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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The email discussion is to discuss the remaining issues on enhanced PDCCH monitoring capability.  
[100b-e-NR-L1enh-URLLC-PDCCH enhancements-01] Email discussion/approval on remaining issues on enhanced PDCCH monitoring capability: 
· The per-CC limit on the maximum number of non-overlapping CCEs per monitoring span for (2, 2) and (4, 3)
· The per-CC limit on the maximum number of monitored PDCCH candidates per monitoring span
· Capability on the number of CCs with Rel-16 monitoring capability
by 4/24; if there is a spec impact, endorsing the corresponding TP by 4/29
This document summarizes the details of the discussions on the above issues in section 2. Please note that section 2.7 provides the summary of outcome under this email discussion.    
Enhanced PDCCH monitoring capability 
This section summarize the issues on enhanced PDCCH monitoring capability. 
Values for C and M for enhanced PDCCH monitoring capability
Issue B-1: The per-CC limit on the maximum number of non-overlapping CCEs per monitoring span for (2, 2) and (4, 3)
No agreement has been achieved so far on the number of non-overlapping CCEs for span patterns (2, 2) and (4, 3) for the SCS 15 kHz and 30 kHz. This issue has been extensively discussed during the work item but companies have not been able to converge. 
Currently, the maximum numbers of non-overlapping CCEs are captured as follows in the specification. 
	Table 10.1-3A: Maximum number  of non-overlapped CCEs in a span of a span pattern (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	C01
	C02
	56

	1
	C11
	C12
	56






The views from companies are summarized as below: 
	Company
	15 kHz SCS
	30 kHz SCS

	
	(2, 2)
	(4, 3)
	(2, 2)
	(4, 3)

	Ericsson 
	32
	48
	32
	48

	vivo 
	24
	48
	24
	48

	Nokia 
	32
	48
	32
	48

	MTK 
	24
	48
	24
	48

	OPPO
	-
	-
	16
	32

	CATT 
	24
	32
	24
	32

	Samsung 
	48
	56
	48
	56

	Intel
	20
	40
	20
	38

	Apple 
	18
	32
	18
	32

	Spreadtrum 
	16
	32
	16
	32

	NTT DCM 
	32
	56
	32
	32

	Qualcomm
	16
	36
	16
	36

	Huawei/HiSi 
	28
	36
	28
	36

	ZTE
	16
	36
	16
	36

	Panasonic
	18
	32
	18
	32



The issues was discussed extensively and unfortunately no consensus was achieved. Based on the views in the contributions, it seems same situation is still there. On the one hand, UE vendors cannot provide a higher number due to UE complexity, on the other hand network vendors prefer a larger value and prefer less UE capabilities. In RAN1#99 meeting, we were discussing to take 18 for (2, 2) and 32 for (4, 3) (i.e. option 1 below) as working assumption as shown in R1-1913541, however no consensus was achieved due to the strong concern from a few companies.  Another one possible way is to take multiple values for each combination and let UE report it as UE capability, however it seems some companies don’t like this way either. Let’s take these two options as the starting point for discussion, companies are encouraged to provide your preference.   
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 1: For limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span, 
· Option 1：
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is 32. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18. 
· Option 2：
· For the value of C for combination (4, 3) for 15 kHz and 30 kHz, UE can report one of following values as a UE capability:
· 32
· 48  
· For the value of C for combination (2, 2) for 15 kHz and 30 kHz, UE can report one of following values as a UE capability:
· 16
· 32  

Please provide your views and the corresponding reasons on the following aspects:
· Suggestion if any on the proposed values for either option 1 or option 2. Suggestion here should consider the proposals from all companies from progress perspective, no need to repeat single company proposal.        
· Your preference on the framework between option 1 (i.e. one value) and option 2 (i.e. multiple values as UE capability). If necessary, 1 more value can be considered for option 2.   
· Any strong objection to the framework of option 2? Note that the question is set here since it seems framework of option 2 is the potential way we can go considering the previous discussions.      
	Company
	View

	Qualcomm
	Option 1, but for the value of C under (2,2) pattern, we propose to replace 18 by 16.

	Nokia, NSB
	Option 2 – as based on the suggested numbers for Option 1 & 2 (which are possibly higher for Option 2) – this allows to operation also more powerful UEs up to their full potential compared to Option 1. 
Update below
We could be fine with Option 1, but as some companies below note that we would need the increase the numbers as shown above. Of course we would like to see 48 for (4,3) and 32 for (2,2) – but maybe one suggestion could be to take the average value of the ones of the current Option 2 (i.e. we put us in the middle), i.e. 24 for (2,2) and 40 for (4,3)?

	HW/HiSi
	Slight preference for Option 1.
For Option 2, the high capability, the CCEs for (4,3) could be reduced slightly e.g. to 28 for (2,2) and 36 for (4,3). From the input that companies gave in their contributions, these numbers would allow more UEs to support a high capability, which would be good for the deployment of URLLC.
Update below:
Prefer Option 1. Compared to the original proposal, we are ok to increase the CCEs for (2,2) to 24 and 36 for (4,3) as suggested by some companies.
If no consensus can be reached on the numbers of Option 1, we are fine to come back to the UE capability approach of Option 2.

	Samsung
	Option 1.
A UE has no incentive for option 2 and it only complicates specifications and potentially (if any such UE shows up) UE management by the NW

	ZTE
	We prefer Option1, i.e., not introducing additional UE capability here. But, the value of C for combination (4, 3) is suggested to change from 32 to 36.

	CATT
	Option 1. Also fine with enlarging some values as proposed by ZTE.

	LGE
	We prefer option 1 over option 2.
But our preferred value would be 36 for (4,3) and 16 for (2,2).  

	DOCOMO
	Option 1. We would prefer larger numbers e.g. 24 for (2,2) and 36 for (4,3).

	Intel
	Option 1.
However, we recommend to reduce the values slightly for 30 kHz compared to 15 kHz cases, at least for (2,2) case.
The reduction in available PDCCH processing time between two consecutive spans, relative to the time necessary for the PDCCH processing (for a given implementation), has a more significant impact when going from 15kHz to 30kHz. Thus, a variant of Option 1 we could consider is:
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is 32.
· The value of C for combination (2, 2): 
· for 15 kHz is 20, and
· for 30 kHz is 16.

	OPPO
	Option 1. Less complexity for UE implementation and gNB's scheduling.

	MediaTek
	As highlighted by HiSi, the minimum requirement on the number of supported carriers (minimum value of pdcch-BlindDetectionCA-R15 and minimum value of pdcch-BlindDetectionCA-R16) impact the limit of #CCEs/BDs. Thus, the options for Proposal 1, 2, 3 and 4 should be discussed/agreed together.
 
For proposal 1, we support the “one value” framework (i.e. Option 1), but the current proposed numbers are low, and we suggest adopting the following.
         The value of C for combination (4, 3) for 15 kHz and 30 kHz is 48.
         The value of C for combination (2, 2) for 15 kHz and 30 kHz is 24.
 
We are fine with Option-2 in case there is no consensus on the numbers in option-1. However, we should have some intermediate numbers:
· Option 2： 
· For the value of C for combination (4, 3) for 15 kHz and 30 kHz, UE can report one of following values as a UE capability: 
· 32
· 36
· 48  
· For the value of C for combination (2, 2) for 15 kHz and 30 kHz, UE can report one of following values as a UE capability: 
· 16
· 24
· 32 

	Apple
	Option 1. We would support a reduction in the values in the option but would be against increasing them.

	Ericsson
	Option 1 with modification to the values.
We support values defined without dependency on UE capability, i.e., Option 1 principle. But it is reasonable to update the values in Option 1 to the mean value derived from the companies contributions/inputs. For example, C(4,3) for 15 and 30 kHz is changed from 32 to 40, and C(2,2) for 15 and 30 kHz is changed from 18 to 24.

	vivo
	We prefer option 1 with one value of C per span combination for a given SCS.

	 
	 

	Spreadtrum
	Option 1,
For (2,2) pattern, we prefer to replace 18 by 16 at least for 30kHz SCS.



Summary of the status after first round email discussion
Base on the views from companies, company positions are summarized as below:
· Option 1：
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is 32. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18. 

· Support framework of option 1: Qualcomm, Nokia (2nd), Huawei/HiSilicon, Samsung, ZTE, CATT, LG, NTT DOCOMO, Intel, OPPO, MediaTek, Apple, Ericsson, Vivo, Spreadtrum 
· Modification for (2, 2)
· 18->16: Qualcomm, LG, Spreadtrum
· 18->24: Huawei/HiSilicon, Nokia, NTT DOCOMO, MediaTek, Ericsson 
· Object: Apple 
· 18->20 for 15 kHz, 18->16 for 30 kHz: Intel
· Modification for (4, 3)
· 32->36: Huawei/HiSilicon, ZTE, CATT, LG, NTT DOCOMO
· 32->40: Nokia, Ericsson
· 32->48: MediaTek

· Option 2：
· For the value of C for combination (4, 3) for 15 kHz and 30 kHz, UE can report one of following values as a UE capability:
· 32
· 48  
· For the value of C for combination (2, 2) for 15 kHz and 30 kHz, UE can report one of following values as a UE capability:
· 16
· 32  

· Support framework of option 2: Nokia, Huawei/HiSilicon (2nd), MediaTek (2nd), 
· Modification for (2, 2)
· Add 24 for (2, 2): MediaTek
· Add 28 for (2, 2): Huawei/HiSilicon
· Modification for (4, 3)
· Add 36 for (4, 3): MediaTek, Huawei/HiSilicon 


Feature lead: Based on the views, we can take option 1 as the starting point for the next step discussion. As to the value for (2, 2), 3 companies proposed to reduce it to 16, 5 companies proposed to increase it to 24, based on the situation I would suggest to keep 18 as shown in the current option. As to the value for (4, 3), 8 companies proposed to increase it with 5 companies proposed 36, I would suggest companies to check if we can go to 36.        

