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1	Introduction 
This document summarizes companies views on introducing additional patterns for span-based PDCCH monitoring capability as discussed in R1-2209935 and related to the following email discussion:
[110bis-e-NR-R16-02] Discussion on span-based PDCCH monitoring capability by Oct 17 – Kianoush (Qualcomm)
As discussed in [1], for the (2,2) PDCCH monitoring pattern, a UE must be able to perform PDCCH decoding in every symbol. Consequently, the control decoding overhead and complexity under the (2,2) pattern, especially under the processing capability #2, is significant for a UE. To address this issue, it is proposed to include an additional pattern, in particular (2,1) for a UE supporting processing capability #2. It is also mentioned that with the addition of the (2,1) pattern, the required scheduling flexibility for supporting URLLC services can still be maintained, while easing the UE complexity.
To incorporate the new pattern, the Rel-16 FG 11-2 is modified as follows: 
	11-2
	Rel-16 PDCCH monitoring capability
	1.	Supported combination(s) of (X, Y, ). For each reported combination, the UE supports the limit C on the maximum number of non-overlapped CCEs for channel estimation per PDCCH monitoring span and the limit M on the maximum number of monitored PDCCH candidates per PDCCH monitoring span
2.	Maximum number of DL and UL unicast DCI formats in a span
For the set of monitoring occasions which are within the same span:
-	Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
-	Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
-	Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
	
	pdcch-Monitoring-r16 {
pdsch-ProcessingType1-r16{
scs-15kHz-r16
PDCCH-MonitoringOccasions-r16,
scs-30kHz-r16
PDCCH-MonitoringOccasions-r16
},
pdsch-ProcessingType2-r16 {
scs-15kHz-r16
PDCCH-MonitoringOccasions-r16,
scs-30kHz-r16
PDCCH-MonitoringOccasions-r16
}
	FeatureSetDownlink-v1610
	n/a
	n/a
	This capability is signalled for SCS 15 kHz and 30 kHz.

For =0 and 1, candidate value set for (X, Y, ): {(7, 3, ), (4, 3, ), (2, 2, ), (2, 1, )}

For component 1, a list of separate UE capabilities (X, Y, ) for processing capability #1;

For component 1, a list of separate UE capabilities (X, Y, ), except for (2, 1, ), for processing capability #2; (2, 1, ) is limited only to processing capability #2.


	Optional with capability signalling



If this new pattern is adopted, the following changes to TS 38.213 are then necessary: 
TP to TS38.213 Section 10 (Rel-16)
Reasons for change: Introducing (2,1) pattern limited to processing capability #2 as new PDCCH monitoring span patterns for R-16 PDCCH monitoring capability to ease UE complexity. 
Summary of change: Addition of the new pattern as possible candidate for determining the per-span CCE/BD limits.
Consequence if not adopted: Additional UE complexity for supporting back-to-back PDCCH symbols

	[bookmark: _Toc12021485][bookmark: _Toc20311597][bookmark: _Toc26719422][bookmark: _Toc29894857][bookmark: _Toc29899156][bookmark: _Toc29899574][bookmark: _Toc29917311][bookmark: _Toc36498185][bookmark: _Toc45699212][bookmark: _Toc114234367]10	UE procedure for receiving control information
***Unchanged text is omitted***
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations  = (2,1), (2, 2), (4, 3), and (7, 3) per SCS configuration of  and . A span is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE monitors PDCCH on a cell according to combination , the UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of  symbols between the first symbol of two consecutive spans, including across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a last symbol where a PDCCH monitoring occasion ends, where the number of symbols of the span is up to . 
***Unchanged text is omitted***

[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Toc36498186][bookmark: _Toc45699213][bookmark: _Toc114234368][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
***Unchanged text is omitted***

Table 10.1-2 provides the maximum number of monitored PDCCH candidates, , per slot for a UE in a DL BWP with SCS configuration  for operation with a single serving cell.
Table 10.1-2: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20



Table 10.1-2A provides the maximum number of monitored PDCCH candidates, , per span for a UE in a DL BWP with SCS configuration  for operation with a single serving cell.
Table 10.1-2A: Maximum number  of monitored PDCCH candidates in a span for combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span for combination  and per serving cell 

	
	(2,1), (2, 2)
	(4, 3)
	(7, 3)

