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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The email discussion is to discuss the remaining issues on PDCCH candidate overbooking and dropping.  
[100e-NR-L1enh_URLLC_PDCCH-02] Email discussion/approval on remaining issues on PDCCH candidate overbooking and dropping: 
· Remaining issues on span based PDCCH candidate overbooking and dropping
· Correction on span definition 
by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3 – Chengyan (Huawei)
This document summarizes the details of the discussions on the above issues in section 2 and 3 separately. In addition, section 4 provides the summary of the agreement/conclusion and endorsed TPs under this email discussion.  
PDCCH candidate overbooking and dropping 
To support PDCCH candidate overbooking and dropping is a complex function for the UE. In Rel-15 it is performed on a slot level basis, if it is performed for every span in Rel-16, then this can increase the complexity substantially. Therefore an agreement was reached in RAN1#99, where it is FFS if overbooking and dropping is performed in every span. 
	Agreement from RAN1#99
PDCCH monitoring can be configured based on either Rel-15 capability (i.e. per slot based capability) or Rel-16 capability (i.e. per span based capability) on a serving cell 
· gNB configures which capability is used
· For Rel-16 PDCCH monitoring capability,
· The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS
· PDCCH dropping is performed in a span if needed   
· PDCCH overbooking and PDCCH dropping are only allowed on PCell and PSCell
· FFS PDCCH overbooking and PDCCH dropping are not performed in all spans in a slot
· PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present 
· 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 
Note: PDCCH overbooking and PDCCH dropping are not performed per slot



Span(s) for PDCCH overbooking/dropping 
Summary of first round email discussion
For the FFS highlight in yellow above, the views based on the contributions are summarized as below:
	Source 
	Option A
Overbooking/ Dropping in every span
	Option B
Overbooking /Dropping only in Spans with CSS
	Additional information

	Ericsson [2] 
	X
	
	

	vivo [3]
	
	X
	

	ZTE [4]
	X
	
	

	CATT [8]
	
	X
	

	Panasonic [9]
	
	X
	

	LG [11]
	
	[X]
	LG proposes to support overbooking/dropping on a sub-sets of span in the slot, e.g. the first “k” spans, but not necessarily on the spans that contain CSS. 

	China Unicom [13]
	
	X
	

	Apple [14]
	
	X
	

	Spreadtrum [15]
	
	X
	

	Qualcomm [19]
	
	[X]
	Dropping is not performed in all spans. Only in a fix span, e.g. always the first span.

	HW/HiSi [21]
	
	[X]
	The main concern is that dropping and overbooking is not done in all spans of a slot. To limit to CSS seems a good choice. But group common CSS that can be configured in every span should then be excluded as well. 

	
	
	
	

	
	
	
	

	Total
	2
	9
	



From the views in the contribution, a majority number of companies wants to supports PDCCH overbooking/dropping in some spans. So the following proposal was made initially as the starting point for email discussion. The views from companies are summarized as below also. 

Proposal: PDCCH overbooking and PDCCH dropping are only allowed on a subset of spans within a slot. 
· Option 1：Only performed in the span(s) with CSS present
· FFS whether type-3 CSS is included or not
· Yes: Samsung, Panasonic, Sharp, Apple, DOCOMO, Vivo, Nokia
· No: Huawei/HiSilicon


· Support: Vivo, CATT, Panasonic, China Unicom, Apple, Spreadtrum, Huawei, Samsung, Sharp, DOCOMO, Nokia

· Option 1-a：Only performed in at most X span(s) with CSS present within a slot;
· FFS the value of X
· 2: MediaTek

· Option 2：Only performed in the first X span(s) within a slot;
· [bookmark: OLE_LINK11] FFS the value of X, e.g. 1
· 1: Qualcomm
· X is UE capability: LG

· Support: LG, Qualcomm 

· Reason
· To reduce the UE complexity the number of spans for PDCCH overbooking and dropping should be fixed 

· Option 3：PDCCH overbooking and PDCCH dropping is allowed in any span in a slot, regardless of whether CSS exits or not
· Support: ZTE, Ericsson 

· Reason
· In Rel-15 overbooking is allowed in any slot regardless of whether CSS is present or not, similar rule should be used for Rel-16

Companies are encouraged to provide your views on the above proposal and indicate which option you prefer. Views on the FFS points are encouraged also. 
	Company
	View

	CATT
	Option 1.