Issue B-2: The per-CC limit on the maximum number of monitored PDCCH candidates per monitoring span
No agreement has been achieved on the number of blind decodes for (2, 2), (4, 3) and (7, 3) for the SCS 15 kHz and 30 kHz, nor on the number of supported carriers. Although an enhancement of the number of BDs is not explicitly in the scope of the WID [1], these issues have been extensively discussed during the work item but companies have not been able to converge. 
The maximum numbers of monitored PDCCH candidates per span are captured as follows in the specification:
	
Table 10.1-2A: Maximum number  of monitored PDCCH candidates in a span of a span pattern (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span pattern  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	M01
	M02
	M03

	1
	M11
	M12
	M13






The views from companies are summarized as below:
	Company
	15 kHz SCS
	30 kHz SCS

	
	(2,2)
	(4,3)
	(7,3)
	(2,2)
	(4,3)
	(7,3)

	Ericsson 
	28
	32
	44
	24
	28
	36

	Vivo 
	18
	36
	44
	14
	28
	36

	Nokia 
	20
	30
	44
	16
	24
	36

	MTK 
	14
	30
	44
	12
	24
	36

	OPPO 
	-
	-
	-
	10
	24
	36

	Samsung 
	12
	28
	44
	10
	24
	36

	Intel 
	14
	24
	44
	12
	20
	36

	Apple 
	12
	30
	44
	10
	24
	36

	Spreadtrum 
	10
	24
	36
	8
	18
	28

	NTT DCM 
	12
	30
	44
	10
	24
	36

	Qualcomm 
	12
	28
	44
	10
	24
	36

	HW/HiSi 
	8
	18
	28
	8
	18
	28

	ZTE
	12
	28
	44
	10
	24
	36

	CATT
	12
	22
	44
	10
	16
	36

	Panasonic 
	12
	28
	44
	10
	24
	36


Unfortunately the views are very diverse. Similar as the capability for CCE, the following proposal are given as the starting point for discussion. Note that the values got the most support are given in option 1 in the following proposal. For option 2, really difficult for what value to pick, some medium values are chosen here. And to reduce the potential UE capability, probably we can discuss whether any chance to have same candidate values for 15 kHz and 30 kHz.  
Proposal 2: For limit M on the maximum number of monitored PDCCH candidates per monitoring span, 
· Option 1：
· For 15 kHz,
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is 12 
· For 30 kHz,
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is 10
· Option 2：
· [bookmark: OLE_LINK26]For 15 kHz,
· UE can report one of following values for combination (7, 3) as a UE capability:
· 44  
· 28  
· UE can report one of following values for combination (4, 3) as a UE capability:
· 30  
· 18  
· UE can report one of following values for combination (2, 2) as a UE capability:
· 18  
· 10  

· For 30 kHz,
· UE can report one of following values for combination (7, 3) as a UE capability:
· 36  
· 28  
· UE can report one of following values for combination (4, 3) as a UE capability:
· 24  
· 16  
· UE can report one of following values for combination (2, 2) as a UE capability:
· 16  
· 8  

Please provide your views and the corresponding reasons on the following aspects:
· Suggestion if any on the proposed values for either option 1 or option 2. Suggestion here should consider the proposals from all companies from progress perspective, no need to repeat single company proposal.        
· Your preference on the framework between option 1 (i.e. one value) and option 2 (i.e. multiple values as UE capability). If necessary, 1 more value can be considered for option 2.   
· Any strong objection to the framework of option 2? Note that the question is set here since it seems framework of option 2 is the potential way we can go considering the previous discussions.       
	Company
	View

	Qualcomm
	Option 1.

	Nokia, NSB
	Option 1 – as in contrast to the numbers above for C, the fixed numbers for Option 1 are about at the same level as the maximum the can UE report!

	HW/HiSi
	Option 2
Prefer to discuss this Proposal 2 together with Proposals 3/4. They are very interdependent in our view. Depending on the outcome of this, we should be allowed to revisit the proposed numbers of PDCCH candidates.
Update below:
This shall be discussed together with Proposals 3 and 4.
If minimum number of cells for Rel-16 monitoring is 2, we can go we option 1 and propose to increase the suggested numbers of PDCCH candidates for Rel-16 monitoring for SCS 30 kHz. The same numbers as proposed for 15 kHz should apply. The reason is that most #BDs/span are needed for the span that contains CSS. This need is there regardless if the SCS is 15 kHz or 30 kHz. This should be especially beneficial for (2,2) and (4,3)
Proposal 2: For limit M on the maximum number of monitored PDCCH candidates per monitoring span,
·         Option 1：
· For 15 kHz, and 30 kHz
· The value of M03 for combination (7, 3) is [44, 36]
· The value of M02 for combination (4, 3) is 28
· The value of M01 for combination (2, 2) is 12
If minimum number of cells for Rel-16 monitoring is 4,we propose to go with option 2

	Samsung
	Option 1 – similar reasoning as for proposal 1.

	ZTE
	Option 1. 

	CATT
	Option 1.

	LGE
	Option 1.

	DOCOMO
	Option 1

	Intel
	Option 1

	OPPO
	Option 1.

	MediaTek
	As we highlighted above, the options for Proposal 1, 2, 3 and 4 should be discussed/agreed together.
We are in favour of having the one value framework as in Option-1. Although we prefer slightly larger numbers as in our contribution, we are fine with the proposed numbers.

	Apple
	Option 1

	Ericsson
	Option 1 with modification to the values.
We support values defined without dependency on UE capability, i.e., Option 1 principle. But it is reasonable to update the values in Option 1 to the mean value derived from the companies contributions/inputs. For example, M(2,2) for 15 kHz is changed from 12 to 14, and M(2,2) for 30 kHz is changed from 10 to 12.

	vivo
	We prefer option 1 with one value of M per span combination.

	Spreadtrum
	Option 1



Ericsson (R1-2001784) and CATT (R1-2002082) also discuss the applicability to SCS 60 kHz and 120 kHz. Based on the discussion in previous meeting, it would be good for us to focus on finalizing 15 kHz and 30 kHz first. 

Summary of the status after first round email discussion
Base on the views from companies, company positions are summarized as below:
· Option 1：
· For 15 kHz,
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is 12 
· For 30 kHz,
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is 10

· Support framework of option 1: Qualcomm, Nokia, Huawei/HiSilicon (2nd), Samsung, ZTE, CATT, LG, NTT DOCOMO, Intel, OPPO, MediaTek, Apple, Ericsson, Vivo, Spreadtrum 
· Modification
· Same value for 15 kHz applied to 30 kHz: Huawei/HiSilicon
· 12 ->14 for (2, 2) for 15 kHz, 10->12 for (2, 2) for 30 kHz: Ericsson 

· Option 2：
· For 15 kHz,
· UE can report one of following values for combination (7, 3) as a UE capability:
· 44  
· 28  
· UE can report one of following values for combination (4, 3) as a UE capability:
· 30  
· 18  
· UE can report one of following values for combination (2, 2) as a UE capability:
· 18  
· 10  

· For 30 kHz,
· UE can report one of following values for combination (7, 3) as a UE capability:
· 36  
· 28  
· UE can report one of following values for combination (4, 3) as a UE capability:
· 24  
· 16  
· UE can report one of following values for combination (2, 2) as a UE capability:
· 16  
· 8  

· Support framework of option 2: Huawei/HiSilicon (1st) 

Feature lead: Based on the views, we can take option 1 as the starting point for the next step discussion. Two companies proposed to increase the number for (2, 2) for 30 kHz to 12, companies please check whether it can be acceptable for you. Since there is some chance to increase the value for (2, 2) for 30 kHz, I would like to check if any chance to increase the value for (2, 2) for 15 kHz also.     

Issue B-3: Capability on the number of CCs with Rel-16 monitoring capability 
In the RAN1#99 meeting, the following agreement was made:
	Agreement from RAN1#99
UE reports its PDCCH monitoring capability for the following cases:
· Case 1: Capability on the number of CCs with Rel-15 monitoring capability only
· This capability already exists in Rel-15
· Case 2: Capability on the number of CCs with Rel-16 monitoring capability only
· pdcch-BlindDetectionCA-R16 can be smaller than 4
· Case 3: Capability on the number of CCs with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· Each of pdcch-BlindDetectionCA-R16 and pdcch-BlindDetectionCA-R15 can be smaller than 4
· (The minimum of pdcch-BlindDetectionCA-R15 + The minimum of pdcch-BlindDetectionCA-R16) is not larger than 4
· FFS (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) can be smaller than 4  
pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 for the above three cases can be reported separately



Case 2: Some companies provide their view on pdcch-BlindDetectionCA-R16 for case 2 explicitly. Some companies may implicitly provide their views from the value for case 3 by assuming any combination of (#Rel-16, #Rel-15) as long as the total number equal to 4. Note that the following in bracket is just my guess, if not correct please feel free to correct it when you reply.   
· Option 1：Minimum of pdcch-BlindDetectionCA-R16 = 4
· Support: [Ericsson], [Nokia], [CATT], [NTT DOCOMO], [Panasonic], Huawei/HiSilicon 
· Option 2：Minimum of pdcch-BlindDetectionCA-R16 = 2
· Support: Qualcomm, [MTK], [Samsung], [Spreadtrum], Apple
Considering also the values proposed by companies in section 4.1 and section 4.2, and in theory, it can be observed that the number of CC to be supported may be related to the value of M also. For example, it is possible that if the value of M is smaller, then more CC with Rel-16 capability can be supported, while a larger value of M may result in smaller number of CC to be supported. Therefore, if we really cannot achieve consensus to go with one single value, one alternative for us is to let UE to report as UE capability. 
In Rel-15, candidate value for pdcch-BlindDetectionCA can be 4 to 16. Here assuming up to 16 carriers can be possible for UE supporting Rel-16 PDCCH monitoring capability also. The range for each option below is inferred from the proposals from different companies as the starting point of discussion, companies can further show your views. 
Proposal 3: For the case with Rel-16 monitoring capability only on all the serving cells (i.e. case 2), UE will report pdcch-BlindDetectionCA-R16 following one of the following options
· Option 1：Minimum of pdcch-BlindDetectionCA-R16 = 4
· Candidate values for pdcch-BlindDetectionCA-R16 is 4 to 16
· Option 2：Minimum of pdcch-BlindDetectionCA-R16 = 2
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 8
· Option 3: Minimum of pdcch-BlindDetectionCA-R16 = 2
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 16
Companies are encouraged to provide your preference and your reasons. If you have strong objection on any option, please indicate here also. Considering we have to solve this issue by email discussions, please all of you to be constructive also.  
	Company
	View

	Qualcomm
	Option 2or 3.  For the lower bound, based on our proposed values for M and C per span, the complexity of processing each Rel. 16 carrier is twice a Rel. 15 carrier.  Given that the minimum value of pdcch-BlindDetectionCA for Rel. 15 is 4, for  Rel. 16, this value should be 2.  
Option 1 is not agreeable by us.  

	Nokia, NSB
	Option 1
Please note even if we would allow to start at a value of 2, there is no need to restrict the capability reporting to 8 carriers with Option 2. We think the decision should be only between having the start either set to 2 or 4 but the maximum given by 16 – so the decision should be between Option 1 and Option 3 (and Option 2 should be removed).  

	HW/HiSi
	This proposal should be discussed together with Proposal 2.
Option 1 is our preference.
Update below:
This shall be agreed together with Proposal 2.
If option 1 in proposal 2 is agreed, we support Option 3. If option 2 is Proposal 2 is agreed, we prefer Option 1.  Option 2 from this proposal should be removed.

	Samsung
	Option 2 or option 3.
Option 1 requires (potentially much) larger complexity that in Rel-15 while a case for aggressive CA support with span-based PDCCH monitoring does not exist.

	ZTE
	Option 1. We agree with Nokia that Option 2 should be removed. 

	CATT
	Option 1.

	LGE
	Option 3.

	DOCOMO
	Option 1
Update below:
Agree with HW. This shall be agreed together with Proposal 2.
If option 1 in proposal 2 is agreed, we support Option 3. If option 2 is Proposal 2 is agreed, we prefer Option 1.

	Intel
	Option 3 is preferred. We don’t see a need to decrease the max value in the range as suggested for Option 2, this can be up to the UE implementation.

	OPPO
	Option 2 or 3. Option 1 is not acceptable due to larger  complexity for UE

	MediaTek
	As we highlighted above, the options for Proposal 1, 2, 3 and 4 should be discussed/agreed together.
We support Option 3. We object Option 1. 

	Apple
	A preference for Option 2 over Option 3. We also object  to Option 1

	Ericsson
	Option 1.
Option 3 is also acceptable to us if min=2 is needed for lower end UE. The max of 16 should not be changed, so that band/band combinations that were usable for Rel-15 can also be used for Rel-16.

	vivo
	Option 2 or option 3

	Spreadtrum
	Option 3 or 2 are preferred.



