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1. Background
Following draft CRs related to PDCCH structure and search space are summarized in this document.
	TDoc
	Title
	Source
	Agenda item

	R1-1904388
	PDCCH Monitoring for NR-DC
	Samsung
	7.1.3

	R1-1904389
	Draft CR on PDCCH Monitoring for NR-DC
	Samsung, Nokia, Nokia Shanghai Bell
	7.1.3

	R1-1904468
	Clarification on PDCCH candidate monitoring
	MediaTek Inc.
	7.1.3

	R1-1905116
	Correction on physical downlink control channel
	ASUSTeK
	7.1.3

	R1-1905241
	Discussion on PDCCH monitoring for NN-DC in Rel-15 late drop
	Huawei, HiSilicon
	7.1.3

	R1-1905250
	Correction on PDCCH monitoring
	Huawei, HiSilicon
	7.1.3



2. Search space monitoring
R1-1904468 (Section 2) (PDCCH candidate monitoring, MediaTek)
Proposals:
· Clarify that UE still performs CRC check and DCI field parsing/interpretation (if CRC passes) for a candidate which is not counted as a monitored PDCCH candidate according to the description in Section 10.1 of TS 38.213.
· Clarify that a UE first performs PDCCH candidate mapping including overbooking and dropping, then the UE checks if a PDCCH candidate is not counted as a monitored candidate.
· So that a not counted PDCCH candidate does not impact on overbooking and dropping.
The first proposal must be common understanding in RAN1, while not sure whether the clarification is necessary in the spec. It would be one way to capture the clarification in the Chairman’s note as the common understanding.
For the second proposal, 5250 seems discussing the same issue. 4468 proposes to clarify that the UE first performs PDCCH candidate mapping including overbooking and dropping, then counting the PDCCH candidates taking into account potential merging when the conditions are met. Whilst, 5250 proposes to clarify that PDCCH candidate mapping including overbooking and dropping based on the monitored PDCCH candidate (not based on the configured PDCCH candidate). Online discussion is necessary.
Suggestion:
· Clarify in the Chairman’s note that a UE still performs CRC check and DCI field parsing/interpretation (if CRC passes) for a candidate which is not counted as a monitored PDCCH candidate according to Section 10.1 of TS38.213.
· Discuss which direction to go; proposal 2 in 4468 or 5250.

	Company
	View

	CATT
	Agree with DOCOMO

	Samsung
	For the first issue, the specifications say that the PDCCH ‘is not counted’, they do not say ‘is not monitored’. 
For the second issue, for 4468, there is no point to count PDCCH candidates after the search space set dropping – they are all monitored then. In that sense, 5250 is more appropriate. But also have same opinion as with the suggestion by the FL to further discuss as this relates to UE implementation.

	Ericsson
	· First issue: should be common understanding. Fine to clarify
· Second issue: our understanding is more aligned with 5250. Fine to further check what the common understanding is.

	vivo
	We agree with rapporteur’s suggestion.



R1-1905250 (PDCCH monitoring, Huawei)
Reason for change:
· The current specification has not captured the PDCCH candidate mapping procedure correctly. The counting of BDs is calculated as the summation of the number of configured PDCCH candidates without considering the counting rule.
Summary of change:
· Correct TS 38.213 Section 10.1 as following:
	





Denote by , , the number of configured monitored PDCCH candidates for CSS set  and by , , the number of configured monitored PDCCH candidates for USS set . 


For the CSS sets, a UE monitors  PDCCH candidates requiring a total of  non-overlapping CCEs in a slot. 


The UE allocates monitored PDCCH candidates to USS sets for the primary cell having an active DL BWP with SCS configuration  in slot  according to the following pseudocode. A UE does not expect to monitor PDCCH in a USS set without monitored PDCCH candidates.







Denote by  the set of non-overlapping CCEs for search space set  and by  the cardinality of  where the non-overlapping CCEs for search space set  are determined considering the monitored PDCCH candidates for the CSS sets and the monitored PDCCH candidates for all search space sets , .

Set  

Set 

Set 


while  AND 
Observation 1 

allocate  monitored PDCCH candidates to USS set  
Observation 2 
;
Observation 3 
;
Observation 4 
 ;
end while



Suggestion:
· Discuss.
	Company
	View

	CATT
	We are fine with the CR. However, we faced the similar issue when determine the total number of BD/CCEs before, i.e. the PDCCH candidate should be skipped if any Res of it collide with SSB or RMR which will impact the dropping result. Accordingly, we achieved the following agreements at RAN1#94 meeting:
Agreements:
· PDCCH BD/CCE counting is only based on the configured PDCCH decoding candidates (i.e., irrespective of whether or not a PDCCH decoding candidate is dropped, e.g., due to collision with other channels/signals)
· Check further offline on potential spec impact

	Samsung
	Seems OK but it will be good to further discuss the overall issue to address UE implementations. For example, the agreement mentioned above by CATT goes in the opposite direction towards simplifying UE implementation at the cost of counting PDCCH candidate(s) that are not needed.