	0
	14
	28
	44

	1
	12
	24
	36



Table 10.1-3 provides the maximum number of non-overlapped CCEs, , for a DL BWP with SCS configuration  that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with a single serving cell.
CCEs for PDCCH candidates are non-overlapped if they correspond to
-	different CORESET indexes, or 
-	different first symbols for the reception of the respective PDCCH candidates.
Table 10.1-3: Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32



Table 10.1-3A provides the maximum number of non-overlapped CCEs, , for a DL BWP with SCS configuration  that a UE is expected to monitor corresponding PDCCH candidates per span for operation with a single serving cell.
Table 10.1-3A: Maximum number  of non-overlapped CCEs in a span for combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span for combination  and per serving cell 

	
	(2,1), (2, 2)
	(4, 3)
	(7, 3)

	0
	18
	36
	56

	1
	18
	36
	56



***Unchanged text is omitted***



2        Summary of the Companies’ Comments 
In the table below, please share your view on whether you can accept the addition of the (2,1) PDCCH pattern applicable to a UE supporting/configured with processing capability #2.
	Company
	Yes/No
	Comments

	Samsung
	[Yes]
	We are fine with the proposal in order to provide more flexibility to UE. For processing capability, we prefer that new pattern (2,1) is applicable to both capabilities, not limited to capability#2.

	vivo
	Y
	We are open to support it.  

	Nokia, NSB
	
	The proposal does not quality as an essential correction of a feature but would seem to be a new functionality that impacts ASN.1 as well. The different span gap capabilities were discussed and agreed at the time Rel-16 was worked on and this capability was not then introduced. The proposed extension of the capability signaling is NBC, and there is no justification to break support of the existing functionality just to add support to an extra feature. If anything this should be considered as a new feature group instead of modifying 11-2, but it means there is broad implication on the FGs that have 11-2 as pre-requisite. There are at least 4 FGs that depend on 11-2 directly, and more indirectly. It is not obvious how the extension of FG11-2 or addition of a new FG would need to be done so that all implications are covered.
The proper home for this sort of a discussion would seem to be a TEI18, not Rel-16.

[Moderator] Thanks for sharing your view. 
This change does not seem to be NBC. In particular, let us consider a gNB implemented based on the earlier drops of specifications and a UE that supports the new pattern. This UE may signal the support for the new pattern along with some other PDCCH capabilities. Although the gNB cannot understand the (2,1) signaling, it can understand all the others (please also note that the support for FG 3-1, in the worst case that a UE does not support any optional PDCCH capability, is mandatory.) Hence, it can configure the UE with a PDCCH monitoring configuration that is based on any of the other reported capabilities.  

	HW/HiSi
	
	The span pattern (2,1) has been excluded explicitly in RAN1#98, and we do not want to revert an agreement. I copied the agreement below for reference:

Agreements:
Support (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b as the combination (X, Y) for Rel-16 PDCCH monitoring capability on the per-CC limit on the maximum number of non-overlapping CCEs   for URLLC.    
· Combination (2, 1) (4, 1) (4, 2) (7, 1) (7, 2) are not additionally introduced
· FFS (3, 3) or (3,2) 
· UE reports the supported combinations per SCS 
· (2, 2)(4, 3)(7, 3) applicable for 15 kHz and 30 kHz
· FFS for 60 kHz and 120 kHz

We also would like to point out that to achieve the desired functionality, it is not needed to introduce (2,1). Instead, a new UE FG group can be defined where the (2,2) is reported to be supported with restrictions, e.g. no adjacent PDCCH monitoring occasions and CORSET duration of 1. A similar approach has already been taken for unaligned-spans. But this discussion would then probably be part of Rel-16 UE features.

[Moderator] Thank you for the response. Could you please elaborate on how the new FG should be formulated? This was proposed during the last meeting too, but no additional detail was provided. Please also note that by adding a new FG, other FGs that have FG 11-2 as their prerequisite may also be impacted. Hence, the proposed solution seems to be a clean way to add this new pattern.  