Summary of the status after first round email discussion
Base on the views from companies, company positions are summarized as below:
· Option 1：Minimum of pdcch-BlindDetectionCA-R16 = 4
· Candidate values for pdcch-BlindDetectionCA-R16 is 4 to 16

· Support: Ericsson, Nokia, CATT, NTT DOCOMO, [Panasonic], Huawei/HiSilicon, ZTE, 

· Object: Qualcomm, MediaTek, Apple


· Option 2：Minimum of pdcch-BlindDetectionCA-R16 = 2
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 8

· Support: Qualcomm, MTK, Samsung, [Spreadtrum], Apple, OPPO, Vivo, Spreadtrum

· Option 3: Minimum of pdcch-BlindDetectionCA-R16 = 2
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 16

· Support: Samsung, LGE, Intel, OPPO, MediaTek, Vivo, Spreadtrum, Ericsson (2nd), Huawei/HiSilicon (if with option 1 of proposal 2), NTT DOCOMO (if with option 1 of proposal 2)
Feature lead: Since there is objection to option 1, and it is observed that if we go to option 1 it is very likely that smaller values for C and M would be made, companies are encouraged to consider Minimum of pdcch-BlindDetectionCA-R16 = 2, as mentioned by Klaus that it seems more important to get a larger value for single serving cell compared to get a larger value for the minimum of pdcch-BlindDetectionCA-R16. As to the upper bound for pdcch-BlindDetectionCA-R16, I would suggest companies to consider 16 instead of 8, as a compromise between option 1 and option 2. In addition, a larger value for the upper bound can enable the chance for more powerful UE in the future, and it won’t have impact on the implementation of the recent UE implementation. Therefore, hopefully companies can be constructive and accept the range 2 to 16 for pdcch-BlindDetectionCA-R16 for case 2.   

Case 3: Some companies provide views on case 3 as summarized as below:  
	Company
	the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) can be smaller than 4
	Feature lead comment

	Ericsson 
	4
	Comment #1: From feature lead perspective, it means that UE can support the combination of (#Rel-16, #Rel-15) as below:
(4, 0)
(3, 1)
(2, 2)
(1, 3)
(0, 4)

	Nokia
	4
	Similar as above comment #1 

	MTK 
	<4 (1 Rel 16 + 2 Rel-15)
	

	CATT 
	4
	Similar as above comment #1

	Samsung 
	< 4(1 Rel 16 + 2 Rel-15)
	

	Spreadtrum 
	[bookmark: OLE_LINK27]< 4(1 Rel 16 + 2 Rel-15)
	

	Qualcomm 
	[bookmark: OLE_LINK18]<4 (1 Rel + 2 Rel-15)
	

	HW/HiSi 
	4
	Similar as above comment #1

	NTT DOCOMO
	4
	

	Apple 
	<4 (1 Rel + 2 Rel-15)
	

	Panasonic 
	4
	



As shown in the above table, company positions can be shown as below also:
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]Option 1：Minimum of pdcch-BlindDetectionCA-R15 + Minimum of pdcch-BlindDetectionCA-R1 = 4
· Support: Ericsson, Nokia, CATT, Huawei/HiSilicon, NTT DOCOMO, Panasonic
· Option 2：The minimum value of pdcch-BlindDetectionCA-R15 is 2 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· Support: MTK, Qualcomm, Samsung, Spreadtrum, Apple 
Based on the current agreement, the UE is to report a single Case 3 combination of pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16. R1-2001694 expressed that this to be slightly restrictive, and proposes to support more than one case 3 combination (i.e. combination of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16) to be reported by the UE, to be able to operate the UE up to its full potential capability. For example, if UE only reports 2 R16 + 2 R15 for case 3, then if the gNB would only configure a single R16 CC based on the reported capability it would not know that actually 4 R15 CCs could be configured in addition as the reported capability only indicates 2 R15 CCs (i.e. gNB cannot configure the UE up to its full potential). From feature lead point of view, it seems a reasonable way to go. 
In Rel-15, candidate value for pdcch-BlindDetectionCA can be 4 to 16. Here assuming up to 16 carriers can be possible for UE supporting Rel-16 PDCCH monitoring capability also. The range for each option below is inferred from the proposals from different companies as the starting point of discussion, companies can further show your views. 
Proposal 4: For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 following one of the following options: 
· Option 1：UE will report one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability
· Minimum of pdcch-BlindDetectionCA-R15 + Minimum of pdcch-BlindDetectionCA-R16 = 4
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
· Option 2：UE will report one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability
· The minimum value of pdcch-BlindDetectionCA-R15 is 2 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <16
· Candidate values for pdcch-BlindDetectionCA-R15 is 2 to 14
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 7
· Option 3：UE will report more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability  
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16 

Companies are encouraged to provide your preference and your reasons. If you have strong objection on any option, please indicate here also. Considering we have to solve this issue by email discussions, please all of you to be constructive also.  
	Company
	View

	
	

	
	



Summary of the status after first round email discussion
According to the discussion, the above proposal 4 is split into proposal 4-a and proposal 4-b, and company positions are summarized as below:
Proposal 4-a: For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 following one of the following options
· Option A: UE will report one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability
· Support: Ericsson,
· Option B: UE will report more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability 
· Support: MediaTek, Apple, CATT, Qualcomm, Huawei/HiSilicon, Spreadtrum, NTT DOCOMO, Nokia,
Companies are encouraged to provide your preference and your reasons. If you support option B, please also provide your views on how to avoid ambiguity between gNB and UE on which combination to use for scaling the PDCCH monitoring capability.    
	Company
	View

	Feature  lead
	The intention of option B is to allow to report more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16). More explanation in the summary copied below
	Based on the current agreement, the UE is to report a single Case 3    combination of pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16.    R1-2001694 expressed that this to be slightly restrictive, and proposes to    support more than one case 3 combination (i.e. combination of    pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16) to be reported by    the UE, to be able to operate the UE up to its full potential capability.    For example, if UE only reports 2 R16 + 2 R15 for case 3, then if the gNB    would only configure a single R16 CC based on the reported capability it    would not know that actually 4 R15 CCs could be configured in addition as    the reported capability only indicates 2 R15 CCs (i.e. gNB cannot configure    the UE up to its full potential). From feature lead point of view, it seems    a reasonable way to go. 




	MediaTek
	Option B. It allows the UE to report different combinations for R15/R16, e.g. (4 R15 + 1 R16) & (2 R15 + 2 R16). Option A doesn’t offer such flexibility in reporting.

	 Apple
	Option B. We do like the added flexibility but we would need clarification on if the different combinations are the only options that the gNB will configure or there will be some rules to map the signaled combinations to the combinations that can be configured.

	Ericsson
	Option A.
Option B is fine granularity optimization, but very difficult for the network to utilize in practice.

	CATT2
	Option B.
Our initial position is Option A (which is reflected by option1 under proposal 4). After a further thinking we agree with FL that Option B is a better way to go. My understanding is that it is quite similar to FG3-5b wherein multiple (X, Y) combinations can be reported. gNB can  configure the search space based on the combinations of(pdcch-BlindDetectionCA-R15,  pdcch-BlindDetectionCA-R16) as the similar way in Rel-15.

	Qualcomm
	Option B

	HW/HiSi
	Option B

	Spreadtrum
	Option B

	DOCOMO
	Option B

	ZTE
	We need first clarify how Option B works before we make a further down-select. 

	Nokia, NSB
	Option B
ZTE got a good point if this should be the number of CCs for the combination and not the PDCCH processing power here. 


 
Proposal 4-b: For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), one of the following options on the signaling details is taken: 
· Option 1：
· Minimum of pdcch-BlindDetectionCA-R15 + Minimum of pdcch-BlindDetectionCA-R16 = 4
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 

· Support: Huawei/HiSilicon, ZTE, CATT, NTT DOCOMO, Ericsson, 

· Option 2：
· The minimum value of pdcch-BlindDetectionCA-R15 is 2 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <16
· Candidate values for pdcch-BlindDetectionCA-R15 is 2 to 14
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 7
·  Support: Qualcomm, Samsung, LG, Intel, OPPO, MediaTek, Apple, Vivo, Spreadtrum

· MediaTek
· Candidate values for pdcch-BlindDetectionCA-R15 is 2 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 14

· Option 3：
· The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 

· Support: Nokia, Huawei/HiSilicon, MediaTek, Vivo, CATT, 

Companies are encouraged to provide your preference and your reasons. If you support option 2, please also provide your views on whether we can do the following two changes:
· Candidate values for pdcch-BlindDetectionCA-R15 is 2 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 14
	Company
	View

	Feature lead
	Note that I assumed the company position for original proposal 4 would be the same for option 4-b here, if it is not exactly the same please correct it. Sorry for the inconvenience.
Original Proposal 4: For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report pdcch-BlindDetectionCA-R15 andpdcch-BlindDetectionCA-R16 following one of the following options:
·         Option 1：UE will report one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability
o   Minimum of pdcch-BlindDetectionCA-R15 + Minimum of pdcch-BlindDetectionCA-R16 = 4
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
 
·         Option 2：UE will report one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability
o   The minimum value of pdcch-BlindDetectionCA-R15 is 2 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 2 to 14
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to [7]
 
·         Option 3：UE will report more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability 
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16

	Qualcomm
	Option 2 is our preference assumingpdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16.
Feature lead: My original assumption is that under option 2 UE will use more than one R15 capability to implement one R16 carrier, thus I was thinking impossible to go up to 16 for the total number and the upper bound for R16 is 7. So if following the logic here, candidate values for pdcch-BlindDetectionCA-R16 can go up to 15 also?
Klaus / Nokia: From signaling perspective, is there any reason to have the limit to 7 Rel-16 carriers. There could be UEs coming in the future,  that may be able to do more 7 Rel-16 and still some Rel-15 on top. So at least the UE capability framework should be flexible enough to also support ‘highest-end’ devices for the upcoming decade (not just the chipset 2021-23 product plans).
Besides the minimum values that are different between Option 2 and 3, it seems that the other main difference is that under Option 2, the UE should only report one set, but under Option 3, multiple sets can be reported. However, this is related to the type of signaling. For a given band, it should be possible to report a capability multiple times, each time with a separate reporting in our understanding. It would be good to clarify this.
Feature lead: So here you assumed that the capability will be reported in FS or FSPC way? If in the end we agree the capability will be reported in FS or FSPC, as you said it might be reported multiple times. As what Klaus explained below, the original intention for option 3 is to allow reporting multiple combinations for the same band and band combination. I added some further information above.
Klaus / Nokia: Agree with Chengyan here. So maybe better to split the discussion if one or more than one combination – and then what the signaling framework (min/max) is. 
Option 1 is not fine with us.

	Nokia, NSB
	Update: 
Option 3 
As noted by Qualcomm above – this may be a bit unclear here on how the signaling is done. Our intention is to guarantee the UE can provide for the same band and band combination multiple combinations to be able to operate the UE up to its full potential (as discussed in Sec. 3.2 of our contribution R1-2001694).

	HW/HiSi
	This proposal should be discussed together with Proposal 2.
Option 1 is our current preference. But we would like to discuss further to understand better:
Option 3 seems similar to Option 1 from the functionality point of view. Both Option 1 and Option 3 allow for multiple combinations of Rel-16/Rel-15 capabilities. Whereas Option 2 has one combination.
In a first step, instead of down-selecting between option 1,2 and 3, it could make sense to agree on whether we only should report on combination (Option 2) or multiple combinations (Opt1 or Opt 3).
Update below:
Option 1 or Option 3.

	Samsung
	Option 2 with the update from Qualcomm.

	ZTE
	We prefer Option 1.

For Option 3, it's not clear for us how to determine  [image: cid:image003.jpg@01D61911.67B10080] and [image: cid:image002.jpg@01D61911.67B10080]  for PDCCH monitoring if there are multiple combinations are reported by UE.

