	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #107-e	R1-2111726
e-Meeting, November 11th – 19th, 2021
[bookmark: Source]Agenda item:	8.2.2
Source:	Samsung
Title:	PDCCH monitoring enhancements for NR from 52.6 GHz to 71 GHz
Document for:	Discussion and Decision
1 [bookmark: _GoBack]Introduction
In RAN1#106bis-e [1], the following conclusions and agreements have been made regarding the PDCCH monitoring enhancement for NR from 52.6 to 71 GHz: 
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

This contribution discusses the further design details for the PDCCH monitoring enhancement for NR from 52.6 to 71 GHz.
2 Multi-slot PDCCH Monitoring
2.1 UE capability for multi-slot PDCCH monitoring
In RAN1#106bis-e, the following two options on defining the UE capability for multi-slot PDCCH monitoring were discussed without consensus. 
· Option A
· A SS can be configured to be within Y consecutive slots within a slot group of X slots; the Y consecutive slots can be located anywhere within the slot group of X slots
· The location of the Y consecutive slots within the slot group of X slots is maintained across different slot groups
· BD attempts for all SS sets (Group (1) SS and Group (2) SS) are restricted to fall within the same Y consecutive slots
· Option B
· For Group (1) SS
· A SS can be configured to be within Y consecutive slots within a slot group of X slots
· The Y consecutive slots can be located anywhere within the slot group of X slots
· The location of the Y consecutive slots within the slot group of X slots is maintained across different slot groups
· BD attempts for all Group (1) SSs are restricted to fall within the same Y consecutive slots
· For Group (2) SS
· A SS can be configured to be anywhere within a slot group of X slots

The intention of Option A is to align the monitoring occasions for all the SS, such that the pattern of Y slots within the X-slot group can be maintained, and the UE can save power in the remaining X-Y slots. In contrast, Option B cannot maintain such power saving gain for Group (2) SS. Especially, Option B requires a UE to perform back-to-back slot monitoring for PDCCH decoding, which is not beneficial for saving UE’s power when implementing with high SCS like 480 and 960 kHz.  

Since the power saving gain is closely related to the value of X-Y: the smaller value of Y, the higher power saving gain. In practice, a UE can support multiple applicable values for combination (X, Y). To provide full flexibility for configuration of search space sets to a network, multiple combinations of (X, Y) can be supported for multi-slot span based PDCCH monitoring at high SCS, such as 480 kHz and 960 kHz, similar to span-based PDCCH monitoring in Rel-16. Within the reported values, it would be beneficial to support a small value of Y (e.g. Y=1) as the mandatory UE capability, and support extra value of Y (e.g. Y=X/2) as optional UE capability. 

A scheduling delay of (X - Y) slots can be large for some cases, such as when X is much larger than Y, or when Y is small, e.g. 1. In addition, there may be some loss in data rate if only single PDSCH/PUSCH scheduling per slot is supported. To overcome those issues, adaptation on combination (X, Y) can be considered when a UE is capable of supporting multiple combinations (X, Y). For example, when a UE reports a capability of multiple combinations (X, Y), the UE can be indicated by the network a selected combination (X, Y) from the multiple combinations. The UE can deactivate or activate some PDCCH monitoring occasions according to the PDCCH configuration limitations for the selected combination (X, Y). The UE can also use a maximum number of PDCCH candidates/non-overlapping CCEs based on the indicated (X, Y).

Moreover, in order to support Option A, modification to CSS default configuration (e.g. Type0-PDCCH configuration by MIB) is expected, and the simplest way is reducing from monitoring two consecutive slots to a single slot. In Rel-15, monitoring two consecutive slots  and  is necessary especially for the case of , and may not be essential for  or , so one potential way to maintain the flexibility for  is to add the configurability between monitoring slot  and  for . 

