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Introduction
The study item on supporting NR from 52.6 GHz to 71 GHz [1] was completed in RAN1 #103-e with the conclusion that numerologies 240 kHz, 480 kHz, and 960 kHz are considered as candidates for additional numerologies in addition to 120 kHz, and numerologies outside this range are not supported for any signals or channels [2]. 

Based on the SI, an updated WID was agreed to in RAN #90-e with the following objective [3] :
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
· [bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
[bookmark: _Hlk58595024]With the increase in SCS and associated reduction in slot size, there is a need to enhance PDCCH monitoring when compared with Rel-15 and Rel-16 as captured in the WID objective: 
· 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.
In this contribution, we address enhancements to PDDCH monitoring for the new SCS 480 kHz and 960 kHz for NR operation between 52.6GHz and 71 GHz.
Discussion
PDCCH Monitoring Background
In the course of the Study Item some agreements were made on enhancing PDCCH monitoring for NR operation between 52.6 GHz and 71 GHz. We list them below for reference as a baseline for the Work Item design.

In RAN1 #102-e, the following agreement was made [4]:


	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




In RAN1 #103-e, the following agreements were made [5]:

	Agreement:
Capture the following observations in the TR (Editorial modifications and changes to references can be made when capturing the observations in the TR):
· 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.





In Rel-15, PDCCH monitoring of search spaces is defined per slot with different usage models defining a monitoring periodicity of once per slot (classified as case-1) or multiple times per slot (classified as case-2). These are defined in different UE feature groups (FG 3-1, FG 3-2 , FG 3-5a and FG 3-5b) [4]. Associated procedures such as overbooking and dropping are performed per slot. The UE processing limits such as the maximum number of monitored PDCCH candidates per component carrier and the maximum number of non-overlapped CCEs per component carrier are also defined per slot. 

In Rel-16, PDCCH monitoring of search spaces for URLLC is defined per span where a span is a sub-set of a slot. This allows multiple spans to be processed within a slot for the 15 kHz and 30 kHz SCSs only. These are defined in different feature groups (FG 11-2, FG 11-2a ) [7]. The UE processing limits and procedures (including overbooking and dropping) are defined per span.

PDCCH Monitoring for Rel-17
A Rel-17 UE may be required to increase its PDCCH processing capabilities for the new SCSs (480 kHz and 960 kHz) compared with Rel-15/Rel-16 operation with a maximum data/control SCS of 120 kHz as the symbol duration decreases with the new SCSs. In one simple example, an increase in SCS to 960 kHz (480 kHz) may require processing 8 times (4 times) as many slots as a 120 kHz system in the same amount of time. Depending on the PDCCH monitoring limits per slot per CC in the 960 kHz  (480 kHz) SCS, this may result in a large increase in PDCCH monitoring complexity over the same time duration as that occupied by a slot with a 120 kHz SCS. As such, the PDCCH processing procedure as well as the capability limits may need to be carefully selected. 


To manage the PDCCH monitoring complexity in Rel -17 UEs, we have three options, per slot (Rel-15), per span (Rel-16) or for durations more than a slot.

1. Define  PDCCH monitoring limits and procedures per span: As a first step, given that Rel-16 PDCCH monitoring for URLLC is only applicable to 15 kHz and 30 kHz, and not for 60 kHz and 120 kHz, we may eliminate per-span PDCCH monitoring from consideration with the new SCSs of 480 kHz and 960 kHz i.e., span-based PDCCH monitoring limits should not be applicable to Rel-17 UEs. 

2. Define  PDCCH monitoring limits and procedures over a single slot: In this case, we need to  modify the UE processing limits accordingly. Using a simple example, we show that this design may require a large increase in UE complexity (See Figure 1). For a 120 kHz SCS,  the maximum number of non-overlapped CCEs per component carrier (#CCEs) is set to 32 (Figure 1a). This means that for a UE that is processing an SCS of 960 kHz with no increase in UE complexity over the same time duration as a 120 kHz slot will have the #CCEs directly scaled to 4 meaning that the maximum aggregation level per DCI will be 4 (Figure 1b). Note that direct scaling may not be possible due to the fact that there may be some internal operations on PDCCH monitoring that are not directly scalable, implying that an increase in complexity over Rel-15 PDCCH monitoring is required. To enable an aggregation level of 16 per slot would require setting the #CCEs to at least 16 per slot which is a 4 x increase in complexity by the UE compared with the 120 kHz SCS case (Figure 1c). 
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[bookmark: _Ref61337089]Figure 1: Number of non-overlapping CCEs for different SCSs and Scenarios

3. Define PDCCH monitoring limits  over a group of slots : This allows defining PDCCH complexity over multiple slots while scheduling single or multiple PUSCH/PDSCH instances within (same slot-group scheduling) or across slot groups (cross-slot/cross-slot-group scheduling). Using the same simple example, aggregating 4 slots together allows for an aggregation level of 16 while keeping the overall complexity in line with the 120 kHz SCS (Figure 1d). The PDCCH monitoring procedures such as overbooking and dropping as well as the UE processing limits may be defined over the slot group. 