	CATT
	Option 1 is preferred.

	LGE
	Option 2, and a UE can report multiple combinations of UE capability as QC pointed out.

	DOCOMO
	Option 1 is preferred, while we are fine to discuss option 3 further.

	Intel
	Option 2 (with the correction from Qualcomm) is preferred.

	OPPO
	Option 2 (with the correction from Qualcomm) is preferred.

	MediaTek
	Option 3. We are fine with Option 2 as well, and we support the proposed changes for Option 2.

	Apple
	Option 2. We are okay with option 3 with a reduction in the maximum candidate value for pdcch-BlindDetectionCA-R16 to 7

	Ericsson
	Option 1.
The same range of # CCs supported by Rel-15 should also be supported by Rel-16.
Also, in our understanding, this UE capability report is per band per band combination. Thus, for different band/band combinations, different values can be reported. This aspect should be further clarified.

	vivo
	Option 2 or option 3

	CATT2
	For option 3, just wondering why the ‘The minimum value of pdcch-BlindDetectionCA-R15 is1 and the minimum value of pdcch-BlindDetectionCA-R16is 1’.
Even for option two, the minimum value of pdcch-BlindDetectionCA-R15 and the minimum value of pdcch-BlindDetectionCA-R16 is (2, 1). Shouldn’t it be at aligned with option2?

	Spreadtrum
	Option 2 is preferred.




Potential proposals based on the first round email discussion 
Based on the first round email discussion, several companies think the proposals for the three issue needs to be discussed together, since the choice for one proposal may have impact on the choice for another proposal. At least from the UE vendors’ perspective, this should be the common understanding. Therefore, it seems no chance to agree them separately. 
However, I think the most related proposals are proposal 1, proposal 2 and proposal 3. Once we achieve agreement on pdcch-BlindDetectionCA-R16 for case 2, it can progress the discussion for proposal 4.  

Proposal 1: For enhanced PDCCH monitoring capability, 
· For limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span, 
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is 36. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18. 
· For limit M on the maximum number of monitored PDCCH candidates per monitoring span, 
· For 15 kHz,
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is [12 or 14] 
· For 30 kHz,
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is [10 or 12]
· For the case with Rel-16 monitoring capability only on all the serving cells (i.e. case 2), 
· Minimum of pdcch-BlindDetectionCA-R16 = 2
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 16

Please comment if you have strong concern on the larger value in the bracket. Please comment if you have strong concern on other parts of the proposal. The proposal might not be exactly as your proposal, but hopefully you can consider it to be constructive.     
	Company
	View

	
	

	
	



===================================
Summary of the status after first round email discussion for original proposal 1
Base on the views from companies, company positions are summarized as below:
· Option 1：
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is 32. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18. 

· Support framework of option 1: Qualcomm, Nokia (2nd), Huawei/HiSilicon, Samsung, ZTE, CATT, LG, NTT DOCOMO, Intel, OPPO, MediaTek, Apple, Ericsson, Vivo, Spreadtrum 
· Modification for (2, 2)
· 18->16: Qualcomm, LG, Spreadtrum
· 18->24: Huawei/HiSilicon, Nokia, NTT DOCOMO, MediaTek, Ericsson 
· Object: Apple 
· 18->20 for 15 kHz, 18->16 for 30 kHz: Intel
· Modification for (4, 3)
· 32->36: Huawei/HiSilicon, ZTE, CATT, LG, NTT DOCOMO
· 32->40: Nokia, Ericsson
· 32->48: MediaTek

· Option 2：
· For the value of C for combination (4, 3) for 15 kHz and 30 kHz, UE can report one of following values as a UE capability:
· 32
· 48  
· For the value of C for combination (2, 2) for 15 kHz and 30 kHz, UE can report one of following values as a UE capability:
· 16
· 32  

· Support framework of option 2: Nokia, Huawei/HiSilicon (2nd), MediaTek (2nd), 
· Modification for (2, 2)
· Add 24 for (2, 2): MediaTek
· Add 28 for (2, 2): Huawei/HiSilicon
· Modification for (4, 3)
· Add 36 for (4, 3): MediaTek, Huawei/HiSilicon 


Feature lead: Based on the views, we can take option 1 as the starting point for the next step discussion. As to the value for (2, 2), 3 companies proposed to reduce it to 16, 5 companies proposed to increase it to 24, based on the situation I would suggest to keep 18 as shown in the current option. As to the value for (4, 3), 8 companies proposed to increase it with 5 companies proposed 36, I would suggest companies to check if we can go to 36.    

Summary of the status after first round email discussion for original proposal 2
Base on the views from companies, company positions are summarized as below:
· Option 1：
· For 15 kHz,
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is 12 
· For 30 kHz,
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is 10

· Support framework of option 1: Qualcomm, Nokia, Huawei/HiSilicon (2nd), Samsung, ZTE, CATT, LG, NTT DOCOMO, Intel, OPPO, MediaTek, Apple, Ericsson, Vivo, Spreadtrum 
· Modification
· Same value for 15 kHz applied to 30 kHz: Huawei/HiSilicon
· 12 ->14 for (2, 2) for 15 kHz, 10->12 for (2, 2) for 30 kHz: Ericsson 

· Option 2：
· For 15 kHz,
· UE can report one of following values for combination (7, 3) as a UE capability:
· 44  
· 28  
· UE can report one of following values for combination (4, 3) as a UE capability:
· 30  
· 18  
· UE can report one of following values for combination (2, 2) as a UE capability:
· 18  
· 10  

· For 30 kHz,
· UE can report one of following values for combination (7, 3) as a UE capability:
· 36  
· 28  
· UE can report one of following values for combination (4, 3) as a UE capability:
· 24  
· 16  
· UE can report one of following values for combination (2, 2) as a UE capability:
· 16  
· 8  

· Support framework of option 2: Huawei/HiSilicon (1st) 

Feature lead: Based on the views, we can take option 1 as the starting point for the next step discussion. Two companies proposed to increase the number for (2, 2) for 30 kHz to 12, companies please check whether it can be acceptable for you. Since there is some chance to increase the value for (2, 2) for 30 kHz, I would like to check if any chance to increase the value for (2, 2) for 15 kHz also.  

Summary of the status after first round email discussion for original proposal 3
Base on the views from companies, company positions are summarized as below:
· Option 1：Minimum of pdcch-BlindDetectionCA-R16 = 4
· Candidate values for pdcch-BlindDetectionCA-R16 is 4 to 16

· Support: Ericsson, Nokia, CATT, NTT DOCOMO, [Panasonic], Huawei/HiSilicon, ZTE, 

· Object: Qualcomm, MediaTek, Apple


· Option 2：Minimum of pdcch-BlindDetectionCA-R16 = 2
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 8

· Support: Qualcomm, MTK, Samsung, [Spreadtrum], Apple, OPPO, Vivo, Spreadtrum

· Option 3: Minimum of pdcch-BlindDetectionCA-R16 = 2
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 16

· Support: Samsung, LGE, Intel, OPPO, MediaTek, Vivo, Spreadtrum, Ericsson (2nd), Huawei/HiSilicon (if with option 1 of proposal 2), NTT DOCOMO (if with option 1 of proposal 2)
Feature lead: Since there is objection to option 1, and it is observed that if we go to option 1 it is very likely that smaller values for C and M would be made, companies are encouraged to consider Minimum of pdcch-BlindDetectionCA-R16 = 2, as mentioned by Klaus that it seems more important to get a larger value for single serving cell compared to get a larger value for the minimum of pdcch-BlindDetectionCA-R16. As to the upper bound for pdcch-BlindDetectionCA-R16, I would suggest companies to consider 16 instead of 8, as a compromise between option 1 and option 2. In addition, a larger value for the upper bound can enable the chance for more powerful UE in the future, and it won’t have impact on the implementation of the recent UE implementation. Therefore, hopefully companies can be constructive and accept the range 2 to 16 for pdcch-BlindDetectionCA-R16 for case 2.   
===================================================

Proposal 2: For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report one or more combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability.
· If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16),
· Alt. 1: gNB configure which combination for UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability
· Alt. 2: The combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) with the closet value to the configured number of cells with Rel-16 monitoring capability is used to scale PDCCH monitoring capability if the number of CCs configured is larger than the reported capability.   

Please provide your comment on the above proposal.       
	Company
	View

	Feature lead
	Definition of the combination to be reported 
At least from my side, the combination here is the combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), that is the reported value here is the limit of the number of CCs that UE can operate without scaling the PDCCH capability, similar definition as pdcch-BlindDetectionCA in Rel-15.  
For example, if we assume in Rel-15 a UE can report pdcch-BlindDetectionCA as 8, assuming two Rel-15 capability can be used to achieve 1 Rel-16 PDCCH monitoring capability, then the potential combination here can be (6, 1), (4, 2) and (2, 3). Note that here is just to given an example, it doesn’t mean that UE will implement it this way.   
Note that multiple combinations here is not intended for different Rel-15 PDCCH monitoring capabilities, e.g. not one for FG 3-1+ FG 11-2 and another one for FG 3-5b + FG 11-2, here it means even for the single combination of (FG 3-1, FG 11-2) , more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) can be reported. 
In my understanding, the multiple combination reporting here is to use the similar way we do for pdcch-BlindDetectionCA reporting in Rel-15. And it is not coupled with whether we will do per BC or per FS for Rel-16 PDCCH monitoring capability reporting (i.e. FG 11-2). 
Motivation to allow reporting more than one combination
To be able to operate the UE up to its full potential capability.    Take the above example, if UE only reports (4, 2) for case 3, then if the gNB would only configure a single R16 CC based on the reported capability and configure 7 R16 CCs, then UE will use 4 as the limit to scale the Rel-15 PDCCH monitoring capability, however actually UE is ok to operate up to 6 Rel-15 CCs without scaling if only 1 Rel-16 CC is configured. Therefore, reporting multiple combinations would be able to let to use the full capability.    

	
	



=====================================================
Summary of company positions
· Option A: UE will report one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability
· Support: Ericsson,
· Option B: UE will report more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability 
· Support: MediaTek, Apple, CATT, Qualcomm, Huawei/HiSilicon, Spreadtrum, NTT DOCOMO, Nokia,
=====================================================

Proposal 3: For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), 
· The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 
Please provide your comment on the above proposal.       
	Company
	View

	Feature lead
	To align with proposal 1 and proposal 2, option 3 in the original proposal 4-b should be chosen.
Reason for the minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1   
To response CATT’s question, if we allow UE to report multiple combination as explained under proposal 4, then the minimum value of both pdcch-BlindDetectionCA-R15 and t pdcch-BlindDetectionCA-R16 can go down to 1.   

