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Introduction
In RANP#90e, the WID of NR operating in 52.6GHz-71GHz frequency has been established in [1], and the PDCCH enhancement was captured as below under RAN1’s working scope
	According to the outcome of the study item on Supporting NR above 52.6GHz and leveraging FR2 design to the extent possible, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation, with the following objectives:
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58595024]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.


[bookmark: _Hlk69545768]During the RAN1#106-e meeting [2], the following agreement has been made for 120 kHz SCS PDCCH monitoring capability:
	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.


Moreover, PDCCH monitoring capability definition for SCS of 480 kHz and 960 kHz was further discussed based on three candidate solutions:
	· 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
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS


In this contribution, we would like to present our further view on PDCCH enhancements for above 52.6GHz.
PDCCH monitoring enhancement
From RANP#90 meeting, for systems operating at 52.6GHz to 71GHz carrier frequency, larger subcarrier spacing greater than 120kHz with 480 kHz and 960 kHz were introduced, then the time duration for one slot is reduced further. Take 960 kHz for illustration; an increase in SCS to 960 kHz may require processing eight times as many slots as 120 kHz systems for the same duration. As such, if the PDCCH processing procedure and the capability limits remain unchanged, the UE monitoring capability and power consumption will grow much complicated. Considering the limitations of UE processing capability, PDCCH enhancement was agreed upon for supporting larger SCS. Therefore, RAN1 agrees to define the multi-slot PDCCH monitoring capability. During RAN1#106-e, the following multi slot span scheme has been agreed: 
· 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
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS
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Figure 1 : Illustrations of the slot group structure of a fixed slot group pattern.

Though the basic scheme based on a fixed pattern of slot groups has been agreed (Fig. 1), it can be seen that how to specify the Y consecutive slots in each slot group is still for further discussion. Below, we provide our views on the choice of Y consecutive slots configuration. 
Restrictions on location of the Y slots within a slot group
for the span-based monitoring, after UE reporting span capability, the Y consecutive units' start position can be flexibly configured by the network as long as the gap between the first symbol of two continuous spans is no less than X, which improves the scheduling flexibility. However, the lack of a fixed pattern could result in a large increase in UE processing complexity as the UE may have to plan for its processing highly dynamic, and the micro-sleep opportunity decreased for devices. Therefore, the location of the Y slots within the X slots need to be maintained across different slot groups. The point has also been agreed in the last RAN1 meeting. 
Regarding the start position of the Y consecutive slots, to our understanding, as long as the starting position of Y slots is fixed across the slot groups, it makes no difference in terms of UE monitoring complexity. However, restrict the Y consecutive slots to be at the beginning of each slot group does not harm the network flexibility, especially comparing to the mandatory monitoring capability defined in Rel-15/16. In fact, when the value of Y is more than 1 slot, the flexibility of SS configuration is better than a Rel-15/16 120 kHz SCS carrier. Therefore, allowing the starting position of the Y consecutive slots to be flexible within each slot group may trigger unnecessary discussion on additional parameters and complicate specification. 
Regarding the possible value of Y, since Y with values that larger than 1 can flexibility improve the flexibility comparing to the Rel-15/16 120 KHz SCS, while considering the potential X = 4 for 480 KHz SCS, Y = X/2 therefore should be supported. 
Proposal 1: Restrictions on location of the Y slots to start with the beginning of each slot group, while Y = X/2 should be supported. 

PDCCH monitoring location and duration 
For multi-slot monitoring, there also had been some discussions from RAN1#104 on monitoring location and duration of OFDM symbols:
	Further discussion on multi-slot span capabilities, monitoring periodicities, corresponding number and location of OFDM symbols for Cases 1-1 and 1-2.
· Case 1: PDCCH monitoring of all SS sets monitored in a slot occurs within 3 consecutive OFDM symbols that have fixed positions in each slot
· Case 1-1: PDCCH monitoring limited to within first three OFDM symbols of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring cases other than Case 1