	ZTE
	
	Thanks for the continued efforts from the proponent. 
Firstly, we’d like to clarify the following issue, which may also require additional specification impact? 
· In case both combination (2,1) and (2,2) are reported, it seems unclear which combination would be selected due to the same maximum number of  and  of the two combinations. 
	TS 38.213: 
If a 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 one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  defined in Table 10.1-2A and Table 10.1-3A. The UE expects to monitor PDCCH according to the same combination  in every slot on the active DL BWP of a cell.


 [Moderator] Thank you for the comment and raising this issue. Let us assume that the new pattern is not limited to processing capability #2 as Samsung is proposing. To remove this ambiguity, it is enough to enforce the UE to report one of (2,1) or (2,2) for each given processing capability. For example, if a UE reports the support for (2,1) for processing capability #2, it does not signal (2,2) for processing capability #2. The same is applied to processing capability #1. Also, the same approach can be applied if the new pattern is limited to processing capability #2 only. This signaling rule can be added as a note in the FG description.   

	DOCOMO
	
	We are open to discuss it for flexibility of UE implementation. However, we think the issues raised by Nokia and ZTE are reasonable. Clarification by proponents on how to deal with the issues would be appreciated.
[Moderator] Please refer to the moderator’s response to the comments from Nokia and ZTE.

	Qualcomm
	Yes with comments
	Although we proposed to limit this new span pattern to processing capability #2, the same as Samsung, we would like to include it regardless of the processing capability. 

	HW/HiSi 2
	No
	We do not support the suggested change introduce the new span pattern (2, 1). This would revert the previous agreement in which (2,1) has been explicitly precluded.
The second part from our previous comment should not be understood as a proposal from our side. I wanted to make you aware of the potential possibility to achieve your envisioned functionality with a new UE FG, e.g. FG 11-2x that supports (2,2) with restrictions. The restrictions could then be a CORESET duration of 1 symbol and at least 1 symbol gap between PDCCH monitoring occasions. If I remember correctly a similar approach has been taken for unaligned spans already. For that a restricted capability was introduced (11-2g as a restriction of 11-2c) which requires the same PDCCH monitoring occasions in each slot.

	Ericsson
	No
	This change is not essential and have impact to 38.213 as well as UE capability reporting.
For 38.213, first RAN1 has to do all the work that were done for (2,2),(4,3),(7,3), for example, BD limit and CCE limit:
[image: ]
[image: ]
Then we have to check all procedures (including CA, aligned, non-aligned) to make sure that nothing is broken by replacing (2,2) with (2,1), even if only one of them can be reported, but not both.
At this late stage, we don’t think the above is justified.
[Moderator] Thanks for the comments. The TP to include the required changes is presented as part of the proposal in this document. The proposal does not include changing the CCE/BD limits. The CA design and aligned/non-aligned configuration are generically designed in R16 and are not span dependent. 

	Nokia, NSB (13.10)
	
	Thanks moderator for responding to our earlier comment. The non-backwards compatibility lies in changing an existing UE capability, this is a CAT-C “functional modification of feature” type of change to 38.306 and 38.331. The change within RAN1 is a CAT-B “addition of feature”, and it does fit on top of the earlier existing RAN1 functionality without compatibility issues. If you would be proposing to introduce a new UE capability, rather than modification of existing UE capability then the RAN2 backwards compatibility issue would be solved and the RAN2 change would become a CAT-B change too, but then the feature dependencies would be broken and would need to be worked out.
Neither CAT-C nor CAT-B CRs can be taken in a frozen release.



3        Third Round of Discussions 
Thank you to all the companies participating in the first two rounds of discussions. The status so far is as follows: 
· Supporting companies: Samsung, vivo, Qualcomm, [DCM], [ZTE] (@DCM and ZTE: please modify this line in case your position is not correctly captured.)
· Not Supporting: Nokia/NSB, HW/HiSi, Ericsson
· Nokia/NSB: The proposal requires CAT-B and CAT-C CRs and cannot be taken in a frozen release. 
· HW/HiSi: (2,1) was excluded before during the WI phase. Also, there might be other ways to introduce this functionality, e.g., by adding new FGs (not a proposal but mentioned as an FYI to the group.) 
· Ericsson: Adding the new span pattern may require rediscussing the overall functionality under CA and aligned/non-aligned span configurations. (Please also refer to the moderator comments above.) 

Although it is acknowledged that the proposed changes are not essential corrections for the operation of the feature from the specification point of view, but at least from the list of supporting 
companies, it is critical from implementation point of view. 
   