	
	




=====================================================
Summary of company positions
· Option 1：
· Minimum of pdcch-BlindDetectionCA-R15 + Minimum of pdcch-BlindDetectionCA-R16 = 4
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 

· Support: Huawei/HiSilicon, ZTE, CATT, NTT DOCOMO, Ericsson, 

· Option 2：
· The minimum value of pdcch-BlindDetectionCA-R15 is 2 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <16
· Candidate values for pdcch-BlindDetectionCA-R15 is 2 to 14
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 7
·  Support: Qualcomm, Samsung, LG, Intel, OPPO, MediaTek, Apple, Vivo, Spreadtrum

· MediaTek
· Candidate values for pdcch-BlindDetectionCA-R15 is 2 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 14
· Option 3：
· The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 

· Support: Nokia, Huawei/HiSilicon, MediaTek, Vivo, CATT, 
=====================================================

Proposals and status based on the second round email discussion 
Based on further email discussion, proposals and status are updated as below: 

Proposal 1: For enhanced PDCCH monitoring capability, 
· For limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span, 
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is 36. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18. 
· For limit M on the maximum number of monitored PDCCH candidates per monitoring span, 
· For 15 kHz, 
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is [12 or 14] 
· For 30 kHz, 
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is [10 or 12]
· For the case with Rel-16 monitoring capability only on all the serving cells (i.e. case 2), 
· Minimum of pdcch-BlindDetectionCA-R16 = 2 
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 16

Please comment if you have strong concern on the proposal. The proposal might not be exactly as your proposal, but hopefully you can consider it to be constructive.     
	Company
	View

	Feature lead
	1. As to “The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18”,  1 company (Qualcomm) suggested to reduce it to 16, while 2 companies (MTK, E//) suggested to increase it to 24. Also considering the views from other companies shared before, I would still suggest to keep it as 18 for compromise. 
1. As to “The value of M01 for combination (2, 2) is [12 or 14]”, 2 companies (E//, Huawei/HiSilicon) suggested to increase 12 to 14, 1 company (Qualcomm) shared the concern on 14. I would leave it now to see if any more views. Chairman can make the decision also if deadline passed.  
1.  As to “The value of M11 for combination (2, 2) is [10 or 12]”, 2 companies (E//, Huawei/HiSilicon) suggested to increase it to 12, 1 company (Qualcomm)  shared the concern on 12. I would leave it now to see if any more views. Chairman can make the decision also if deadline passed.

Note: The above summary is just based on the comments received recently. 

@ Kianoush @ Mohammed @ Yufei @ Thorsten
For the three values in red, can we do some compromise together? It is not exactly what you want, but if we don’t do some compromise we cannot progress. Can you accept the following? 

· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18. 
· For 15 kHz, 
· The value of M01 for combination (2, 2) is 12 
· For 30 kHz, 
· The value of M11 for combination (2, 2) is 10 


	Ericsson
	For the limits on C values, we also ask that C(2,2) is changed from 18  24 as proposed by most of the companies. This gives a possibility of AL8 in addition to AL16.
For the limits on M values, we also ask that M(2,2) for 15 kHz and 30 kHz are 14 and 12 in red, and 12 and 10 are removed.

	Qualcomm
	Same comments as the previous round.


Proposal 2: For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report one or more combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability.
· If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16),
· Alt. 1: gNB configure which combination for UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability
· Support: Intel, MediaTek, 
· Reason:
· Flexibility for gNB to decide whether to scale CCs with Rel-15 PDCCH monitoring capability or to scale CCs with Rel-16 PDCCH monitoring capability  


· Alt. 2: The combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) with the value of pdcch-BlindDetectionCA-R16 closest to the configured number of cells with Rel-16 monitoring capability is used to scale PDCCH monitoring capability if the number of CCs configured is larger than the reported capability. 
· If more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) with the value of pdcch-BlindDetectionCA-R16 closest to the configured number of cells with Rel-16 monitoring capability, the combination with larger value of pdcch-BlindDetectionCA-R16 is used     

· Support:
· Reason:
· No need to introduce RRC parameter   

Please indicate which alternative you prefer (i.e. Alt. 1 or Alt. 2)? Please provide your reasons also.   
	Company
	View

	Feature lead
	Let’s try to down-select to either alternative 1 or alternative 2 in this meeting. 

Definition of the combination to be reported 
At least from my side, the combination here is the combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), that is the reported value here is the limit of the number of CCs that UE can operate without scaling the PDCCH capability, similar definition as pdcch-BlindDetectionCA in Rel-15.  
For example, if we assume in Rel-15 a UE can report pdcch-BlindDetectionCA as 8, assuming two Rel-15 capability can be used to achieve 1 Rel-16 PDCCH monitoring capability, then the potential combination here can be (6, 1), (4, 2) and (2, 3). Note that here is just to given an example, it doesn’t mean that UE will implement it this way.   
Note that multiple combinations here is not intended for different Rel-15 PDCCH monitoring capabilities, e.g. not one for FG 3-1+ FG 11-2 and another one for FG 3-5b + FG 11-2, here it means even for the single combination of (FG 3-1, FG 11-2) , more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) can be reported. 
In my understanding, the multiple combination reporting here is to use the similar way we do for pdcch-BlindDetectionCA reporting in Rel-15. And it is not coupled with whether we will do per BC or per FS for Rel-16 PDCCH monitoring capability reporting (i.e. FG 11-2). 
Motivation to allow reporting more than one combination
To be able to operate the UE up to its full potential capability. Take the above example, if UE only reports (4, 2) for case 3, then if the gNB would only configure a single R16 CC based on the reported capability and configure 7 R16 CCs, then UE will use 4 as the limit to scale the Rel-15 PDCCH monitoring capability, however actually UE is ok to operate up to 6 Rel-15 CCs without scaling if only 1 Rel-16 CC is configured. Therefore, reporting multiple combinations would be able to let to use the full capability.    

	Ericsson 
	We have strong concern over Alt 2. Alt 2 is ambiguous due to “closest to”. It does not ensure a unique mapping and would lead to misunderstanding between gNB and UE.  
Chengyan> I agree. I update the alternative a little bit as above. 

	Qualcomm
	There is no reason for the UE to report multiple combinations. The UE can signal one value, and then all the pairs with the sum of the elements equal to that value are supported. For example, UE reports:
pdcch-BlindDetectionCA-R15 = 4, pdcch-BlindDetectionCA-R16 = 2
For the mix case, the single value is min(pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) = 2. 
Then, all the following combinations are possible (without the UE reporting them): (2,0), (1,1), (0,2). 
In some cases, there could be an ambiguity on which pair should be assumed. Any of the Alt1 or Alt2 can work. 
Just to re-iterate, there is no need for the UE to report multiple pairs. Two values, one for Rel. 15 and one for Rel. 16, is sufficient. The signaling can be per-UE as it was in Rel. 15 too.
Finally, we would like to clarify that this discussion is only for CA and DC is not included.

Chengyan> Based on the motivation for reporting multiple combinations as we discussed before (I copied to the first row in this table again for your convenience), it seems only reporting one value as you suggested doesn’t work. In your example above, the available combinations are (2,0), (1,1), (0,2),for all these combinations the capability for both Rel-15 and Rel-16 are even smaller than the one (4, 2) UE reported, then it is not aligned with the motivation. For example, in your example if a UE reports (4, 2), in theory it at least can do (2, 3) also, (2, 3) means UE have better capability for Rel-16 PDCCH monitoring capability, but (2, 3) is not included in the available combinations if we follow your way. 

	Intel
	We prefer Alt. 1. 
If anything, we have seen from past experiences dealing with UE features (e.g., signaling of supported numbers of CCs for Capability 2 in Rel-15) that the implicit “hacks” are almost always not-so-clean solutions to say the least. For instance, it appears that we still need to decide the numbers of pairs that may be reported, if there will be restrictions to particular values or combinations, etc., and thus, we cannot guarantee that these implicit mechanisms can work to the fullest potential. 
[Kian] Not sure what you mean by “ we cannot guarantee that these implicit mechanisms can work to the fullest potential”. For Option 2, could you please give an example?
Whether the indication is based on Option 1 or Option 2, we still need to decide the numbers of pairs. The number of pairs is independent of the scheme for indication. 
Using RRC configuration in this case would be the cleanest way to operate.
Plus, this also follows from the latest guidance from RAN2. Effectively UE is reporting different capabilities with each choice of pairs, and it would be the cleanest to have the gNB explicitly tell the UE which capability is to be assumed as configured.
[Kian] A well-defined rule does exactly that without a need for additional RRC signaling. There will be no ambiguity between the UE and gNB in any case. 

	MediaTek
	We support the proposal, and we think Alt-1 will work well.
We might be able to define a rule for to select which reported combination, but it will be based on assumptions that may not be desired for operation. As an example, assume the UE reported (N1,N2) = {(8,5), (6,7)}, and the got configured with (9,6). So, the two following options are valid;
Option-1: (8,5) for the scaling ==> R15 is scaled by 1 CC, and R16 is scaled by 1 CC.
Option-2: (6,7) ==> R15 is scaled by 3 CCs, and R16 is not scaled.
Maybe the NW for some operation prefer to not scale the R16 CCs and scale R15 CC (i.e. option-2).
Thus, an RRC parameter will give the NW the opportunity to select which reported combination is used for scaling.

	
	




Proposal 3: For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), 
· The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 
Please provide your comment on the above proposal.       
	Company
	View

	Feature lead
	I marked it in green before since didn’t receive comment on it for at least 1 day. According to the latest comment, Ericsson may have concern. 
@ Ericsson  Please check if you are ok now.

To align with proposal 1 and proposal 2, option 3 in the original proposal 4-b should be chosen.
Reason for the minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1   
To response CATT’s question, if we allow UE to report multiple combination as explained under proposal 4, then the minimum value of both pdcch-BlindDetectionCA-R15 and t pdcch-BlindDetectionCA-R16 can go down to 1.   

	Ericsson
	To avoid having potentially lower capability than that of Rel-15 UE, e.g., UE reporting pdcch-BlindDetectionCA-R15 = 1 and pdcch-BlindDetectionCA-R16 = 1, we think the lower bound for minimum of  pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 should be included. Many companies support that pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 >= 4 is possible. It is not acceptable to us if a condition like this is not adopted in the end. For the sake of progress, we are fine to keep this as a FFS point, as shown below:
Modified Proposal 3. For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), 
· FFS: The minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 is 4
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 

Chengyan> If we agree to also report more than one combination as suggested in proposal 2, then we don’t need the restriction on “the minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16”. For example, if we assume in Rel-15 a UE can report pdcch-BlindDetectionCA as 8, assuming two Rel-15 capability can be used to achieve 1 Rel-16 PDCCH monitoring capability, then the potential combination that the UE can report following proposal 2 can be (6, 1), (4, 2) and (2, 3). Then you could see that we don’t need the restriction you proposed for more flexibility on the combinations that a UE can report, and to full utilize the UE capability. 

	Qualcomm
	We do not agree with the proposed FFS by Ericsson since it assumes the complexity of the Rel. 15 and Rel. 16 carriers is the same.



Proposals and status based on the third round email discussion
Based on further email discussion, proposals and status are updated as below: 
Proposal 1: For enhanced PDCCH monitoring capability, 
· For limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span, 
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is 36. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18. 
· For limit M on the maximum number of monitored PDCCH candidates per monitoring span, 
· For 15 kHz, 
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is [12 or 14] 
· For 30 kHz, 
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is [10 or 12]
· For the case with Rel-16 monitoring capability only on all the serving cells (i.e. case 2), 
· Minimum of pdcch-BlindDetectionCA-R16 = 2 
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 16

Please comment if you have strong concern on the proposal. The proposal might not be exactly as your proposal, but hopefully you can consider it to be constructive.     
	Company
	View

	Feature lead
	1. As to “The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18”, 1 company (Qualcomm) suggested to reduce it to 16, while 2 companies (MTK, E//) suggested to increase it to 24. Also considering the views from other companies shared before, I would still suggest to keep it as 18 for compromise. 
1. As to “The value of M01 for combination (2, 2) is [12 or 14]”, 2 companies (E//, Huawei/HiSilicon) suggested to increase 12 to 14, 1 company (Qualcomm) shared the concern on 14. I would leave it now to see if any more views. Chairman can make the decision also if deadline passed.  
1.  As to “The value of M11 for combination (2, 2) is [10 or 12]”, 2 companies (E//, Huawei/HiSilicon) suggested to increase it to 12, 1 company (Qualcomm)  shared the concern on 12. I would leave it now to see if any more views. Chairman can make the decision also if deadline passed.