	Ericsson
	Fine with the change if the second issue in R1-1904468 is clarified along this line.

	vivo
	For this CR, we would like to be clarified on the following questions:
1. For the first change from “configured” to “monitored”, is this change really needed given that on overbooking/dropping can be done for CSS?
2. 

For the second change, according to the “observation 3” of the pseudocode, the term  is the actual number of monitored PDCCH candidates that is summed up by the monitored USS sets. Then, it seems that the correct understanding of the term should be the “configured” BD number, not the “monitored” BD number for each USS set (that is, the current spec is already correct for this)? 




R1-1905116 (PDCCH monitoring, ASUSTEK)
Reason for change:
· The following text in TS38.213: “or if there is a PDCCH candidate with index  in the same search space set  and ” has been added to deal with PDCCH candidates with different carrier indicator within a same SS should be counted as a single blind decode in document R1-1809426. However, the existing text implies PDCCH candidates with same carrier indicator and within same SS should be counted as a single blind decode. 
· The situation  should also be considered. PDCCH candidates with different carrier indicator using a same set of CCEs within a SS might have same PDCCH candidates index when the number of avalible PDCCH candidates with the same aggregation level in the CORESET is less than the  of scheduled cell with maximum carrier indicator.
Summary of change:
· Correct TS 38.213 Section 10.1 as following:
	










A PDCCH candidate with index  for a search space set  using a set of CCEs in a CORESET  on the active DL BWP for serving cell  is not counted as a monitored PDCCH candidate if there is a PDCCH candidate with index  for a search space set , or if there is a PDCCH candidate for serving cell  where serving cell  is serving cell  or serving cell scheduled by serving cell  with index  and , in the CORESET  on the active DL BWP for serving cell  using a same set of CCEs, the PDCCH candidates have identical scrambling, and the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with index  is counted as a monitored PDCCH candidate.



Suggestion:
· Adopt the CR.
	Company
	View

	CATT
	Agree

	Samsung
	It is an optimization at this stage – not an essential correction. It should also be conditioned on the UE indicating support of search space sharing through searchSpaceSharingCA-UL or through searchSpaceSharingCA-DL. 

	Ericsson 
	First agree with Samsung this is an optimization issue. Second the CR in my view does not provide a complete solution: Only s_j is considered. How about m_{s_i, n_CI’}? Also, another minor issue is when n_CI = n_CI’, n < m, i.e., n = m is not a valid case.

	vivo
	Fine with this CR. 



3. PDCCH monitoring for NR-DC
R1-1904388 (PDCCH monitoring for NR-DC, Samsung) and R1-1905241 (PDCCH monitoring for NR-DC, Huawei)
4388 categorizes the options as following and proposes to adopt option 1.
	Option 1. MN divides  between MN and SN (i.e. have  and ) and lets SN and UE know allowed  and .
Option 2. MN and SN exchange the values of  of each cell group for each SCS configuration . 
Option 3. MN derives maximum allowed number of cells for each SCS configuration  and informs it to SN.
Option 4. The parameter pdcch-BlindDetectionCA is set to a dummy value and the UE only report capabilities for a number of CCs that can comply with .



5241 summarizes the alternatives as following and proposes to adopt alternative 1.
	· Alt 1: The number of PDCCH candidates per cell group (CG) is separately determined, and network can semi-statically configure the reference number of cells for blind detection to both MCG and SCG, which can be denoted by  and, respectively. Here, it is worth mentioning, that UE is expected to be configured with  and  satisfying, where is defined in Subclause 10.1 of TS 38.213. Then UE can determine the maximum number of PDCCH candidates for each scheduled cell in MCG or SCG based on current procedure just with   or  instead of . In this case, the total number of PDCCH candidates among all CGs will not exceed UE capability.
· Alt 2: The number of PDCCH candidates per CG is jointly determined by considering the total number of cells in both MCG and SCG.  The parameter   denotes the total number of DL cells with DL BWPs having SCS configuration  of both MCG and SCG. No change is needed for the UE procedure of calculating the maximum number of PDCCH candidates for each scheduled cell in each CG.



Option 1 in 4388 and Alt. 1 in 5241 are actually the same solution; introduce higher-layer parameters  and  and configure them for NR-DC UEs.

On the other hand, R1-1905139 in agenda 7.1.7 proposes following:
	Late drop with two cell groups (MCG in FR1 and SCG  in FR2)

Typically, the FR1 and FR2 capabilities and processing timelines are different, and hence fully flexible PDCCH BD budgeting split or reallocation of BDs/CCEs between FR1 and FR2 would be difficult in cases other than carrier aggregation case (as agreed in last RAN1 meeting) where a single gNB through suitable scheduling decision could manage the BDs amongst configured carriers across both frequency ranges. 

When UE is configured with MCG in FR1 and SCG in FR2, it becomes quite complicated to handle BD/CCEs in both MCG and SCG if a single per-UE pdcch-BlindDetectionCAwithDC capability is reported. It will require inter-gNB signaling between MCG and SCG including partitioning of pdcch-BlindDetectionCAwithDC capability and potential repartitioning of BDs/CCEs in each CG whenever there is a change in configuration of a serving cell in either MCG or the SCG. The inter-gNB signaling can be avoided with per-FR reporting of the capability and the respective gNBs can apply the corresponding reported value. 