In the last meeting, potential issue regarding the alignment between Group (1) SS and Group (2) SS due to UE movement was discussed, but the motivation is still not clear. In connected mode, if a UE moves and decides to switch the SS/PBCH block and the associated Group (2) SS, a beam failure recovery procedure will be triggered first, before the RRC reconfiguration of the Group (1) SS. The beam failure recovery procedure is typically a long delay procedure including beam failure detection, new beam selection, beam failure request transmission (e.g. for Rel-15, contention free RACH; for Rel-16: transmit PUCCH-SR + receive uplink grant + transmit PUSCH-MAC CE), receive beam failure recovery response, and new beam reset, wherein the overall delay of BFR can be hundreds of ms. Reconfiguration of RRC, as the follow-up step, may only take tens of ms, so avoiding the reconfiguration of RRC for the Group (1) SS may not be efficient for remarkably reducing the overall latency for switching the beam for Group (2) SS. In this sense, we didn’t a strong motivation to introduce a time offset to align the location of Group (1) SS and Group (2) SS. 

Based on above discussion, we have the following proposal for multi-slot PDCCH monitoring: 

Proposal 1: Support Option A for multi-slot PDCCH monitoring:
· Y=1 is mandatory, and Y=X/2 is optional;
· UE only monitors one slot for Type0-PDCCH:
· Alt 1: the one slot is slot  for all cases;
· Alt 2: the one slot is slot  for  and , and configurable between slot  and  for 
· No need to introduce the time offset for aligning Group (1) and Group (2) SS.

2.2 Multi-slot PDCCH monitoring in IDLE mode
No matter which option for UE capability of multi-slot PDCCH monitoring is adopted, the default UE capability can be utilized for IDLE mode, wherein only Group (2) SS is applicable, and it can save the discussion effort on supporting slot based PDCCH monitoring. 

Proposal 2: For IDLE mode:
· Support the mandatory UE capability for multi-slot PDCCH monitoring;
· Don’t support slot based PDCCH monitoring.

2.3 BD/CCE budgets for multi-slot PDCCH monitoring 
The limits for PDCCH candidates/non-overlapping CCEs at high SCS can be defined per X-slot group depending on PDCCH monitoring capabilities. For multi-slot PDCCH monitoring, the limits for PDCCH candidates and non-overlapping CCEs  can be defined per combination of (X, Y), similar to multi-symbol span based PDCCH monitoring in NR Rel-16. If X is much larger than Y, e.g. X ≥ 2Y, UE should have sufficient time to process the PDCCH decoding located within the Y slots, and in such case, Y may not be essential for determining the values of and , and only X can contribute to determining the values. One simple way of determining such values is reusing the corresponding values for slot based PDCCH monitoring in 120 kHz SCS. 

Proposal 3: Support maximum number  of PDCCH candidates, and maximum number of non-overlapped CCEs, per X-slot group for each combination (X, Y).
3 Enhancement to Search Spacing Set Configurations
3 
To support multi-slot PDCCH monitoring, a UE would expect that a time gap between any two consecutive PDCCH monitoring spans is not smaller than X, while any PDCCH monitoring duration is up to Y slots. PDCCH monitoring occasions are determined according to configured search space sets, where PDCCH monitoring periodicity  and duration are configured in a number of slots for a search space set s, wherein those parameters should be enhanced to be compatible with the multi-slot PDCCH monitoring capability. 
 
Figure 1 illustrates an example of multi-slot PDCCH monitoring with combination of (X = 4, Y =2), wherein the configuration of search space set 3 is invalid because the duration for consecutive PDCCH monitoring occasions from search space sets  is not smaller than Y. In general, the PDCCH monitoring periodicity should not be smaller than X, i.e. , while the PDCCH monitoring duration is not larger than Y, i.e. . Moreover, in order to maintain the repeated pattern of Y slots within X-slot group, the PDCCH monitoring periodicity should be further restricted to the value as integer multiple of X, i.e. , wherein  is a positive integer. 



Figure 1: Illustration of search space set configurations limited by combination of (X = 4, Y =2).

Proposal 4: For multi-slot PDCCH monitoring based on combination (X, Y), the PDCCH monitoring periodicity is , , and the PDCCH monitoring duration is .
4 PDCCH Candidates Dropping for Multi-Slot
In Rel-16, a procedure to resolve overbooking conditions for PDCCH monitoring per slot or span in a slot is specified in TS 38.213. For a search space set, when a resulting total number of monitored PDCCH candidates or non-overlapped CCEs would exceed corresponding maximum values in a slot or span, the UE will drop PDCCH monitoring for the search space set and for remaining search space sets with higher indexes. 