Note: The above summary is just based on the comments received recently. 

@ Kianoush @ Mohammed @ Yufei @ Thorsten
For the three values in red, can we do some compromise together? It is not exactly what you want, but if we don’t do some compromise we cannot progress. Can you accept the following? 

· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18. 
· For 15 kHz, 
· The value of M01 for combination (2, 2) is 12 
· For 30 kHz, 
· The value of M11 for combination (2, 2) is 10 


	Ericsson
	For the limits on C values, we also ask that C(2,2) is changed from 18  24 as proposed by most of the companies. This gives a possibility of AL8 in addition to AL16.
For the limits on M values, we also ask that M(2,2) for 15 kHz and 30 kHz are 14 and 12 in red, and 12 and 10 are removed.

	Qualcomm
	Same comments as the previous round.




Proposal 2: For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report one or more combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability.
· If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16),
· Alt. 1: gNB configure which combination for UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability 
· Support: Intel, MediaTek, Samsung, Nokia / NSB, NTT DOCOMO, ZTE, Huawei/HiSilicon
· Reason: 
· Flexibility for gNB to decide whether to scale CCs with Rel-15 PDCCH monitoring capability or to scale CCs with Rel-16 PDCCH monitoring capability  


· Alt. 2: The combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) with the value of pdcch-BlindDetectionCA-R16 closest to the configured number of cells with Rel-16 monitoring capability is used to scale PDCCH monitoring capability if the number of CCs configured is larger than the reported capability. 
· If more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) with the value of pdcch-BlindDetectionCA-R16 closest to the configured number of cells with Rel-16 monitoring capability, the combination with larger value of pdcch-BlindDetectionCA-R16 is used     

· Support:
· Reason: 
· No need to introduce RRC parameter   

·  Alt. 3: The combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) with the ratio of  pdcch-BlindDetectionCA-R15 to pdcch-BlindDetectionCA-R16 closest to the ratio of the number of configured cells with Rel-15 monitoring capability to the number of configured cells with Rel-16 monitoring capability is used to scale PDCCH monitoring capability if the number of CCs configured is larger than the reported capability. 
· Support: Qualcomm
· Reason:
· No need to introduce RRC parameter
· The ratio of pdcch-BlindDetectionCA-R15 to pdcch-BlindDetectionCA-R16 is always unique.    

Please indicate which alternative you prefer (i.e. Alt. 1 or Alt. 2)? Please provide your reasons also.   
	Company
	View

	Feature lead
	Let’s try to down-select to either alternative 1 or alternative 2 in this meeting. 

Definition of the combination to be reported 
At least from my side, the combination here is the combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), that is the reported value here is the limit of the number of CCs that UE can operate without scaling the PDCCH capability, similar definition as pdcch-BlindDetectionCA in Rel-15.  
For example, if we assume in Rel-15 a UE can report pdcch-BlindDetectionCA as 8, assuming two Rel-15 capability can be used to achieve 1 Rel-16 PDCCH monitoring capability, then the potential combination here can be (6, 1), (4, 2) and (2, 3). Note that here is just to given an example, it doesn’t mean that UE will implement it this way.   
Note that multiple combinations here is not intended for different Rel-15 PDCCH monitoring capabilities, e.g. not one for FG 3-1+ FG 11-2 and another one for FG 3-5b + FG 11-2, here it means even for the single combination of (FG 3-1, FG 11-2) , more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) can be reported. 
In my understanding, the multiple combination reporting here is to use the similar way we do for pdcch-BlindDetectionCA reporting in Rel-15. And it is not coupled with whether we will do per BC or per FS for Rel-16 PDCCH monitoring capability reporting (i.e. FG 11-2). 
Motivation to allow reporting more than one combination
To be able to operate the UE up to its full potential capability. Take the above example, if UE only reports (4, 2) for case 3, then if the gNB would only configure a single R16 CC based on the reported capability and configure 7 R16 CCs, then UE will use 4 as the limit to scale the Rel-15 PDCCH monitoring capability, however actually UE is ok to operate up to 6 Rel-15 CCs without scaling if only 1 Rel-16 CC is configured. Therefore, reporting multiple combinations would be able to let to use the full capability.    

	Ericsson 
	We have strong concern over Alt 2. Alt 2 is ambiguous due to “closest to”. It does not ensure a unique mapping and would lead to misunderstanding between gNB and UE.  
Chengyan> I agree. I update the alternative a little bit as above. 

	Qualcomm
	There is no reason for the UE to report multiple combinations. The UE can signal one value, and then all the pairs with the sum of the elements equal to that value are supported. For example, UE reports:
pdcch-BlindDetectionCA-R15 = 4, pdcch-BlindDetectionCA-R16 = 2
For the mix case, the single value is min(pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) = 2. 
Then, all the following combinations are possible (without the UE reporting them): (2,0), (1,1), (0,2). 
In some cases, there could be an ambiguity on which pair should be assumed. Any of the Alt1 or Alt2 can work. 
Just to re-iterate, there is no need for the UE to report multiple pairs. Two values, one for Rel. 15 and one for Rel. 16, is sufficient. The signaling can be per-UE as it was in Rel. 15 too.
Finally, we would like to clarify that this discussion is only for CA and DC is not included.

Chengyan> Based on the motivation for reporting multiple combinations as we discussed before (I copied to the first row in this table again for your convenience), it seems only reporting one value as you suggested doesn’t work. In your example above, the available combinations are (2,0), (1,1), (0,2),for all these combinations the capability for both Rel-15 and Rel-16 are even smaller than the one (4, 2) UE reported, then it is not aligned with the motivation. For example, in your example if a UE reports (4, 2), in theory it at least can do (2, 3) also, (2, 3) means UE have better capability for Rel-16 PDCCH monitoring capability, but (2, 3) is not included in the available combinations if we follow your way. 

	Intel
	We prefer Alt. 1. 
If anything, we have seen from past experiences dealing with UE features (e.g., signaling of supported numbers of CCs for Capability 2 in Rel-15) that the implicit “hacks” are almost always not-so-clean solutions to say the least. For instance, it appears that we still need to decide the numbers of pairs that may be reported, if there will be restrictions to particular values or combinations, etc., and thus, we cannot guarantee that these implicit mechanisms can work to the fullest potential. 
[Kian] Not sure what you mean by “ we cannot guarantee that these implicit mechanisms can work to the fullest potential”. For Option 2, could you please give an example?
Whether the indication is based on Option 1 or Option 2, we still need to decide the numbers of pairs. The number of pairs is independent of the scheme for indication. 
Using RRC configuration in this case would be the cleanest way to operate.
Plus, this also follows from the latest guidance from RAN2. Effectively UE is reporting different capabilities with each choice of pairs, and it would be the cleanest to have the gNB explicitly tell the UE which capability is to be assumed as configured.
[Kian] A well-defined rule does exactly that without a need for additional RRC signaling. There will be no ambiguity between the UE and gNB in any case. 

	MediaTek
	We support the proposal, and we think Alt-1 will work well.
We might be able to define a rule for to select which reported combination, but it will be based on assumptions that may not be desired for operation. As an example, assume the UE reported (N1,N2) = {(8,5), (6,7)}, and the got configured with (9,6). So, the two following options are valid;
Option-1: (8,5) for the scaling ==> R15 is scaled by 1 CC, and R16 is scaled by 1 CC.
Option-2: (6,7) ==> R15 is scaled by 3 CCs, and R16 is not scaled.
Maybe the NW for some operation prefer to not scale the R16 CCs and scale R15 CC (i.e. option-2).
Thus, an RRC parameter will give the NW the opportunity to select which reported combination is used for scaling.

	Samsung
	Alt. 1
As we mentioned during the discussions, we see several problems with Alt. 2 and the need for a rule was unavoidable. There are many possible combinations and any sort of rule will have to be somewhat heuristic. A network should be able to control the combination.   

	Nokia, NSB
	Alt. 1

Agree here with Samsung. Alt. 3 is improving this but still think that Alt. 1 is the most reliable way to operate this.

	ZTE
	Alt. 1 

Regarding Alt 3, it seems also need to add a similar sub-bullet as the first sub-bullet of Alt 2.  

	HW/HiSi
	Slight preference for Alt1.
Agree with the comments from Intel and Samsung. It might be difficult to find one well-defined rules that covers all scenarios. We have a light preference for giving the network the control which combinations to use.         



Proposal 3: For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), 
· The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
· 3<=pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 
Please provide your comment on the above proposal.       
	Company
	View

	Feature lead
	I marked it in green before since didn’t receive comment on it for at least 1 day. According to the latest comment, Ericsson may have concern. 
@ Ericsson @ ZTE @ Qualcomm Please check if you are ok now.

To align with proposal 1 and proposal 2, option 3 in the original proposal 4-b should be chosen.
Reason for the minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1   
To response CATT’s question, if we allow UE to report multiple combination as explained under proposal 4, then the minimum value of both pdcch-BlindDetectionCA-R15 and t pdcch-BlindDetectionCA-R16 can go down to 1.   

	Ericsson
	To avoid having potentially lower capability than that of Rel-15 UE, e.g., UE reporting pdcch-BlindDetectionCA-R15 = 1 and pdcch-BlindDetectionCA-R16 = 1, we think the lower bound for minimum of  pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 should be included. Many companies support that pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 >= 4 is possible. It is not acceptable to us if a condition like this is not adopted in the end. For the sake of progress, we are fine to keep this as a FFS point, as shown below:
Modified Proposal 3. For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), 
· FFS: The minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 is 4
· pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
· Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
· Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 

Chengyan> If we agree to also report more than one combination as suggested in proposal 2, then we don’t need the restriction on “the minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16”. For example, if we assume in Rel-15 a UE can report pdcch-BlindDetectionCA as 8, assuming two Rel-15 capability can be used to achieve 1 Rel-16 PDCCH monitoring capability, then the potential combination that the UE can report following proposal 2 can be (6, 1), (4, 2) and (2, 3). Then you could see that we don’t need the restriction you proposed for more flexibility on the combinations that a UE can report, and to full utilize the UE capability. 

	Qualcomm
	We do not agree with the proposed FFS by Ericsson since it assumes the complexity of the Rel. 15 and Rel. 16 carriers is the same.

	ZTE
	Share with Ericsson that we should avoid having potentially lower capability than that of Rel-15 UE. If we assume UE capability for two cells with Rel-15 capability is equal to 1 cell with Rel-16 PDCCH monitoring capability, the minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 should be at least 3, i.e., with 1 cell with Rel-16 capability and 2 cells for Rel-15 capability. Thus, we suggest that the minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 is 3. 

Chengyan> If I understand your comment correctly, then what you propose here is not aligned with the FFS E// proposed, I think what you proposed here is to ensure pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 >=3. I understand Ericsson proposal is that “Minimum of pdcch-BlindDetectionCA-R15 + Minimum of pdcch-BlindDetectionCA-R16 = 4”, which is not necessary as I explained above. Or if Ericsson actually has the same proposal for ZTE, then I can add it accordingly, I think it is a valid point because 1 as the limit for Rel-16 CCs and 2 as the limit for Rel-15 CCs should be able to support for a UE reporting 4 for pdcch-BlindDetectionCA-R15 for case 1 and 2 for pdcch-BlindDetectionCA-R16 for case 2.   