To ensure that different UEs are able perform PDCCH monitoring based on their individual capabilities as in Rel-15, we define three types of PDCCH monitoring in a manner that mirrors the current specification:

· Type 1: For the slots  in the slot group, PDCCH monitoring occurs within the first X symbols of the multiple slots. Note that the scheduling can occur across the entire set of slots for example by using multi-PDSCH/PUSCH transmission with a single DCI. This example mirrors FG 3-1 in Rel-15 in which PDCCH monitoring occurs in the first three symbols of the slot and is illustrated in Figure 2.
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[bookmark: _Ref47718216]Figure 2: Type 1: Slot group with X symbols at the beginning of the slot group


· Type 2: For the slots in the slot group, PDCCH monitoring occurs on any span of X consecutive symbols within the multiple slots. This example mirrors FG 3-2 in Rel-15 in which PDCCH monitoring occurs in the first three symbols of the slot and is illustrated in Figure 3. 
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[bookmark: _Ref61721350]Figure 3: Type 1: Slot group with X symbols in the middle of the slot group

· Type 3: The PDCCH monitoring occasions can be in any OFDM symbol of a slot-group with a minimum time separation between 2 consecutive transmissions of the PDCCH as illustrated in Figure 4. This example mirrors FG 3-5b in Rel-15 in which PDCCH monitoring which supports span and gap PDCCH monitoring within a slot. We define X as the number of OFDM symbols within which the monitoring occasion occurs, Y as the  minimum number of OFDM symbols between the start of different PDCCH MOs, and Z as the slot group size. In this Type, unlike FG3-5b where (X, Y) is one of a set of (2,2), (4,3) or (7,3), X, Y and Z may be  SCS and slot group size dependent and may be discussed later in the specification process.
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[bookmark: _Ref53757813]Figure 4: Type 3: Slot group with X symbols at the beginning of the slot group


In summary, RAN1 should support multi-slot monitoring and determine the BD/CCE limits over a group of slots (defined as a slot group/nominal monitoring unit). The slot-group size can be defined based on a reference SCS and the PDCCH monitoring occasions should be defined per slot group with UE support for  different Types that can be identified by the UE as a capability.


Proposal 1: slot-based and  span-based PDCCH monitoring should not be applicable to Rel-17 UEs. 

Proposal 2: RAN1 should support multi-slot monitoring and determine the BD/CCE limits over a group of slots (defined as a slot group/nominal monitoring unit). The slot-group size can be defined based on a reference SCS. 

Proposal 3: RAN1 should define the PDCCH Monitoring Occasions per slot group. The MO could be defined as follows:
· Type 1: For all the slots  in the slot group, PDCCH monitoring occurs within the first X symbols of the multiple slots
· Type 2: For all the slots in the slot group, PDCCH monitoring occurs on any span of X consecutive symbols within the multiple slots. 
· Type 3: All PDCCH monitoring occasions can be in any OFDM symbol of a slot-group with a minimum time separation between 2 consecutive transmissions of the PDCCH. 
· X : Number of OFDM symbols within which the monitoring occasion occurs, 
· Y: minimum number of OFDM symbols between the start of different PDCCH Mos
· Z: Slot group size

Proposal 4: Overbooking and dropping are performed per slot group.

Conclusion
In this contribution, we have discussed PDCCH monitoring enhancements for NR between 52.6GHz and 71 GHz and have the following proposals:
Proposal 1: slot-based and  span-based PDCCH monitoring should not be applicable to Rel-17 UEs. 

Proposal 2: RAN1 should support multi-slot monitoring and determine the BD/CCE limits over a group of slots (defined as a slot group/nominal monitoring unit). The slot-group size can be defined based on a reference SCS. 

Proposal 3: RAN 1 should define the PDCCH Monitoring Occasions per slot group. The MO could be defined as follows:
· Type 1: For all the slots  in the slot group, PDCCH monitoring occurs within the first X symbols of the multiple slots
· Type 2: For all the slots in the slot group, PDCCH monitoring occurs on any span of X consecutive symbols within the multiple slots. 
· Type 3: All PDCCH monitoring occasions can be in any OFDM symbol of a slot-group with a minimum time separation between 2 consecutive transmissions of the PDCCH. 
· X : Number of OFDM symbols within which the monitoring occasion occurs, 
· Y: minimum number of OFDM symbols between the start of different PDCCH Mos
· Z: Slot group size

Proposal 4: Overbooking and dropping are performed per slot group.
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