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Introduction
In RAN 1 meeting #106-e, the following agreements for supporting NR from 52.6 GHz to 71 GHz were made [1]:Agreements:
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:
Revise prior agreement including modifications to Alt. 1 as follows:
· 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 separately
· 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: Restrictions on location of the Y slots within a slot group, e.g. the Y slots always start at the first slot within a slot group
· 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

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.



In this contribution, we discuss several aspects of the PDCCH design for supporting NR on frequencies from 52.6 GHz to 71 GHz.

Supporting NR Operation from 52.6 GHz to 71 GHz 
Frequency bands above 52.6 GHz have several advantages such as limited interference, wider bandwidth, high-gain beamforming, multi-beam systems, etc. Therefore, use cases like eMBB with high data rate, short range D2D communications with high data rate, wireless display transfer for AR/VR, etc. can be enabled. To support NR from 52.6 GHz to 71 GHz, operation on both licensed and unlicensed spectrum with a range of ultra-wide-bandwidth frequency bands needs to be considered. For example, the entire 57 GHz – 71 GHz frequency range is available in USA, providing 14 GHz of contiguous bandwidth. In addition, the 66 GHz to 71 GHz band was recently opened for licensed use in international telecommunications union (ITU) Regions 1 and 3.  
In RAN1 #103e meeting, subcarrier spacings (SCS) of 120 KHz, 240 KHz, 480 KHz and 960 KHz (i.e.,  3, 4, 5 and 6 respectively) for NR operation both for licensed and unlicensed bands from 52.6 GHz to 71 GHz has been agreed.  When the larger SCSs/numerologies are introduced, the duration of slot in a subframe will be decreased accordingly. Due to the limited PDCCH processing capability, the number of monitored PDCCH candidates and the number of non-overlapped CCE per slot are expected to be decreased for the higher SCSs/numerologies (e.g., SCS = 480 KHz, 960 KHz, etc.) scenarios in frequency range greater than 52.6 GHz. Therefore, the decreased number of PDCCH candidates and CCEs per slot may limit the scheduling flexibility. Besides, monitoring every slot for PDCCH becomes too frequent and may consume too much UE power in higher frequency range. Besides, link budget reduces roughly by 3dB when the subcarrier spacing doubles. Therefore, PDCCH coverage is degraded when the higher SCSs/numerologies are introduced for NR 52.6 GHz and above.   
In the following sections, we discuss the PDCCH monitoring for NR operation from 52.6 GHz to 71 GHz. 
1.1 PDCCH monitoring consideration for NR form 52.6 GHz to 71 GHz
Due to the limited PDCCH processing capability, the number of monitored PDCCH candidates and the number of non-overlapped CCE per slot are expected to be decreased for the higher SCSs/numerologies (e.g., SCS = 960 KHz). To meet the scheduling requirement as the lower SCSs/numerologies, one approach is to monitor PDCCH in every slot like Rel-15/16. However, this kind of configuration may consume lots of power for a UE especially with the higher SCSs/numerologies for NR from 52.6 GHz to 71 GHz. 
Like Rel-16 URLLC PDCCH monitoring span (X, Y) definition, it can be extended to the mobile broadband (EMBB) service for NR from 52.6 GHz and above with few modifications. The PDCCH monitoring span (X, Y) has been agreed in RAN 1 meeting #106-e for higher SCS/numerology (e.g., SCS 480KHz, 960 kHz) where the first number X is the number of slots between the beginning of two consecutive monitoring occasions, the second number Y is the number of slots or symbols needs to be monitored in a monitoring occasion. For NR from 52.6 GHz and above, the duration per span is across several slots to meet the scheduling requirement due to the number of PDCCH candidate and nonoverlapping CCEs being reduced per slot. 
PDCCH span length X is preconfigured based on the subcarrier spacing (e.g. X=8 for SCS = 960 KHz) thus the PDCCH monitoring span X may not need to be signalled by the higher layer. To simplify the design, it suggests that the slot group (or each PDCCH monitoring span) is aligned with the slot boundary. An example of a PDCCH monitoring span shown in Figure 1. In Figure 1, we assume a configuration of PDCCH monitoring span for SCS = 960 KHz. For this example, let a span (X=8, Y=4) is configured, note the unit for X and Y can be either based on number of slots or symbols and the slot group (a span) is aligned with slot boundary.