An alternative approach could be to agree to add a (2,1) span “functionality” as part of R18 UE feature (functionality is used instead of the pattern itself to have the door open for other 
approaches to achieve the same goal, e.g., based on HW/HiSi note above.) In addition, although the changes to the R18 specification cannot be agreed now as a CR, the modifications to TS 38.213 can be agreed as a TP. 

Question: Is the following proposal acceptable?
Proposal: Define a UE capability that achieves a (2,1) span pattern functionality for the span-based PDCCH monitoring as an R18 UE feature.
· The exact structure and signaling details are FFS and will be discussed as part of R18 UE feature discussions. 

	Company
	Yes/No
	Comments

	Samsung
	Yes
	

	ZTE
	OK with modifications
	For the original proposal to introduce span (2,1) from Rel-16, we are not keen on it. Therefore, we removed our company name above. 
We are ok to discuss potential solutions to address UE implementation issue in Rel-18 if the restrictions to be introduced are acceptable. For the proposal, we have the following comments. 
Firstly, ‘(2,1) span pattern functionality’ is not very clear without knowing the background of discussion. In addition, even if RAN1 agrees to further discuss in Rel-18, it’s better not to limit to ‘(2,1) span pattern functionality’ now. For instance, even we choose HW proposed way by (2,2) with restrictions, the restrictions may not have to be ‘a CORESET duration of 1 symbol and at least 1 symbol gap between PDCCH monitoring occasions’. Introducing restrictions that are more friendly to NW should be also allowed.  
With above, we suggest the following changes. 
Proposal: Define a UE capability that achieves a (2,1) span pattern functionality for the span-based PDCCH monitoring as an R18 UE feature, by selecting one of the following two alternatives.
· Alt 1: Introduce span (2, 1)
· Alt 2: Add restrictions based on span (2, 2)
· The exact structure and signaling details are FFS and will be discussed as part of R18 UE feature discussions. 


	HW/HiSi
	Some clarification needed firstly
	@Moderator: Thanks a lot for the proposals. I just want to summarize our view and ensure that we have the same understanding about the proposal: We have a concern on introducing a new span pattern into the specification. If anything should be done at all, then it might acceptable to re-use the existing patterns, and to report their support with some restrictions that ease the UE implementation. The UE could for example report a limited (2, 2) capability with restrictions (those that I mentioned earlier or maybe also other). That means no spec change will happen to 38.213 and a separate discussion in Rel-18 UE features is needed to introduce the reduced capability (2, 2). Do I understand this correctly?
[Moderator] Thanks for the comments. Yes, the idea is to agree now to introduce a functionality that helps with implementation in R18, and discuss the details of it as part of R18 UE feature later. From QC side, we are fine with any approach that can achieve this goal. 
Please let me know if other clarifications needed. 

If yes, how would we follow-up in practice? Would we now just check the temperature with this proposal but independent from its outcome it can be raised in the Rel-18 UE features discussion? Or is the proposal a commitment that it has to be included (for agreed proposal), alternatively cannot be included (for non-agreed)? I am only asking these questions only to get to better understanding how we would proceed if this proposal is agreed, and if it makes a difference whether to agree to it or not for possible future work?
Regarding the comment from ZTE:
@ZTE: Is the intention of Alt1 to introduce a new span pattern into the specification, for example in 38.213? In that case we would not agree to this modification.

	Ericsson
	
	Not sure about what’s meant by Rel-18 feature? The intention is to change Rel-16 38.213, but adding a new UE feature for Rel-18?
Again, we are not even sure about the Rel-16 38.213 changes. We don’t think we can simply accept the suggested TP as is, without carefully examining the ramifications.
For BD and CCE, since (2,1) would severely limit PDCCH scheduling flexibility, it’s not clear (2,2) numbers should simply be reused.
For CA/aligned/non-aligned, we are not sure if the additional restrictions are too restrictive. For example:
[image: ]
[Moderator] The TPs are for R18 (assuming that the modified text will not change in R18 since there is no relevant R18 WI.) But, for now, we can set the TPs aside. 
The objective here is to make it possible for the UEs to implement this feature. Unfortunately, increasing the number of BDs/CCEs does not help. 
Regarding the comment on scheduling flexibility, isn’t that a gNB could configure the PDCCH for (2,1) users in TDM manner? In particular, if the UEs could do (2,2), their PDCCH would have been FDM, but with (2,1), they should be TDM but effectively occupying the same number of resources. Please let me know if that is not the case. 