	Samsung
	Option 1 and Type-3 CSS is included – this requires no spec change (other than slot  span) 

	Panasonic
	Option 1 and type-3 CSS is included.

	Sharp
	Option 1 and type-3 CSS is included. 

	Qualcomm
	First, it should be clarified why it was discussed/proposed initially to reduce the number of spans in which overbooking is allowed and dropping is expected. The main reason is that performing dropping multiple times per slot comes at the expense of UE implementation complexity. 
To keep the complexity manageable, we propose Option 2, where dropping is only expected in a subset of spans. To benefit from this approach, the spans in which dropping may need to be performed should be fixed, e.g., 1st span of a slot. Further, we do not see a need to allow for dropping in more than one span per slot.
It should be noted that Option 1 does not reduce the UE complexity since CSS can be configured to be present in all spans. Hence, it is unclear which issue is aimed to be addressed using Option 1.

	LGE
	We are supportive of option 2. 
Considering we introduce UL CI in Rel-16 which is monitored on CSS, CSS may be configured very often (e.g., 7 MO per slot). In that case, PDCCH overbooking on all spans with CSS present can result in excessive UE complexity. In that sense, we prefer to PDCCH overbooking only in the first X span(s) within a slot and X can be determined by UE capability. 

	Apple
	Option 1 and type-3 CSS is included. 

	ZTE
	In Rel-15, PDCCH overbooking and PDCCH dropping are performed per slot for the primary cell mainly due to CSS configuration. However, Rel-15 spec doesn’t restrict that PDCCH dropping are only performed in the slot with CSS present. So, our first preference is no need such restrictions in either option 1 or option 2. Even if we conclude to option1, no spec change is expected as Rel-15. 

	DOCOMO
	Option 1 and type-3 CSS is included.

	vivo
	Option 1 and type-3 CSS is included.

	HW/HiSi
	The main purpose, in our view, to only perform PDCCH overbooking and dropping in spans that contain CSS is to limit the number of BD/CCE counting procedures, so that the UE does not need to perform them multiple times per slot. This would be a substantial complexity increase in Rel-16 compared to Rel-15. Type-3 CSS can be configured in any span, from that perspective it shall be excluded from the overbooking and dropping. The overbooking and dropping is mostly needed for spans than contain type 0/0A/1/2-CSS. Maybe we could have a further discussion why Type3-CSS also should be included in the overbooking/dropping?

Our first preference is Option 1 with type3-CSS excluded. If this is not agreeable, then we are fine with a slightly modified option 2, e.g.  where at most X spans in the slot can be configured to support overbooking and dropping (for the case that CSS is not in the first span). 

	Intel
	We are not sure if limiting the overbooking/dropping to some of the spans is necessary and/or beneficial. Particularly, it is not clear exactly to what extent the UE complexity is increased if overbooking may apply for all spans. Two observations:
1. Most of the computation can be done offline
1. Span-based monitoring is typically useful/expected in the context of PDCCH SS sets with multiple MOs in a slot
1. The hashing function varies at a slot-level granularity and thus, the CCE indexing would repeat for all occurrences of MOs of a SS set in a slot. 
Thus, if the UE performs the calculation for one span, then, it may not be significant burden to also perform the calculation on other spans in the slot.

However, if all companies are interested to still aim to minimize UE complexity, irrespective of the amount, then we should rather go with Option 2 with a fixed value of 1. With Option 1, there is no reduction in UE complexity at all.

	Ericsson
	Neither Option 1 nor Option 2. 
We support Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span.

In Rel-15, overbooking is performed only on the primary cell as there can be various search space sets including CSS to be monitored. However, PDCCH overbooking and dropping can still be performed in a slot where there is no CSS configured. To maintain the same flexibility and Rel-15 behavior where PDCCH overbooking and dropping are allowed in any slot in the PCell, we support that PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. Spec change is not expected except the part where dropping per slot is replaced by dropping per span.
We note that there is also a connection to the per-span limit discussion which is postponed to a later meeting. It is unclear how this discussion can be done without considering the per-span limit discussion. It is important for scheduler flexibility that both the overbooking rule and per-span limit are not overly restrictive.

	MediaTek
	Performing the dropping per span comes with a UE implementation complexity. Therefore, Option-1 is not really helping the UE implementation, the UE has to count for the worst case scenario, which is all the spans have CSS. 
One possible trade-off is to only perform in at most X span(s) with CSS present within a slot, and we suggest X = 2.