With a limited location of PDCCH monitoring, Case 1-1 is simple for realization, while Case 1-2 is more flexible for gNB scheduling. Thus, we suggest Case 1-1 can be the baseline, and Case 1-2 can be discussed with further benefits evaluation of flexible scheduling.
Observation 1 : PDCCH monitoring limited to within the first several OFDM symbols of a slot can be supported as the baseline.  
As aforementioned, large SCSs with 480kHz and 960kHz cause a relatively short time duration of a symbol. Therefore, if CORESET duration remains up to 3 symbols as in R16, the real-time duration for PDCCH monitoring is quite small, which also puts extra time limitation of UE blind decoding. Therefore, we suggest a large CORESET duration with more than 3 symbols for SCS 480kHz and 960kHz alleviate UE processing capability for PDCCH decoding. Thus, we suggest PDCCH monitoring with a maximum duration of more than 3 OFDM symbols per PDCCH monitoring occasion. 
Observation 2 [bookmark: _Hlk83627394]: If CORESET duration remains up to 3 symbols as in R16, the real-time duration for PDCCH monitoring is quite small due to the short symbol duration with large SCS. 
Proposal 2: PDCCH monitoring with a maximum duration of more than 3 OFDM symbols per PDCCH monitoring occasion is more suitable.
SSSG Switching 
Although monitoring flexibility is not a big issue through multi-slot monitoring configuration stated in previous section, if more monitoring flexibility and lower power consumption of UE are required, more than one multi-slot monitoring capacities, i.e. multi (X,Y) combinations may be needed. In such cases, SSSG switching among different multi-slot monitoring capacities needs to be considered. 
Besides, there also had some discussions on SSS configuration from RAN1#106, and whether to apply multi-slot PDCCH monitoring at all times and for all search spaces are still FFS. This means, there could be possibility for some SSS not supporting multi-slot PDCCH monitoring, and per-slot, even mini-slot monitoring or other non multi-slot monitoring may be supported by these SSS. Therefore, SSSG switching among different types of monitoring capacities should be considered also. 
	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.


For SSSG switching in at least above two cases, one straightforward manner to realize the switching can be to configure SSS with monitoring capacity index. A possible procedure can be as follows: First, When UE reports multi monitoring capabilities, the corresponding monitoring capacities index are also reported. Then, gNB configures each SSS with the associated monitoring capacity index. After SSSG switching is trigged, such as the scheduling needs from gNB or power saving requirement from UE by preferred monitoring capacity index reporting, a DCI with monitoring capability index is scheduled to indicate UE to monitor on SSS with this specified monitoring capability index.
Proposal 3: SSSG switching can be considered if multi-slot monitoring capacity with multiple (X,Y) or monitoring capacity with multiple types are supported.

Multi Beam aspects
As haven been mentioned by multiple companies in previous meetings [3]-[7]: In Rel-16 NR-U, several fields such as CO duration, SS-group switching trigger, RB-sets, etc., were introduced to DCI format 2_0. In the frequency range above 52.6 GHz, that information can be beam-dependent due to the utilization of beamforming. Therefore, there is a need to consider per beam indication of DCI format 2_0. 
Proposal 4: Support per beam indication of DCI format 2_0 for above 52 GHz unlicensed operation. 

Conclusions
Finally, allow us to repeat our observations and proposals to draw attention.
Observation 1 : PDCCH monitoring limited to within the first several OFDM symbols of a slot can be supported as the baseline.  
Observation 2 : If CORESET duration remains up to 3 symbols as in R16, the real-time duration for PDCCH monitoring is quite small due to the short symbol duration with large SCS. 
Proposal 1: Restrictions on location of the Y slots to start with the beginning of each slot group, while Y = X/2 should be supported.
Proposal 2: PDCCH monitoring with a maximum duration of more than 3 OFDM symbols per PDCCH monitoring occasion is more suitable.
Proposal 3: SSSG switching can be considered if multi-slot monitoring capacity with multiple (X,Y) or monitoring capacity with multiple types are supported.
Proposal 4: Support per beam indication of DCI format 2_0 for above 52 GHz unlicensed operation. 
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