For multi-slot PDCCH monitoring as illustrated in Figure 2, the PDCCH candidate dropping rule should be extended to support PDCCH monitoring in a X-slot group. For example, the time-domain unit of one slot for performing the dropping rule should be extended to a X-slot group, while keeping other details the same as in current specification. Given a multi-slot PDCCH monitoring capability of , and  , a UE should allocates , or  to CSS sets first regardless of the location within the X-slot group, and then allocate the remaining PDCCH candidates or non-overlapping CCEs to USS sets in the order of search space set index. In the example illustrated in Figure 2, the PDCCH candidates/non-overlapping CCEs allocation order for the configured search space sets are: CSS, USS set #1, USS set #2. 



Figure 2: Allocation of PDCCH candidates with combination (X = 4, Y =2).
Moreover, when a UE is configured with CA operation, the PDCCH candidate dropping rule per multi-slot should be extended to multiple CCs that are configured with multi-slot PDCCH monitoring capability. For a UE configured with CA operation, NR Rel-16 supports multiple PDCCH monitoring capabilities, such that gNB can configure some cells with Rel-15 per slot based PDCCH monitoring capability, and some other cells with Rel-16 per span based PDCCH monitoring capability. The same principle can be reused to include multi-slot PDCCH monitoring capability as another candidate for PDCCH monitoring capability configuration. 
Proposal 5: Support PDCCH candidate dropping per a X-slot group for a single serving cell and across multiple CCs in CA.
5 CCE Location Determination per Multi-Slot Duration
Another aspect impacted by multi-slot PDCCH monitoring is the determination of CCE locations for a PDCCH candidate. The determination of CCE indexes for a PDCCH candidate is based on a parameter, ,  where  is the slot index of the PDCCH monitoring occasion. For multi-slot PDCCH monitoring, the index of the first slot from the X-slot group should be used to determine ,  i.e.  is replaced by , for each PDCCH monitoring occasion within the X-slot group; otherwise, with  updated per slot and considering the time-first mapping for PDCCH and that Y can be more than 1 slot, the Rel-16 CCE-based structure for PDCCH transmissions cannot be maintained. 
Proposal 6: For multi-slot PDCCH monitoring,  is replaced by  for determining the CCE location.  
6 Enhancement to GC-PDCCH
For 60 GHz unlicensed band, transmissions are expected to be highly directional. To address the channel access efficiency, a transmitter can choose an intended beam direction to perform the channel access procedure, and the sensed result is exclusively applicable to that intended beam direction only. Hence, indicating COT, available RB set, and search space group switching should be associated with the beam direction, wherein such feature was introduced in Rel-16 NR-U by using DCI format 2_0 and in a cell-specific manner. Generalizing the feature to a beam-specific manner is beneficial to address different interference situations along beam directions, and is compatible with the intention to introduce directional LBT. 
Proposal 7: Support indicating COT, available RB set, and search space group switching in a beam-specific manner for 60 GHz licensed band.
7 Conclusion
The observations and proposals made in this contribution are summarized below:
Proposal 1: Support Option A for multi-slot PDCCH monitoring:
· Y=1 is mandatory, and Y=X/2 is optional;
· UE only monitors one slot for Type0-PDCCH:
· Alt 1: the one slot is slot  for all cases;
· Alt 2: the one slot is slot  for  and , and configurable between slot  and  for 
· No need to introduce the time offset for aligning Group (1) and Group (2) SS.

Proposal 2: For IDLE mode:
· Support the mandatory UE capability for multi-slot PDCCH monitoring;
· Don’t support slot based PDCCH monitoring.

Proposal 3: Support maximum number  of PDCCH candidates, and maximum number of non-overlapped CCEs, per X-slot group for each combination (X, Y).

Proposal 4: For multi-slot PDCCH monitoring based on combination (X, Y), the PDCCH monitoring periodicity is , , and the PDCCH monitoring duration is .

Proposal 5: Support PDCCH candidate dropping per a X-slot group for a single serving cell and across multiple CCs in CA.

Proposal 6: For multi-slot PDCCH monitoring,  is replaced by  for determining the CCE location.  

Proposal 7: Support indicating COT, available RB set, and search space group switching in a beam-specific manner for 60 GHz licensed band.
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