	Nokia, NSB
	Even though in principle we would agree with the comments from ZTE and Ericsson, if it helps with the progress, we would be fine with Option 1 with type-3 CSS included.



Summary of second round email discussion
Based on the above inputs and the discussion from the first round of email discussion, it seems more discussion or thinking are still needed before we can achieve consensus. ZTE and Ericsson propose that PDCCH overbooking and dropping is performed in any span within a slot, I can understand your point from network perspective, but I doubt we can go that way based on the discussion. For progress, the following proposal #1 was made for further email discussion.  
 
Proposal #1: For PDCCH overbooking/dropping, down select one from the following options:
· Option 1：PDCCH overbooking/dropping is only performed in a span with CSS present
· Alt. 1: All span(s) with CSS present within a slot, including type-3 CSS
· Samsung, Panasonic, Sharp, Apple, DOCOMO, Vivo, Nokia
· Alt. 2: All span(s) with CSS present within a slot, except for type-3 CSS
· Huawei/HiSilicon 
· Alt. 3: At most X (e.g. 2) span(s) with CSS present within a slot, including type-3 CSS 
· MTK 
· Option 2：PDCCH overbooking/dropping is only performed in the first X span(s) within a slot;
·  Alt. 1: the value of X is 1
· Qualcomm
· Alt. 2: X is UE capability
· LG

During the email discussion, companies provide views on the above proposal and some modification was made as below:

Revised Proposal #1: For PDCCH overbooking/dropping, down select one from the following options:
1. Option 1：PDCCH overbooking/dropping is only performed in a span with CSS present
7. Alt. 1: All span(s) with CSS present within a slot, including type-3 CSS
0. Samsung, Panasonic, Sharp, Apple, DOCOMO, Vivo, Nokia
7. Alt. 2: All span(s) with CSS present within a slot, except for type-3 CSS
1. Huawei/HiSilicon 
7. Alt. 3: At most X span(s) with CSS present within a slot, including type-3 CSS 
2. For the value of X,
0. X=2: MTK,  Huawei/HiSilicon 
0. X=1: Qualcomm
2. FFS: If the number of spans with CSS present within a slot is larger than X, then PDCCH overbooking/dropping is performed in the first X spans with CSS present
1. Option 2：PDCCH overbooking/dropping is only performed in at most X span(s) within a slot;
8.  Alt. 1: the value of X is 1
0. Qualcomm, [Huawei/HiSilicon], LG 
8. Alt. 2: X is UE capability
1. LG, [Huawei/HiSilicon]
1. Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. 
9. Ericsson, [ZTE], Nokia, [DOCOMO]
	Company
	View

	Feature lead
	Based on the above inputs and the discussion, it seems more discussion or thinking are still needed before we can achieve consensus. ZTE and Ericsson propose that PDCCH overbooking and dropping is performed in any span within a slot, I can understand your point from network perspective, but I doubt we can go that way based on the discussion. For progress, hopefully you can consider either option 1 or option 2.   

	Intel
	Please see our view added to the tables below.

	Qualcomm
	We are fine with the following options:
1. Option 1-Alt3 with X=1 and without limiting type-3 CSS.
1. Option 1-Alt1 with X=1; there is no need to say the first span; however, the span in which overbooking is expected should be known by the UE in advance. 

	LGE
	We still think this X can be UE capability, but we are fine to compromise to X=1 here. 
We would like to note that it doesn’t have to be the first span. The UE just needs to know where the UE should perform overbooking in a slot by configuration. 

	Ericsson
	We observed from companies’ input that at least 3 companies (ZTE, Ericsson, Nokia/NSB) support Option 3 (Nokia prefers Option 3 over Option 1). Since there are more supporters to Option 3 than Option 2, it’s fair that Option 3 should be added in place of, or in addition to, Option 2. I took the initiative to add Option 3 in red above.
Moreover, based on several companies’ input (e.g., Intel, Samsung), UE complexity may not a big concern for per-span dropping (although different views exist, according to input to Question 1). Option 3 is much preferred due to the benefit of PDCCH scheduling flexibility. 

	DOCOMO
	We previously selected Option.1-Alt.1 for making progress considering that it would have a good trade-off between UE complexity and scheduling flexibility even though we preferred Option 3. However, as it is now unclear whether UE complexity becomes a big concern for per-span dropping based on several companies’ input, if allowed, we also would like to list us up to Option. 3 with brackets as well as Option.1-Alt.1. If the UE complexity becomes apparent, we are also fine with Option 1-Alt.1 or other options, e.g. Option1-Alt.3, depending on the complexity. Otherwise, Option.3 is preferable since it has the best scheduling flexibility and no new restriction from Rel.15 dropping rule.