	HW/HiSi
	We support the proposal from the FL.
Regarding the FFS proposed by Ericsson and the comment from ZTE: This issue has been raised by us in the beginning of the meeting. If we would support The minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 is 4 then the number of CCEs/BDs cannot be increased as much as suggested in Proposal 1. We need to make a decision here and we have asked companies about their views: what would be preferable for a) moderate increase of BDs and full support of CA, or b) higher increase of BDs but sacrifice something on the CA. From the feedback we received there is a clear preference for the latter option and for the sake of progress we suggest to close the discussion about the minimum capability.   
Chengyan> Please check my reply to ZTE above. 



Proposals and status based on the fourth round email discussion

Proposal 1: For enhanced PDCCH monitoring capability, 
         For limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span, 
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is 36. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18. 
         For limit M on the maximum number of monitored PDCCH candidates per monitoring span, 
· For 15 kHz, 
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is [12 or 14] 
· For 30 kHz, 
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is [10 or 12]
         For the case with Rel-16 monitoring capability only on all the serving cells (i.e. case 2), 
· Minimum of pdcch-BlindDetectionCA-R16 = 2 
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 16

Please comment if you have strong concern on the proposal. The proposal might not be exactly as your proposal, but hopefully you can consider it to be constructive.     
	Company
	View

	Feature lead
	1. 1.   As to “The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18”, 
0. 1 company (Qualcomm) suggested to reduce it to 16, and cannot accept 18
0. 1 company (LG) prefer 16 but can accept 18
0. 4 companies (MTK, E//, Huawei/HiSi, Nokia) suggested to increase it to 24, but can compromise to 18. 
2.     As to “The value of M01 for combination (2, 2) is [12 or 14]”, 2 companies (E//, Huawei/HiSilicon) suggested to increase 12 to 14, 1 company (Qualcomm) shared the concern on 14.  
3.     As to “The value of M11 for combination (2, 2) is [10 or 12]”, 2 companies (E//, Huawei/HiSilicon) suggested to increase it to 12, 1 company (Qualcomm)  shared the concern on 12. 

Note: The above summary is just based on the comments received recently. 

@ Kianoush @ Mohammed @ Yufei @ Thorsten
For the three values in red, can we do some compromise together? It is not exactly what you want, but if we don’t do some compromise we cannot progress. Can you accept the following? 

· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18. 
· For 15 kHz, 
· The value of M01 for combination (2, 2) is 12 
· For 30 kHz, 
· The value of M11 for combination (2, 2) is 10 

@ Mohammed @ Yufei @ Thorsten
Since 18 is not acceptable for Kianoush from the above proposal, is it acceptable to you to go with 16? 

@all
1. If consensus cannot be achieved for C for (2, 2), are you ok to go with 16 and 24 as UE capability? 
1. Do you have any strong concern on the nested structure as below proposed by Ericsson? That is for UE supporting (2, 2), it is mandate to support (4, 3) and (7, 3). 
· {(2,2,M1),(4,3,M2),(7,3,M3)}
· {(4,3,M2),(7,3,M3)}
· {(7,3,M3)}

	Ericsson
	For the limits on C values, we also ask that C(2,2) is changed from 18  24 as proposed by most of the companies. This gives a possibility of AL8 in addition to AL16.
For the limits on M values, we also ask that M(2,2) for 15 kHz and 30 kHz are 14 and 12 in red, and 12 and 10 are removed.

	Qualcomm
	Same comments as the previous round.

	MediaTek
	We can accept the proposal from the FL if the majority of the companies support it,
As mentioned earlier, we believe the CCEs limit for (2,2) should be 24, but we can compromise and accept the numbers proposed by the FL.

	Apple
	We are fine with 18 for C @ 30 kHz
We would prefer to keep 12 and 10 for M.

	Ericsson (2nd round)
	Our concern is about typical scheduling scenario where the small C and M limits would cause the Rel-16 monitoring capability to be even lower than that of Rel-15. That is, the C and M values are chosen according to the most demanding monitoring occasions (e.g., 7 monitoring occasions per slot for (2,2)), not according to most frequently used configurations. For the example shown below, we are concerned that the Rel-16 scenario, if monitored according to the red text, will have a total of 28 candidates monitored per slot. 
[image: cid:image001.png@01D61CD5.52104CA0] 
This does not satisfy the note agreed in RAN1#99: 
RAN1#99 agreement:
· The maximum number of monitored PDCCH candidates per span is        
· M1 per span for (2, 2)
· M2 per span for (4, 3)
· M3 per span for (7, 3)
· Note: 
· The total number of monitored PDCCH candidates is not smaller than the limit per slot in Rel-15              
· The value of M1, M2 and M3 can be different and SCS dependent ”
To prevent this from happening, we propose to use the nested reporting:
· {(2,2,M1),(4,3,M2),(7,3,M3)}
· {(4,3,M2),(7,3,M3)}
· {(7,3,M3)}
The same nested reporting applies to C as well. With this understanding, then we can accept the C and M values in Proposal 1.
Reference -  TS 38.213 Section 10.1:

“A UE can indicate a capability to monitor PDCCH according to one or more of the combinations  = (2, 2), (4, 3), and (7, 3) per SCS configuration of  and . If the UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for two or more of the multiple combinations , the UE is expected to monitor PDCCH on the cell according to the combination  associated with the largest maximum number of  and .”

	HW/HiSi
	Regarding C for (2,2) ) we agree with MTK and E/// and would prefer to support 24 CCEs per span. However, for the sake of progress we would be fine with the proposal if this is the majority view. 

	Nokia, NSB
	We agree with HW/HiSi here. We would prefer for (2,2) C=24, but will not object. 

	LGE
	We prefer C=16 for (2,2), but we can accept the proposal from FL. 
For M01 and M11, we prefer 12 and 10, respectively. 



Proposal 2: For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report one or more combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability.
         If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16),
· gNB configure which combination for UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability 
· Support: Intel, MediaTek, Samsung, Nokia / NSB, NTT DOCOMO, ZTE, Huawei/HiSilicon, CATT, Apple, Ericssion, Spreadtrum， LG 
· Reason: 
· Flexibility for gNB to decide whether to scale CCs with Rel-15 PDCCH monitoring capability or to scale CCs with Rel-16 PDCCH monitoring capability  
  
Please comment if you have strong concern. Please provide your reasons also.   
	Company
	View

	Feature lead
	So far it seems only Kianoush may have some concern. 
@ Kianoush 
Can you live with it? 

Definition of the combination to be reported 
At least from my side, the combination here is the combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), that is the reported value here is the limit of the number of CCs that UE can operate without scaling the PDCCH capability, similar definition as pdcch-BlindDetectionCA in Rel-15.  
For example, if we assume in Rel-15 a UE can report pdcch-BlindDetectionCA as 8, assuming two Rel-15 capability can be used to achieve 1 Rel-16 PDCCH monitoring capability, then the potential combination here can be (6, 1), (4, 2) and (2, 3). Note that here is just to given an example, it doesn’t mean that UE will implement it this way.   
Note that multiple combinations here is not intended for different Rel-15 PDCCH monitoring capabilities, e.g. not one for FG 3-1+ FG 11-2 and another one for FG 3-5b + FG 11-2, here it means even for the single combination of (FG 3-1, FG 11-2) , more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) can be reported. 
In my understanding, the multiple combination reporting here is to use the similar way we do for pdcch-BlindDetectionCA reporting in Rel-15. And it is not coupled with whether we will do per BC or per FS for Rel-16 PDCCH monitoring capability reporting (i.e. FG 11-2). 
Motivation to allow reporting more than one combination
To be able to operate the UE up to its full potential capability. Take the above example, if UE only reports (4, 2) for case 3, then if the gNB would only configure a single R16 CC based on the reported capability and configure 7 R16 CCs, then UE will use 4 as the limit to scale the Rel-15 PDCCH monitoring capability, however actually UE is ok to operate up to 6 Rel-15 CCs without scaling if only 1 Rel-16 CC is configured. Therefore, reporting multiple combinations would be able to let to use the full capability.    

Company position for the three alternatives:
If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16),
· Alt. 1: gNB configure which combination for UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability 
· Support: Intel, MediaTek, Samsung, Nokia / NSB, NTT DOCOMO, ZTE, Huawei/HiSilicon, CATT, Apple, Ericssion, Spreadtrum 
· Reason: 
· Flexibility for gNB to decide whether to scale CCs with Rel-15 PDCCH monitoring capability or to scale CCs with Rel-16 PDCCH monitoring capability  


· Alt. 2: The combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) with the value of pdcch-BlindDetectionCA-R16 closest to the configured number of cells with Rel-16 monitoring capability is used to scale PDCCH monitoring capability if the number of CCs configured is larger than the reported capability. 
· If more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) with the value of pdcch-BlindDetectionCA-R16 closest to the configured number of cells with Rel-16 monitoring capability, the combination with larger value of pdcch-BlindDetectionCA-R16 is used     

· Support:
· Reason: 
· No need to introduce RRC parameter   

§   Alt. 3: The combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) with the ratio of  pdcch-BlindDetectionCA-R15 to pdcch-BlindDetectionCA-R16 closest to the ratio of the number of configured cells with Rel-15 monitoring capability to the number of configured cells with Rel-16 monitoring capability is used to scale PDCCH monitoring capability if the number of CCs configured is larger than the reported capability. 
§  Support: Qualcomm
§  Reason:
§  No need to introduce RRC parameter
§  The ratio of pdcch-BlindDetectionCA-R15 to pdcch-BlindDetectionCA-R16 is always unique.

	Ericsson 
	We have strong concern over Alt 2. Alt 2 is ambiguous due to “closest to”. It does not ensure a unique mapping and would lead to misunderstanding between gNB and UE.  
Chengyan> I agree. I update the alternative a little bit as above. 

	Qualcomm
	There is no reason for the UE to report multiple combinations. The UE can signal one value, and then all the pairs with the sum of the elements equal to that value are supported. For example, UE reports:
pdcch-BlindDetectionCA-R15 = 4, pdcch-BlindDetectionCA-R16 = 2
For the mix case, the single value is min(pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) = 2. 
Then, all the following combinations are possible (without the UE reporting them): (2,0), (1,1), (0,2). 
In some cases, there could be an ambiguity on which pair should be assumed. Any of the Alt1 or Alt2 can work. 
Just to re-iterate, there is no need for the UE to report multiple pairs. Two values, one for Rel. 15 and one for Rel. 16, is sufficient. The signaling can be per-UE as it was in Rel. 15 too.
Finally, we would like to clarify that this discussion is only for CA and DC is not included.

Chengyan> Based on the motivation for reporting multiple combinations as we discussed before (I copied to the first row in this table again for your convenience), it seems only reporting one value as you suggested doesn’t work. In your example above, the available combinations are (2,0), (1,1), (0,2),for all these combinations the capability for both Rel-15 and Rel-16 are even smaller than the one (4, 2) UE reported, then it is not aligned with the motivation. For example, in your example if a UE reports (4, 2), in theory it at least can do (2, 3) also, (2, 3) means UE have better capability for Rel-16 PDCCH monitoring capability, but (2, 3) is not included in the available combinations if we follow your way. 