	ZTE2
	
	@ HW/HiSi: Yes, the intention of Alt 1 is to introduce span pattern (2,1) as QC proposed. From ZTE perspective, we prefer Alt 2 and would be certainly ok to only leave Alt 2 for potential Rel-18 UE feature discussion if needed. 
[Moderator] Thanks for the comments. The updated proposal is below. 



Question: Do you agree to take the TPs presented in this document as agreed for R18 specification? (If agreed, this text will not be added until the R18 specification documents 
are available.)
 
	Company
	Yes/No
	Comments

	Samsung
	Yes
	

	ZTE
	No
	Without knowing the details of how to relax span based PDCCH monitoring based on above proposal, no need to rush into the TP. 

	HW/HiSi
	No
	Same reason as in earlier round

	Ericsson
	No
	This is not essential change, and severely reduces PDCCH scheduling flexibility.

	Moderator 
	
	Let us set the TPs aside, and focus on the next proposal for the time being. 




Question: Is the following proposal acceptable?
Proposal: Define a UE capability that achieves a (2,1) span pattern functionality for the span-based PDCCH monitoring, by adding restrictions based on the (2, 2) span, as an R18 UE feature.
· The exact structure and signaling details are FFS and will be discussed as part of R18 UE feature discussions. 
	Company
	Yes/No
	Comments

	vivo
	Yes
	We are fine with the proposal to achieve the same function as (2,1) span pattern. 

	DOCOMO
	Yes
	We are fine with the approach in the proposal, i.e., Rel-18 capability with restrictions.

	HW/HiSi
	[Yes]
	If it is possible now to decide to discuss in Rel-18 UE feature, we are ok with it. Or would this be a REl-18 TEI, this should also be ok? If it is not possible, then we can take this proposal as a “temperature check” to get an overview about companies’ intention and come back to it in rel-18 anyway. 
[Moderator] Since this topic has been discussed for three meetings now, it would be great to be able to conclude and only focus on the FG structure during the R18 UE feature discussions. 

	ZTE
	
	As we commented before, we suggest not to limit to ‘a (2,1) span pattern functionality’, which is too restrictive for NW, regardless it is achieved by introducing (2,1) or adding restrictions on (2,2). For instance, instead of having configuration restrictions on the number OFDM symbols in one CORESET, we may only need to limit the number of spans in a slot based on span (2,2)? In our view, this doesn’t have any RAN1 impact. In any case, we don’t want to impose too much restrictions on NW and also minimize RAN1 spec impacts. 
So, we suggest: 
Proposal: Define a UE capability to relax span-based PDCCH monitoring capability FG 11-2 that achieves a (2,1) span pattern functionality for the span-based PDCCH monitoring, by adding restrictions based on the (2, 2) span, as an R18 UE feature.
· The exact structure and signaling details are FFS and will be discussed as part of R18 UE feature discussions. 


	HW/HiSi2
	Yes
	We are fine with the proposal. If it is according to the RAN1 working procedure allowed to agree now in Rel-16 to introduce a UE FG for Rel-18, then we are fine.
We prefer a restriction on (2, 2) that would mimic the (2, 1) functionality rather than limiting the number of (2, 2) spans.  This is a trade-off between implementation complexity NW scheduling flexibility. However, we think the ZTE proposal is sufficient at this stage and we can have separate discussion on this in Rel-18 UE features.

	Qualcomm
	Yes
	We agree with the intention of the main proposal and agree with HW/HiSi on adding a (2,1) functionality instead of reducing the number of (2,2) spans. But, ZTE’s proposal could be acceptable at this stage. 



4        Conclusion 
The following proposal was agreed and endorsed: 
Proposal: 
Define a UE capability to relax span-based PDCCH monitoring capability FG 11-2 that achieves a (2,1) span pattern functionality for the span-based PDCCH monitoring, by adding restrictions based on the (2, 2) span, as an R18 UE feature.
· The exact structure and signaling details are FFS and will be discussed as part of R18 UE feature discussions. 
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