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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.


During the previous RAN1 e-meeting, agreements on PDCCH enhancement was achieved as 
	Agreement:
Consider at least the following aspects of PDCCH monitoring for a given SCS
· For new SCS, if agreed, that are not supported in Rel-15/16 NR,
· investigate on the maximum number of BDs/CCEs for PDCCH monitoring per time unit
· e.g. slot as Rel-15, or new scheduling/monitoring unit
· any potential limitation to PDCCH monitoring configurations (e.g. search spaces, DCI formats, overbooking/dropping, etc) to help with UE processing, if needed
· e.g. increased minimum PDCCH monitoring unit
· potential enhancements for CORESET, if needed
· related UE capability(ies) for PDCCH processing

Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
1. It was identified that the potential enhancements to PDCCH monitoring including potential limitation to UE PDCCH configuration,, multiple PDSCH/PUSCH scheduling with a single DCI (using existing DCI formats or new DCI format(s)), spatial relation management for GC-PDCCH, capability related to PDCCH monitoring, and PDCCH coverage should be further investigated for higher subcarrier spacings, including the need for such enhancements.
It was observed that PDCCH processing capabilities per multiple slots for larger SCS (e.g. 480 or 960 kHz) can maintain scheduling framework same as for smaller SCS (e.g. 120 kHz) when the UE is configured to monitor the PDCCH every multiple slots.



Moreover, to alleviate the issue for the limited maximum number of BDs/CCEs for PDCCH monitoring for new SCS, further agreement on multi-slot span PDCCH monitoring enhancement was achieved as [2] 
	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


Further refinement on the candidate solutions above for the multi-slot span PDCCH monitoring enhancement has also been discussed in [3], though no agreement achieved in the end: 
	Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: Use a fixed pattern in a slot group 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 how much BD/CCE budget is available within Y consecutive [symbols or slots] in each slot group
· 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 symbol of the first slot within a slot group
· Alt 2: Use an (X,Y) span as the baseline to define the new capability
· X is the minimum time separation between the first symbol of two consecutive spans
· The capability indicates how much BD/CCE budget is available within Y consecutive [symbols or slots] in a span
· Y <= X
· FFS: Exact values of X and Y and units in which they are defined, including cases where a span is longer than one slot or crosses a slot boundary. 
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 
· The capability indicates how much BD/CCE budget is available within the sliding window
·  The sliding unit of the sliding window is [1] 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



In this contribution, we would like to present our further view on PDCCH enhancements for above 52.6GHz.
PDCCH monitoring 
From RANP#90 meeting, for system 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 system for the same time 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.
In this document, we will discuss PDCCH monitoring under larger SCSs from the aspects of PDCCH monitoring capabilities and configurations.
Multi-slot PDCCH monitoring capability
With comprehensive consideration of UE monitoring complexity reduction together with UE power-saving and DL performance guarantee, define a new time unit like multi-slot could be a proper solution for larger SCS (480 kHz and 960 kHz) in the 52.6GHz-71GHz frequency range. More specifically, there are three elements that may need to be considered to specify the multi-slot PDCCH monitoring scheme:  1. A minimum gap X slots between the first symbol of two multi-slot monitoring. 2. A Y consecutive units for each multi-slot monitoring, and 3. If pattern (X,Y) or even starting position of the Y consecutive units of this multi-slot monitoring could support some flexibly. 
[bookmark: _GoBack]A minimum gap of X units between the first symbol of two multi-slot monitoring are to avoid increasing the UE monitoring complexity with larger SCSs. For example, to maintain the same complexity with 120 kHz, X=8 slots for 960 kHz and X = 4 slots for 480 kHz would be needed.
Similarly, there is also a need to define the number of consecutive Y units that UE needs to be monitored with multi-slot monitoring. Different values of Y can be selected for 480 kHz and 960 kHz, respectively, e.g., 2-3 slots for 960 kHz and 1-2 slots for 480 kHz. Y consecutive units for each multi-slot monitoring can centralize monitoring to reduce the latency in PDCCH blind detection, thus reducing the delay of data interaction.
Pattern (X, Y) defines the combination of X and Y, which can be fixed in slot group patterns or supports some flexibility in span pattern. 

 [image: ]
Figure 1 : Illustrations of the slot group structure of a fixed slot group pattern and a flexible (X, Y) span

In the last meeting, three possible multi-slot PDCCH monitoring schemes have been proposed [3]:
· Alt 1: Use a fixed pattern in a slot group 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. 
To our understanding, both Alt. 1 and Alt. 2 covers the aspect of defining X, Y, and they are feasible solutions. Illustrations of the slot group structure of a fixed slot group pattern and a flexible (X, Y) span are shown in Fig. 2, where it is assumed that X = 8 slots and Y = 3 slots for the fixed pattern. Considering the simplicity of the fixed slot group pattern in Alt. 1, it can be taken as a baseline for Rel-17 multi-slot PDCCH monitoring. Different combinations of (X, Y) may still be specified, which can be up to UE capabilities, e.g. (8,3), (4,3), (4,2), so that the network can benefit from advanced UE designs. However, the lack of scheduling flexibility is the main drawback of the fixed pattern scheme. On the other hand, a more flexible scheme based on (X, Y) scheme in Alt. 2 can alleviate this issue. The Y consecutive slots' start position can be flexibly configured by the network as long as the gap between the first two symbols is larger than X, which can improve the scheduling flexibility. 
Observation 1 : Using a fixed pattern (Alt.1) in a slot group provides the simplest scheme, while Use an (X, Y) span (Alt.2) can provide higher flexibility of scheduling. 

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 benefits evaluation of flexible scheduling further.
Observation 2 : 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. 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 3 : 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: PDCCH monitoring with a maximum duration of more than 3 OFDM symbols per PDCCH monitoring occasion is more suitable.

Conclusions
Finally, allow us to repeat our observations and proposals to draw attention.
Observation 1 : Using a fixed pattern (Alt.1) in a slot group provides the simplest scheme, while Use an (X, Y) span (Alt.2) can provide higher flexibility of scheduling. 
Observation 2 : PDCCH monitoring limited to within the first several OFDM symbols of a slot can be supported as the baseline.  
Observation 3 : 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: PDCCH monitoring with a maximum duration of more than 3 OFDM symbols per PDCCH monitoring occasion is more suitable.
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