Figure 1: Slot group for NR SCS = 960 KHz and is aligned with a slot boundary.
Proposal 1. Slot group for PDCCH monitoring span can be aligned with slot boundary for NR from 52.6 to 71 GHz.
Since common CORESET configuration and search space are shared by multiple UEs in a serving cell, so accordingly, network need to take care alignment with all UEs for this configuration like PDCCH control region for RAR/paging system information. To support more flexible scheduling for single DCI scheduling multi-PDSCH, the starting location (or slot offset) for slot group in a frame may need to be studied. For example,  is equal to 640 for SCS = 960 KHz. For this case, it can have 8 (mod 8) different possible (slot) offset for slot group in a frame as shown in Figure 2. 

 
[bookmark: _Ref83933743]Figure 2: Different staring slot(s) for slot group with SCS = 960 KHz and the slot group is aligned with the slot boundary.
Proposal 2. To support more flexible scheduling for single DCI scheduling multi-PDSCH, the starting slot location in a frame for slot group can be studied for NR from 52.6 to 71 GHz. 
The UE can be configured by the gNB to monitor PDCCH for the maximum number of PDCCH candidates () and nonoverlapping CCEs () defined per span like in Rel-16. In each PDCCH monitoring span, the number of PDCCH candidates and nonoverlapping CCE cannot exceed the UE capability. Therefore, UE behavior can be like legacy NR specification when there is an overbooking. For example, the UE and gNB can map PDCCH candidates in each PDCCH monitoring span as the following mapping rules in legacy NR specification: (1) CSS sets are mapped before USS sets; (2) USS sets are mapped in ascending order of the SS set indices, and if the number of PDCCH candidates/CCEs exceeds either of the UE processing limits, etc.
Proposal 3. UE behavior can be like legacy NR specification when there is an overbooking for single DCI scheduling multi-PDSCHs. 
Conclusions
In this contribution, we discussed the fundamental aspects of PDCCH monitoring for supporting NR from 52.6 to 71 GHz. The following proposals were made:
Proposal 1. Slot group for PDCCH monitoring span can be aligned with slot boundary for NR from 52.6 to 71 GHz.
Proposal 2. To support more flexible scheduling for single DCI scheduling multi-PDSCH, the starting slot location for slot group in a frame can be studied for NR from 52.6 to 71 GHz. 
Proposal 3. UE behavior can be like legacy NR specification when there is an overbooking for single DCI scheduling multi-PDSCHs. 

References 
[1] [bookmark: _Ref79058645][bookmark: _Ref53644681][bookmark: _Ref61518755][bookmark: _Ref40398575][bookmark: _Ref79058682]Chairman Notes, RAN1 #106-e, August 16th – 27th, 2021.
[2] Chairman Notes, RAN1 #104bis-e, April 12th – 20th, 2021.
1

2

image1.emf
Slot Slot Slot Slot Slot Slot Slot Slot Slot Slot Slot Slot

Y=PDCCH monitoring occasion

 

Y=PDCCH monitoring occasion

 

No PDCCH need to 

monitor

PDCCH monitoring span/slot group

...

(X=8, Y=4)


Microsoft_Visio_Drawing.vsdx




Slot
Slot
Slot
Slot




Slot
Slot
Slot
Slot




Slot
Slot
Slot
Slot
Y=PDCCH monitoring occasion
Y=PDCCH monitoring occasion
No PDCCH need to monitor
PDCCH monitoring span/slot group
...
(X=8, Y=4)



image2.emf
Slot

Frame

0 1

2 3

...

4 5 6

639

7 8

(a) starting slot offset = 0

...

...

(c) starting slot offset = 7

...


Microsoft_Visio_Drawing1.vsdx
Slot
(X=8, Y=4)
Frame
























0
1
2
3
...
4
5
6
639
7
8
(a) starting slot offset = 0























...

(X=8, Y=4)


















...
(c) starting slot offset = 7
(X=8, Y=4)
...