	HW/HiSi
	We think it is about time to converge and to resolve this issue. Therefore, we are quite flexible which solution to adopt.
We prefer option 1, alternative 2. But are almost equally fine with alternative 3. Alternative 3 offers a good compromise between flexibility and UE complexity.

If none of the above options is agreeable, we would suggest a way to harmonize Opt1-alt3 and Option 2 under the same framework. That is why we put our company in brackets for the options.  

	ZTE
	We support Option 3. The UE complexity is not clear for us as also pointed by several UE vendors. Note that, we haven't discussed the exact values for the maximum number of non-overlapping CCEs and candidates. Such kind of complexity discussed here can be considered later, if indeed exists, when determining the maximum monitoring capability. 

	Samsung
	Option 1, Alt. 1. There is no issue with UE complexity and a UE can fully re-use the Rel-15 procedure instead of redesigning the software. There is no need to change the Rel-15 procedure.

	MediaTek
	We support option-1 Alt-3 with the following clarification.

The PDCCH overbooking/dropping is only performed in a span with CSS present, with up to X spans per slot. If there are more than X spans in a slot with CSS present, the overbooking/dropping can be performed only on the first X spans with CCS present.

Let’s assume there are Y spans in the slot with CSS present. So, we will have the following cases:
1. Case-1 (Y <= X): there shouldn’t be an ambiguity about which spans the overbooking/dropping can be performed (i.e. the overbooking/dropping performed on the spans with CCS present and the location of the spans is known to the UE).
1. Case-2 (Y > X): there is ambiguity about which spans the overbooking/dropping can be performed. So, for this case, the overbooking/dropping can be performed on the first X spans with CCS present.

	Nokia, NSB
	Option 3 or Option 1 Alt 1


 

Based on the discussions from the first round email discussion, it seems one key question which will have impact on which option to choose is whether UE complexity is a problem or not for span based PDCCH overbooking/dropping, compared to what we already support in Rel-15. It seems different companies have different views.   

Question 1: Whether UE complexity is a big problem or not if overbooking/dropping may apply for all spans compared to what we already support in Rel-15? Please provide your reason. 
	Company
	View

	Feature lead
	Based on the discussions, it seems one key question which will have impact on which option to choose is whether UE complexity is a problem or not, compared to what we already support in Rel-15. It seems different companies have different views. I think it would be good for companies to think about it more and share more on this also. Some points from companies below related this:
	Intel
It is not clear exactly to what extent the UE complexity is increased if overbooking may apply for all spans. Two observations:
1. Most of the computation can be done offline
1. Span-based monitoring is typically useful/expected in the context of PDCCH SS sets with multiple MOs in a slot
1. The hashing function varies at a slot-level granularity and thus, the CCE indexing would repeat for all occurrences of MOs of a SS set in a slot. 
Thus, if the UE performs the calculation for one span, then, it may not be significant burden to also perform the calculation on other spans in the slot.



	Samsung 
The complexity is similar to the one a UE is designed for in Rel-15 and is anyway able to support.
Slot-based SS set dropping needs to be done for all SCS in Rel-15 while span-based SS set dropping will need to be done only for 15/30 kHz SCS in Rel-16 (and only for SS sets with CSS). Complexity is similar as for 120 KHz in Rel-15 (and anyway, that complexity is not one of the headaches of UE implementation).



Note: I am not saying UE complexity is not a problem at this stage, just want people can understand each other more with this question if possible.  

	Intel
	Echoing the FL, it’d be good to understand where exactly the key complexity impact comes from. Particularly, given that the impacts on UE dimensioning and complexity is not clear, in our view, this aspect should not be further discussed. 
As such, the simplest and most reasonable way is to add no further restrictions on spans in terms of the overbooking. 

	Qualcomm
	In the spans in which overbooking is expected, the UE has to perform CCE/BD counting. Counting cannot be done in parallel since the candidates/CCEs that are counted should not be counted again. (Note that for xCC, the problem was circumvented by allowing double counting exactly because of the complexity.)
Now, with the span based PDCCH, the counting operation has to be done multiple times per slot. That is why we think some limits should be defined to make the complexity at the UE manageable.

	LGE
	Share the same view with QC.

