image9.png]Pevvitch



  should also be defined for 120/480/960kHz 
Proposal 10: Search space set group switching time [image: image10.png]Pevvitch



 should be defined for 120/480/960kHz.
The maximum search space periodicity in current spec is 2560 slots, and with SCS increased to 960kHz, the absolute time of the maximum search space periodicity will be decreased by 8 times. So new periodicity parameters may need to be introduced for the new SCSs, as well as the search space offset/duration parameters.
Proposal 11: New search space periodicity parameters, as well as the search space offset/duration parameters, may need to be introduced for the new SCSs.
3 Conclusions

In this contribution, we focus on PDCCH monitoring enhancement for NR operating on 52.6-71GHz. Blind decoding/CCE budget, multi-slot span monitoring and some other enhancements are discussed.  
Proposal 1: PDCCH monitoring capability Alt 2 has limited flexibility over Alt 1 on search space periodicity configuration.

Proposal 2: PDCCH monitoring capability Alt 2 needs more specification effort to coordinate multi-cell PDCCH monitoring capability while Alt 1 doesn’t.

Proposal 3: RAN1 needs to decide whether multi-slot PDCCH monitoring capability is mandatory applied in RRC idle mode. If not, single-slot PDCCH monitoring capability, which is quite easy to handle CSS receiving, should be defined for NR 52.6-71GHz.
Proposal 4: If to apply multi-slot PDCCH monitoring capability in RRC idle mode, the location of Y slots should not be in fixed location within X slot-group. Alt 1 with a floating Y, or Alt 2 can be adopted at least for receiving CSS in idle mode.
Proposal 5:  To make sure USS/CSS can fall into Y slots, the periodicity of USS/configured CSS should be integer factor or multiple of the periodicity of Type #0/0-A/1/2 CSS.
Proposal 6: For harmonized USS/CSS periodicity, X in Alt 1 should be equal to the minimum SS periodicity, otherwise, a floating Y is needed. And X in Alt 2 should be no bigger than the minimum SS periodicity.
Proposal 7: If Alt 1 with floating Y is adopted, how to solve the issue two monitoring occasion is too close to each other. 
Summary: 
If multi-slot PDCCH monitoring is applied for RRC idle mode, both Alt 1 with floating Y and Alt 2 can be adopted.
If multi-slot PDCCH monitoring is applied for RRC connected mode, both Alt 1 and Alt 2 can be adopted under the following two conditions,

· The periodicity of USS/configured CSS should be integer factor or multiple of the periodicity of Type #0/0-A/1/2 CSS
· X in Alt 1 should be equal to the minimum SS periodicity, otherwise, a floating Y is needed; X in Alt 2 should be no bigger than the minimum SS periodicity
Proposal 8: Impacts on PDSCH/PUSCH processing time (N1/N2) may need be considered for multi-slot PDCCH monitoring capability.
Proposal 9: Some restriction on cross carrier scheduling would be desirable, for example, UE can report its capability for supported carrier pair like 
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Proposal 10: Search space set group switching time [image: image12.png]Pevvitch



 should be defined for 120/480/960kHz.

Proposal 11: New search space periodicity parameters, as well as the search space offset/duration parameters, may need to be introduced for the new SCSs.
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