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1 Introduction

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

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
In last meeting, it is decided that for multi-slot PDCCH monitoring capability, a fixed pattern of X slot group is adopted, BD/CCE budget for X slot group should be reported by UE. And for all search spaces, they share a common BD budget. There are two controversial points remained for discussion, 
1) Whether the Y slots should be fixed or not across different X slot groups?

2)  Whether Group (2) SS should be fall into the same Y slots as Group (1) SS within a X slot group, or Group (2) SS can be located in anywhere within a X slot group?
And we provide some analysis on the two points as below.
1, Fixed or floating Y
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 1: 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.
Observation 1: If to apply multi-slot PDCCH monitoring capability in RRC idle mode, the location of Y slots should be floating within X slot-group. That is within different X slots, the Y slots can have different locations.
2, Location of Group (1) SS and Group (2) SS

Here below, we give analysis firstly assuming that Group (1) SS and Group (2) SS should fall into the same Y slots within a X slot group.
In RRC connected mode, Group (1) SS will be configured in addition to the already existed Group (2) SS. To make sure that UE can monitor USS/CSS in the same Y slots within X slot-group, Group (1) SS and Group (2) SS should have harmonized periodicity, that is the periodicity of Group (1) SS is integer factor or multiple of the periodicity of Group (2) SS. That means, the configuration of Group (1) SS should be harmonized with the Group (2) SS, as shown in Fig 1. And it would post some restriction on the configuration flexibility of Group (1) SS.
Observation 2:  To make sure all USS/CSS can fall into Y slots, the periodicity of Group (1) SS should be integer factor or multiple of the periodicity of Group (2) SS.
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Fig 1. Group (1) SS and Group (2) SS with harmonized periodicity
But only harmonized SS configuration is not enough, it also depends on the value of (X/Y) to decide whether Group (1) SS and Group (2) SS can fall into the Y slots. 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 to make sure Group (1) SS and Group (2) SS can fall into the same Y slots within a X slot group.
Observation 3: With harmonized Group (1) SS and Group (2) SS periodicity, X should be equal to the minimum SS periodicity, otherwise, a floating Y is needed.
Based on the above analysis, we can make the summary
Summary 1: To make sure Group (1) SS and Group (2) SS fall into the same Y slots within a X slot group, gNB has to guarantee,

1) The periodicity of Group (1) SS should be integer factor or multiple of the periodicity of Group (2) SS, and

2) X should be equal to the minimum SS periodicity of Group (1) SS and Group (2) SS, otherwise, a floating Y is needed
From the above analysis, we can see that, there are strict restrictions on the SS periodicity configurations to make sure Group (1) SS and Group (2) SS fall into the same Y slots. And a floating Y is needed if X is not equal to the minimum SS periodicity.
However, if it is allowed that Group (2) SS can be located in anywhere within a X slot group, the restrictions on the SS periodicity configurations can be released. For example, Group (2) SS can have its own periodicity configuration, which is not limited by X/Y, or by Group (1) SS at all. But still X should be equal to the minimum SS periodicity of Group (1). One concern raised by companies about allowing Group (2) SS in anywhere within a X slot group, is that the two monitoring occasions from different X slot groups are too close to each other, as shown in Fig.2, and UE may not be able to process PDCCH in so many consecutive slots. And it should be noted that, the same issue also exists when Group (1) SS and Group (2) SS fall into the same Y slots, but X is not equal to the minimum SS periodicity of Group (1) SS and Group (2) SS. Simple solutions may be dropping one of the monitoring occasion, for example, the USS.
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Fig 2. Two monitoring occasions from different X slot groups are too close to each other

Proposal 2: If Group (2) SS can be located in anywhere within a X slot group, or floating Y is adopted, some of the monitoring occasions can be dropped to solve the issue two monitoring occasions from different X slot groups are too close to each other. 
At this stage, we have very limited time to solve the issues caused by floating Y or random location of Group (2) SS. so our preference is as Proposal 3,
Proposal 3: Suggest RAN1 to adopt
1) Apply single slot PDCCH monitoring capability for RRC idle mode
2) Group (1) SS and Group (2) SS should fall into the same Y slots within a X slot group, and the location of Y slots is maintained across different X slot groups. 
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 4: 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 5: 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: image6.png]Pevvitch



 is defined for SCS 15-60kHz. To facilitate unlicensed band operation for NR 52.6-71GHz, group switching time  [image: image8.png]Pevvitch



  should also be defined for 120/480/960kHz 
Proposal 6: Search space set group switching time [image: image9.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 7: 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 how to define PDCCH monitoring capability and some other enhancement about it.  
Proposal 1: 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.
Observation 1: If to apply multi-slot PDCCH monitoring capability in RRC idle mode, the location of Y slots should be floating within X slot-group. That is within different X slots, the Y slots can have different locations.
Observation 2:  To make sure all USS/CSS can fall into Y slots, the periodicity of Group (1) SS should be integer factor or multiple of the periodicity of Group (2) SS.
Observation 3: With harmonized Group (1) SS and Group (2) SS periodicity, X should be equal to the minimum SS periodicity, otherwise, a floating Y is needed.
Summary 1: To make sure Group (1) SS and Group (2) SS fall into the same Y slots within a X slot group, gNB has to guarantee,

1) The periodicity of Group (1) SS should be integer factor or multiple of the periodicity of Group (2) SS, and

2) X should be equal to the minimum SS periodicity of Group (1) SS and Group (2) SS, otherwise, a floating Y is needed
Proposal 2: If Group (2) SS can be located in anywhere within a X slot group, or floating Y is adopted, some of the monitoring occasions can be dropped to solve the issue two monitoring occasions from different X slot groups are too close to each other. 
Proposal 3: Suggest RAN1 to adopt

1) Apply single slot PDCCH monitoring capability for RRC idle mode
2) Group (1) SS and Group (2) SS should fall into the same Y slots within a X slot group, and the location of Y slots is maintained across different X slot groups. 
Proposal 4: Impacts on PDSCH/PUSCH processing time (N1/N2) may need be considered for multi-slot PDCCH monitoring capability.
Proposal 5: 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 6: Search space set group switching time [image: image11.png]Pevvitch



 should be defined for 120/480/960kHz.

Proposal 7: 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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