	HW/HiSi
	It is a complexity problem. In Rel-15 overbooking and dropping is done once per slot. In Rel-16 in worst case it needs to be executed 7 times per slot. This will increase the UE complexity significantly.

	Samsung
	Rather than arbitrarily saying “it is” or “it is not” a complexity problem without any substantiation, it should be explained why. We provided such reasoning/analysis in previous messages. To our knowledge, there has not been a justification why things are more complex than in R15. Also, compared to the overall UE “complexity” for PDCCH monitoring, overbooking is a simple aspect and it is handled by software.

	Nokia, NSB
	Is it more complicated? Yes. Is it so complicated that we would want to introduce significant constraint on PDCCH configuration/scheduling? I am not sure. 
I do understand there is a larger computation complexity to determine dropping per span, but as discussed in Rel-15, all companies thought this should be done offline instead of online. In this sense, how significant the complexity is seems a bit questionable. So for us to go with other options, companies should provide some more details. As we can see, there are different views even among UE vendors on this issue.

Thorsten>>
I suppose with offline calculation you mean that all conditions are known from the RRC configuration and be can calculated already then. In theory this is true, but it is not practical. The reason is that the maximum configurable periodicities of monitoring occasions are very large can be very different for different search space sets. Therefore, the overbooking/dropping pattern will be different in different slots for a very long period until the pattern starts to repeat. The UE would need to be prepared for the worst possible cases. It is not practical to do all these calculations in advance and to store the results in memory.
At least MTK, QC, HiSi and LGE have the same view that overbooking/dropping should only be performed in some spans. As I wrote in my earlier email, I am concerned that we are approaching a deadlock. Could one way to avoid this be the introduction of 2 UE capabilities?    For example cap A: overbooking/dropping in all spans and cap B: overbooking dropping in some spans. Regarding cap B, there are currently slightly different views in which spans to do the overbooking/dropping. For MTK they are flexible and want a limited number of spans that can be anywhere in the slot, whereas QC prefers a fixed position. I think both realizations could be resolved in cap B by indicating in which span the overbooking and dropping shall be done. If it should be a fixed position, e.g. always the first span, the UE could always report this span.



Question 2: Which option above you can accept if not going to your first preference? 
	Company
	View

	Feature lead
	Ask this question is just to see if any possibility to come up some potential compromised direction.  

	Intel
	If all companies are interested to still aim to minimize UE complexity, irrespective of the amount, then we should rather go with Option 2 with a fixed value of 1 (without any UE capability). We note that unless we fix the value, there is no benefit in terms of the complexity reduction.
With Option 1, we see no reduction in UE complexity at all. 

	Qualcomm
	Agree with Intel that Option 1 (Alt1 and 2) does not solve the issue. Alt3 restricts type-3 CSS (specially for ULCI.)
Our preferred options are listed in the table above. 

	Ericsson
	We can accept Option 1 - Alt 1.

	DOCOMO
	For now, Option.3 > Option.1-Alt.1 > Option.1-Alt.3 depending on UE complexity. If companies are strict to reduce UE complexity, we could compromise at Option.1-Alt.3.

	HW/HiSi
	Our solutions are listed in the updated table. Option 1, alt and alt 3 are fine. Also Option 2 could be acceptable. 
If none of these options could be agreed, we would be fine with a UE capability.

	ZTE
	 Option.3 > Option.1-Alt.1 

	Samsung
	Possibly option 3, if a problem is shown with the Rel-15 based procedure of option 1, Alt. 1, as it does not restrict configurations of SS sets (either USS or CSS).



Summary of third round email discussion
Based on the above inputs and the discussion from the second third round email discussion, it was observed that no chance to down select to one of the above options at this meeting. The intention of the proposal is to set the candidate options for further discussion in the next meeting. The discussion we had here is still meaningful, at least we understand each other’s thinking better and have the set of clear options as the starting point for next meeting.
Further revised proposal #1: For PDCCH overbooking/dropping, down select one from the following options:
1. Option 1：PDCCH overbooking/dropping is only performed in a span with CSS present
10. Alt. 1: All span(s) with CSS present within a slot, including type-3 CSS
10. Alt. 2: All span(s) with CSS present within a slot, except for type-3 CSS
10. Alt. 3: At most X span(s) with CSS present within a slot, including type-3 CSS 
2. FFS: If the number of spans with CSS present within a slot is larger than X, then PDCCH overbooking/dropping is performed in the first X spans with CSS present
2. For the value of X,
1. Alt.3-1: X=2 
1. Alt.3-2: X=1
1. Alt.3-3: X is UE capability 
1. Option 2：PDCCH overbooking/dropping is only performed in at most X span(s) within a slot;
11.  Alt. 1: the value of X is 1
11. Alt. 2: X is UE capability
1. Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. 
Please comment if you think any of the above option is not clear or need any modification. 
	Company
	View