	Intel
	We prefer Alt. 1. 
If anything, we have seen from past experiences dealing with UE features (e.g., signaling of supported numbers of CCs for Capability 2 in Rel-15) that the implicit “hacks” are almost always not-so-clean solutions to say the least. For instance, it appears that we still need to decide the numbers of pairs that may be reported, if there will be restrictions to particular values or combinations, etc., and thus, we cannot guarantee that these implicit mechanisms can work to the fullest potential. 
[Kian] Not sure what you mean by “ we cannot guarantee that these implicit mechanisms can work to the fullest potential”. For Option 2, could you please give an example?
Whether the indication is based on Option 1 or Option 2, we still need to decide the numbers of pairs. The number of pairs is independent of the scheme for indication. 
Using RRC configuration in this case would be the cleanest way to operate.
Plus, this also follows from the latest guidance from RAN2. Effectively UE is reporting different capabilities with each choice of pairs, and it would be the cleanest to have the gNB explicitly tell the UE which capability is to be assumed as configured.
[Kian] A well-defined rule does exactly that without a need for additional RRC signaling. There will be no ambiguity between the UE and gNB in any case. 

	MediaTek
	We support the proposal, and we think Alt-1 will work well.
We might be able to define a rule for to select which reported combination, but it will be based on assumptions that may not be desired for operation. As an example, assume the UE reported (N1,N2) = {(8,5), (6,7)}, and the got configured with (9,6). So, the two following options are valid;
Option-1: (8,5) for the scaling ==> R15 is scaled by 1 CC, and R16 is scaled by 1 CC.
Option-2: (6,7) ==> R15 is scaled by 3 CCs, and R16 is not scaled.
Maybe the NW for some operation prefer to not scale the R16 CCs and scale R15 CC (i.e. option-2).
Thus, an RRC parameter will give the NW the opportunity to select which reported combination is used for scaling.

	Samsung
	Alt. 1
As we mentioned during the discussions, we see several problems with Alt. 2 and the need for a rule was unavoidable. There are many possible combinations and any sort of rule will have to be somewhat heuristic. A network should be able to control the combination.   

	Nokia, NSB
	Alt. 1

Agree here with Samsung. Alt. 3 is improving this but still think that Alt. 1 is the most reliable way to operate this.

	ZTE
	Alt. 1 

Regarding Alt 3, it seems also need to add a similar sub-bullet as the first sub-bullet of Alt 2.  

	HW/HiSi
	Slight preference for Alt1.
Agree with the comments from Intel and Samsung. It might be difficult to find one well-defined rules that covers all scenarios. We have a light preference for giving the network the control which combinations to use.         

	CATT
	Alt1.
Alt 1 is more flexible and cleaner.

	Spreadtrum
	Alt 1
For Alt 2 and alt 3, a UE will select a ration based a rule. And alt 1 is gNB configures a combination. Clearly, alt 1 can cover alt 2 and alt 3. 

	Apple
	Alt 1. 
 
As mentioned in our last reply:
Assume a scenario where the  UE reports (Rel16, Rel 15) as {(2,4) and (1, 6)}. 
· For Alt-1, The gNB configures what should be used.
· If the gNB configures (2,5), it could select (2,4) which means that Rel 16 is not scaled  and Rel 15 is scaled
· If the gNB configures (2,5), it could select (1,6), which means that Rel 16 is scaled while Rel 15 is not
· For Alt 2., the definition of “closest” here is ambiguous. The issue with this is that there could be a misunderstanding in the case of them being “equally distance”. Is a difference of 1 for Rel-16 “closer” than a difference of 1 for Rel-15? Is a difference that results in a scaling “closer” than a difference that does not ? All these will have to be discssued and decided. 
As such, given the simplicity of Alt-1 and the time we have for discussion, we support Alt-1
 

	Ericsson (2nd round)
	We support Alt 1. Ericsson is added to the supporter list above.

	LGE
	We support a cleaner way here, i.e., Alt-1.



Proposal 3: For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), 
         The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
         3<=pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
         Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
         Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 
Please provide your comment on the above proposal.       
	Company
	View

	Feature lead
	So far it seems only Kianoush may have concern with part in Red. 
@ Kianoush  Can you accept it? From feature lead perspective, with it or without it seems no big problem, but it seems at least E// and ZTE wants this Red part. 

To align with proposal 1 and proposal 2, option 3 in the original proposal 4-b should be chosen.
Reason for the minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1   
To response CATT’s question, if we allow UE to report multiple combination as explained under proposal 4, then the minimum value of both pdcch-BlindDetectionCA-R15 and t pdcch-BlindDetectionCA-R16 can go down to 1.   

	Ericsson
	To avoid having potentially lower capability than that of Rel-15 UE, e.g., UE reporting pdcch-BlindDetectionCA-R15 = 1 and pdcch-BlindDetectionCA-R16 = 1, we think the lower bound for minimum of  pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 should be included. Many companies support that pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 >= 4 is possible. It is not acceptable to us if a condition like this is not adopted in the end. For the sake of progress, we are fine to keep this as a FFS point, as shown below:
Modified Proposal 3. For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), 
         FFS: The minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 is 4
         pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
         Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
         Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 

Chengyan> If we agree to also report more than one combination as suggested in proposal 2, then we don’t need the restriction on “the minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16”. For example, if we assume in Rel-15 a UE can report pdcch-BlindDetectionCA as 8, assuming two Rel-15 capability can be used to achieve 1 Rel-16 PDCCH monitoring capability, then the potential combination that the UE can report following proposal 2 can be (6, 1), (4, 2) and (2, 3). Then you could see that we don’t need the restriction you proposed for more flexibility on the combinations that a UE can report, and to full utilize the UE capability. 

	Qualcomm
	We do not agree with the proposed FFS by Ericsson since it assumes the complexity of the Rel. 15 and Rel. 16 carriers is the same.

	ZTE
	Share with Ericsson that we should avoid having potentially lower capability than that of Rel-15 UE. If we assume UE capability for two cells with Rel-15 capability is equal to 1 cell with Rel-16 PDCCH monitoring capability, the minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 should be at least 3, i.e., with 1 cell with Rel-16 capability and 2 cells for Rel-15 capability. Thus, we suggest that the minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 is 3. 

Chengyan> If I understand your comment correctly, then what you propose here is not aligned with the FFS E// proposed, I think what you proposed here is to ensure pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 >=3. I understand Ericsson proposal is that “Minimum of pdcch-BlindDetectionCA-R15 + Minimum of pdcch-BlindDetectionCA-R16 = 4”, which is not necessary as I explained above. Or if Ericsson actually has the same proposal for ZTE, then I can add it accordingly, I think it is a valid point because 1 as the limit for Rel-16 CCs and 2 as the limit for Rel-15 CCs should be able to support for a UE reporting 4 for pdcch-BlindDetectionCA-R15 for case 1 and 2 for pdcch-BlindDetectionCA-R16 for case 2.   

	HW/HiSi
	We support the proposal from the FL.
Regarding the FFS proposed by Ericsson and the comment from ZTE: This issue has been raised by us in the beginning of the meeting. If we would support The minimum value of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 is 4 then the number of CCEs/BDs cannot be increased as much as suggested in Proposal 1. We need to make a decision here and we have asked companies about their views: what would be preferable for a) moderate increase of BDs and full support of CA, or b) higher increase of BDs but sacrifice something on the CA. From the feedback we received there is a clear preference for the latter option and for the sake of progress we suggest to close the discussion about the minimum capability.   
Chengyan> Please check my reply to ZTE above. 

	MediaTek
	Support the proposal.

	CATT
	Support

	Intel
	Support the updated proposal

	Apple
	We are fine with the proposal as is.

	Ericsson (2nd round)
	We can support the new change “3<=pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16”
To clarify, our intention is similar to ZTE’s, i.e., to prevent the capability drop lower than Rel-15. We are OK to have 3 instead of 4 to account for the higher complexity of Rel-16 monitoring. 

	Nokia, NSB
	Be are fine with the updated proposal (i.e. >=3)

	LGE
	We support the proposal. 



Proposals and status based on the fifth round email discussion

Proposal 1: For enhanced PDCCH monitoring capability, 
         For limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span, 
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is 36. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is [18 or 16 or 24]. 
         For limit M on the maximum number of monitored PDCCH candidates per monitoring span, 
· For 15 kHz, 
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is [12 or 14] 
· For 30 kHz, 
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is [10 or 12]
         For the case with Rel-16 monitoring capability only on all the serving cells (i.e. case 2), 
· Minimum of pdcch-BlindDetectionCA-R16 = 2 
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 16

Please provide your views on the values in the bracket if you have strong preference. And if you have strong concern on reporting as UE capability for (2, 2), please indicate here also.   
	Company
	View

	Feature lead
	
We cannot achieve consensus on the values in the bracket, would need chairman to help. 
· As to “The value of C for combination (2, 2) for 15 kHz and 30 kHz is [16 or 24]”, the original proposed value from FL is 18
· 1 company (Qualcomm) suggested to reduce it to 16, and cannot accept 18, while two companies (Huawei/HiSilicon, MTK) cannot accept 16 
· 1 company (LG) prefer 16 but can accept 18
· 4 companies (MTK, E//, Huawei/HiSi, Nokia) suggested to increase it to 24, but can compromise to 18. 
2.     As to “The value of M01 for combination (2, 2) is [12 or 14]”, 2 companies (E//, Huawei/HiSilicon) suggested to increase 12 to 14, 1 company (Qualcomm) shared the concern on 14.  
3.     As to “The value of M11 for combination (2, 2) is [10 or 12]”, 2 companies (E//, Huawei/HiSilicon) suggested to increase it to 12, 1 company (Qualcomm)  shared the concern on 12. 

@all 
If we really cannot achieve consensus, one way I can think about is to support 2 values for combination (2, 2) as UE capability, e.g.

· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 16 or 24 as UE capability  
· The value of M01 for combination (2, 2) is 12 or 14 as UE capability  
· The value of M11 for combination (2, 2) is 10 or 12 as UE capability





Proposal 2: For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report one or more combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability.
         If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16),
· gNB configure which combination for UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability 

Proposal 3: For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16), 
         The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
         3<=pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
         Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
         Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15      
	Company
	View

	Feature lead
	So far it seems only Kianoush may have concern with part in Red. 
@ Kianoush Hopefully you can accept it! 



Outcome of email discussion [100e-NR-L1enh_URLLC_PDCCH-01]

[bookmark: _GoBack]Based on the email discussion, the outcome is as below:

Agreements:
For enhanced PDCCH monitoring capability, 
         For limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span, 
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is 36. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is 18 [18 or 16 or 24]. 
         For limit M on the maximum number of monitored PDCCH candidates per monitoring span, 
· For 15 kHz, 
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is 14 [12 or 14] 
· For 30 kHz, 
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is 12 [10 or 12]
         For the case with Rel-16 monitoring capability only on all the serving cells (i.e. case 2), 
· Minimum of pdcch-BlindDetectionCA-R16 = 2 
· Candidate values for pdcch-BlindDetectionCA-R16 is 2 to 16

Agreements:
For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report one or more combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability.
         If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16),
· gNB configure which combination for UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability 

Agreements: 
For one reported combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) for CA:
         The minimum value of pdcch-BlindDetectionCA-R15 is 1 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
         [3]<=pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 <=16
         Candidate values for pdcch-BlindDetectionCA-R15 is 1 to 15
         Candidate values for pdcch-BlindDetectionCA-R16 is 1 to 15 

As per email decision, the following TPs are endorsed.
R1-20xxxxx	Text proposal 1 for TS 38.213 Section 10.1 on agreement in [100b-e-NR-L1enh-URLLC-PDCCH enhancements-01]	Moderator (Huawei)
R1-20xxxxx	Text proposal 2 for TS 38.213 Section 10 on agreement in [100b-e-NR-L1enh-URLLC-PDCCH enhancements-01]	Moderator (Huawei)
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