[bookmark: _Hlk4779892]Observation 1 : No inter-gNB signaling is required for a UE configured with MCG in FR1 and SCG in FR2, when PDCCH BD capability is reported on per-frequency range basis. 

[bookmark: _Hlk4779498]With per-FR reporting of the BD capability, the existing BD/CCE text in current specifications (38.213) can be readily used with very minimal change (referring to pdcch-BlindDetectionCAwithDC as needed) since the existing formulation of BD/CCE handling (in 38.213) is applied for the serving cells on a per-CG basis. Given all the above discussion, we propose that the following:

Proposal 1 : For UE configured with MCG in FR1 and SCG in FR2, the UE capability signaling with respect to PDCCH BD/CCE capability is as shown below. If needed different values can be used for the numbers in yellow highlight below.

	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	pdcch-BlindDetectionCAwithDC
Indicates PDCCH blind decoding capabilities supported by the UE for CA with more than 4 CCs as specified in TS 38.213 [11] in one cell group when UE is configured with MCG only in FR1 and SCG only in FR2. The field value is from 4 to 16. 

	UE
	Tbd
	No
	Yes



Proposal 2 : For UE configured with MCG in FR1 and SCG in FR2, 
· Apply the reported capability pdcch-BlindDetectionCAwithDC for FR1 for aggregated CCs in MCG only
· Apply the reported capability pdcch-BlindDetectionCAwithDC for FR2 for aggregated CCs in SCG only



Suggestion:
· Select one of the following options.
· Opt.1: Introduce RRC parameters pdcch-BlindDetectionMCG and pdcch-BlindDetectionSCG for late drop UEs, which are the reference number of cells for blind detection for MCG and SCG.
· Corresponding draft CR is available in R1-1904389.
· Opt.2: Introduce UE capability signalling pdcch-BlindDetectionCAwithDC with FR1-FR2 diff = yes. The UE reports the reference numbers of cells for blind detection for FR1 and FR2, which is equivalent to report these for MCG and SCG for Rel.15 late drop UEs.
· Definition of the parameter is available in R1-1905139.
	Company
	View

	CATT
	We prefer option1 as it is a more general solution. For option 2, our understanding is it is only suitable for the case MCG and SCG belongs to different FRs respectively. However, it is also possible that different cell groups belong to the same FR. In this case, Option 2 cannot resolve the problem.

	Samsung
	Option 1 is preferred. For option 2, in practice, the UE will declare half of its CA capability for each CG in NR-DC and the network has no control how to allocate PDCCH candidates on each CG. For example, if 10% are needed on the MCG (e.g. for coverage/mobility) and 90% are needed on the SCG (e.g. for data offloading and CA), that would not be possible with option 2.

	Ericsson
	Support Option 2, as detailed in R1-1905139.

	vivo
	We slightly prefer option 1 as it is clear and straightforward.




R1-1904389 (Draft CR on PDCCH monitoring for NR-DC, Samsung and Nokia)
Reason for change:
· PDCCH monitoring for NR-DC is not described.
Summary of change:
· Update TS 38.213 Section 10.1 as following:
	[bookmark: _Toc535263204][bookmark: _Toc535263205][bookmark: _Ref491451763][bookmark: _Ref491466492]10	UE procedure for receiving control information
*** Unchanged text is omitted ***






If a UE indicates in UE-NR-Capability a carrier aggregation capability larger than 4 serving cells, the UE includes in UE-NR-Capability an indication for a maximum number of PDCCH candidates the UE can monitor per slot when the UE is configured for carrier aggregation operation over more than 4 cells. When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH candidates per slot that corresponds to  downlink cells where  is the value of pdcch-BlindDetectionCA. When a UE is configured for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH candidates per slot that corresponds to  downlink cells for the MCG where  is provided by pdcch-BlindDetectionMCG and determines a capability to monitor a maximum number of PDCCH candidates per slot that corresponds to  downlink cells for the SCG where  is provided by pdcch-BlindDetectionSCG. When the UE is configured for carrier aggregation or NR-DC operation over more than 4 cells, the UE does not expect to monitor per slot a number of PDCCH candidates that is larger than the maximum number. 
10.1	UE procedure for determining physical downlink control channel assignment 
*** Unchanged text is omitted ***
If a UE 

-	is capable for operation with carrier aggregation with a maximum of 4 downlink cells or indicates through pdcch-BlindDetectionCAdetermines a capability to monitor PDCCH candidates for  downlink cells, and 




-	is configured with  downlink cells with DL BWPs having SCS configuration  where  or , respectively,  


the UE is not required to monitor, on the active DL BWP of the scheduling cell, more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell.
If a UE 

-	indicates through pdcch-BlindDetectionCAdetermines a capability to monitor PDCCH candidates for  downlink cells, and 



-	is configured with  downlink cells with DL BWPs having SCS configuration , where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell 



the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. 
*** Unchanged text is omitted *** 



Suggestion:
· First conclude option 1 vs option 2 in the previous topic. 
	Company
	View
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