	Feature lead
	It was observed that no chance to down select to one of the above options at this meeting. The intention of the proposal is to set the candidate options for further discussion in the next meeting. The discussion we had here is still meaningful, at least we understand each other’s thinking better and have the set of clear options as the starting point for next meeting. 

	
	



Some further discussion on potential down-selection, but in the end none of them was agreed to be removed. As to the UE complexity, companies cannot achieve consensus either. Companies are encouraged to check and think about it thoroughly, then in the next meeting hopefully we can make some progress. 

Conclusion from the email discussion
Unfortunately we were not able to do any down-selection in the end. Chairman suggest that we take a note of the proposal below, and strongly encourage us to use the proposals to do more analysis with the hope that we can conclude in April. 

Proposal #1: For PDCCH overbooking/dropping, down select one from the following options:
       Option 1：PDCCH overbooking/dropping is only performed in a span with CSS present
o   Alt. 1: All span(s) with CSS present within a slot, including type-3 CSS
o   Alt. 2: All span(s) with CSS present within a slot, except for type-3 CSS
o   Alt. 3: At most X span(s) with CSS present within a slot, including type-3 CSS 
  FFS: If the number of spans with CSS present within a slot is larger than X, then PDCCH overbooking/dropping is performed in the first X spans with CSS present
  For the value of X,
0. Alt.3-1: X=2 
0. Alt.3-2: X=1
0. Alt.3-3: X is UE capability, the candidate value for X is {1, 2, FFS}  
        Option 2：PDCCH overbooking/dropping is only performed in at most X span(s) within a slot;
o    Alt. 1: the value of X is 1
o   Alt. 2: X is UE capability, the candidate value for X is {1, 2, FFS}  
1. Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. 

How to perform PDCCH dropping in a span  
Summary of first round email discussion
As to the details of how to perform the dropping in a span, some candidate solutions are proposed by companies as summarized below:
· Option 1: If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in span j.
· Support:
· Option 2: If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.
· Support: Intel   
· Option 3: If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.
· Support: Ericsson, LG, Sharp (AL level)   

Based on the views from the contribution, the following proposal #2 was made for the first round email discussion. The views and positions are summarized as below: 
Proposal #2: For PDCCH candidate dropping in a span,
·  Option 1: If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in span j.
· Support:
· Option 2: If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j, i.e. no partial dropping in any search space set
· Support: Intel, Samsung, Panasonic, Qualcomm, Apple, Vivo, Huawei/HiSilicon, MediaTek.     
· Reason
· Almost no effort on spec change  
· Option 3: If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.
· Support: Ericsson, LG, Sharp, CATT, LG, ZTE, DOCOMO, Nokia

· Reason
· Per-span limit is typically smaller than the per-slot limit, UE should monitor as many PDCCH candidates as possible   
· Cons: More UE complexity compared to option 2   

Companies are encouraged to provide your views on which option you prefer.
	Company
	View

	CATT
	We support option 3

	Samsung
	Option 2 – this requires no spec change (other than slot span)

	Panasonic
	Option 2. PDCCH candidates dropping rules in Rel.15 is reused per monitoring span.

	Sharp
	We support Option 3. 

	Qualcomm
	Option 2 if the assumption is that no search space is partially dropped (i.e., we follow the same behavior as in Rel. 15 under Option 2.) It would be good to clarify if that is actually the assumption.

	LGE
	We prefer option 3 in order to avoid too much dropping of PDCCH candidates. 

	Apple
	We prefer option 2 as a balance between dropping an entire span and dropping PDCCH candidates within the span.

	ZTE
	Option 3 is preferred.  

	DOCOMO
	We support option 3.

	vivo
	We support option 2.

	HW/HiSi
	We prefer Option 2 because of its simplicity and minimum specification impact

	Intel
	We support Option 2 

	Ericsson
	Support Option 3 
Option 3 is more suitable for the per-span dropping as the per-span limit is typically smaller than the per-slot limit for the same SCS. Thus  it is preferred that UE can monitor as many PDCCH candidates as possible until the per-span limit is reached.

	MediaTek
	We support Option-2.
Option-1 is very limiting to the network flexibility. Option-3 is adding unnecessary complexity to the UE. Option-2 offers a trade-off between option-1 and option-3, and it is similar behaviour to Rel-15.

	Nokia, NSB
	Option 3. Dropping on SSS level is actually quite drastic, which was already considered as a problem by us in Rel-15. Now the issue could be more severe as the per-span limit in Rel-15 would be even smaller than the per-slot limit in Rel-15.



As to PDCCH dropping in terms of monitored PDCCH candidate, same mechanism should be applied. 
Proposal #3: The same framework for PDCCH candidate dropping in a span in terms of non-overlapped CCEs per slot for channel estimation, is also used for PDCCH candidate dropping in a span in terms of number of monitored PDCCH candidates per slot.

Companies are encouraged to provide your views on the above proposal.
	Company
	View

	
	

	CATT
	Agree

	Samsung
	Agree

	Panasonic
	Agree.

	Sharp
	Agree. 

	Qualcomm
	Agree

	LGE
	Agree

	Apple
	Agree

	ZTE
	Agree

	DOCOMO
	Agree

	vivo
	Agree

	HW/HiSi
	Agree

	Intel
	Agree

	Ericsson
	Agree

	MediaTek
	Agree

	Nokia, NSB
	Agree



Summary of second round email discussion
Based on the above inputs and the discussion from the first round email discussion, it seems more discussion or thinking are still needed before we can achieve consensus. Original option 1 can be excluded and now we can focus on the two remaining options. From feature lead perspective, I do encourage companies to consider option 1. Option 2 for sure from performance perspective, it is good. However, we all know the discussion in Rel-15 about how to do PDCCH dropping if we will only drop some PDCCH candidates in a search space set, if we go to option 2 below, we would need to discuss how to determine which PDCCH candidates to drop considering both potentially exceed non-overlapping CCEs limit and BD limit. As what I recall, there are several candidate solutions and I will have to say the solutions are not that simple ones. Now we are at the maintenance phase, I am not sure if we can have enough time to go that far.       

Proposal #2: PDCCH candidate dropping in a span, down select one from the following options:
· Option 1 (i.e. original option 2): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j, i.e. no partial dropping in any search space set
· Support: Intel, Samsung, Panasonic, Qualcomm, Apple, Vivo, Huawei/HiSilicon, MediaTek.     
· Reason
· Almost no effort on spec change  
· Option 2 (i.e. original option 3): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.
· Support: Ericsson, LG, Sharp, CATT, LG, ZTE, DOCOMO, Nokia

· Reason
· Per-span limit is typically smaller than the per-slot limit, UE should monitor as many PDCCH candidates as possible   
· Cons: More UE complexity compared to option 1    
	Company
	View

	Feature lead
	Based on the above inputs and the discussion, it seems more discussion or thinking are still needed before we can achieve consensus. Original option 1 can be excluded and now we can focus on the two remaining options. 
From feature lead perspective, I do encourage companies to consider option 1. Option 2 for sure from performance perspective, it is good. However, we all know the discussion in Rel-15 about how to do PDCCH dropping if we will only drop some PDCCH candidates in a search space set, if we go to option 2 below, we would need to discuss how to determine which PDCCH candidates to drop considering both potentially exceed non-overlapping CCEs limit and BD limit. As what I recall, there are several candidate solutions and I will have to say the solutions are not that simple ones. Now we are at the maintenance phase, I am not sure if we can have enough time to go that far. 

	Intel
	Option 1 (i.e. original option 2)

	Qualcomm
	Option 1

	Ericsson
	Support Option 2 (original option 3).  Option 2 is more suitable for the per-span dropping as the per-span limit is typically smaller than the per-slot limit for the same SCS. Thus  it is preferred that UE can monitor as many PDCCH candidates as possible until the per-span limit is reached.

	HW/HiSi
	Option 1

	ZTE
	We prefer to Option 2, while would be also OK with Option 1.

	Samsung
	Option 1. 
Given that the number of candidates per SS set for span-based monitoring will be (typically) smaller than for slot-based monitoring, there is even less reason now for option 2 than there was in Rel-15. Also, this will have a bigger impact on UE complexity than the options under proposal 1 and will of course require both gNB/UE software change and specification change. 

	Nokia, NSB
	We prefer Option 2. Agree with Ericsson that there is more motivation to support finer granularity in dropping for span-based monitoring (in contrast to what Samsung suggests).
Consider a simple case for URLLC-only UE: assume that the UE has CSS in the first span and USS for URLLC in each span. Given that per-span limit is the same for all the spans, if the # of CCEs/BDs exceeds the limit, the USS would be dropped completely in the first span (i.e. no URLLC traffic can be scheduled in the first span). If the gNB doesn’t want this to happen, it has to configure the USS so conservatively that dropping does not occur in the first span, which means that the # of CCEs/BDs configured for USS would be very small for URLLC (which applies to every span). This is extremely inefficient, and it is not taking full advantage of the processing power that a UE has dimensioned for. If we allow sub-SSS level dropping, this problem can be overcome.
	 



Summary of third round email discussion
Based on the discussion in the second round email discussion, it was observed that no chance to down select to one of the above options at this meeting. The intention of the proposal is to set the candidate options for further discussion in the next meeting. The discussion we had here is still meaningful, at least we understand each other’s thinking.
Proposal #2: PDCCH candidate dropping in a span, down select one from the following options:
1. Option 1 (i.e. original option 2): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j, i.e. no partial dropping in any search space set 
1. Option 2 (i.e. original option 3): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j. 

Please comment if you think any of the above option is not clear or need any modification. 
	Company
	View

	Feature lead
	It was observed that no chance to down select to one of the above options at this meeting. The intention of the proposal is to set the candidate options for further discussion in the next meeting. The discussion we had here is still meaningful, at least we understand each other’s thinking better and have the set of clear options as the starting point for next meeting. 

	
	



A few further discussion on the above proposal, but we were not able to achieve any consensus. 

Conclusion from the email discussion
Unfortunately we were not able to do any down-selection in the end. Chairman suggest that we take a note of the proposal below, and strongly encourage us to use the proposals to do more analysis with the hope that we can conclude in April. 
Proposal #2: PDCCH candidate dropping in a span, down select one from the following options:
1. Option 1 (i.e. original option 2): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j, i.e. no partial dropping in any search space set 
1. Option 2 (i.e. original option 3): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.

Proposal #3: The same framework for PDCCH candidate dropping in a span in terms of non-overlapped CCEs per slot for channel estimation, is also used for PDCCH candidate dropping in a span in terms of number of monitored PDCCH candidates per slot.

Correction on span definition  
Summary of first round email discussion 
In the current specification, span pattern is defined as below:
	TS 38.213 V16.0.0 (2019-12)
[bookmark: _Toc12021485][bookmark: _Toc20311597][bookmark: _Toc26719422][bookmark: _Toc29894857][bookmark: _Toc29899156][bookmark: _Toc29899574]10	UE procedure for receiving control information
A span pattern is a time configuration within a slot and per slot for PDCCH monitoring on an active DL BWP of a serving cell. A span pattern is defined by a pair of numbers of symbols  with .  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap.



Huawei/HiSilicon [21], Sharp [15] and Vivo [3] discuss some corrections for span definition.
	Contribution R1-2000881, Sharp
According to the above description of the span pattern and (X, Y), it seems that the span pattern in the 38.213 is equivalent to the UE reported combination (X, Y). Agreements as below reached in RAN1#97 has shown that UE feature 3-5b should be taken into considered as a starting point when discussing the PDCCH monitoring span. The span pattern and (X, Y) has been described above in TS 38.213 V16.0.0 [4] against the understanding of the span pattern and (X, Y) upon which the relevant agreements has been reached.  
According to the 3-5b, a span pattern should be deterministic according to the multiple UE reported combinations (X, Y) and CORESET/search space set configuration. It thus should be better to decouple the span pattern from the UE reported combination (X, Y). The description in UE feature 3-5b helps to illustrate the span pattern and the combination (X, Y) and should be captured for describing the span pattern and the (X, Y) in the TS38.213. 
Moreover, the above description related to (X, Y) as like X defines a span and the Y defines a span gap seems to be not align the original intention of the combination (X, Y). The description for pdcch-MonitoringAnyOccasionsWithSpanGap in TS 38.306 can be used to refine the description of the combination (X, Y). 
Proposal 2: Adopt the TP2 to correct the description for span pattern and UE reported combination (X, Y) in section 10 and 10.1 in the TS 38.213. 






An agreement as below reached in RAN1#98 resolved which maximum number of non-overlapped CCEs to be applied when there are multiple valid combinations (X, Y) for the span pattern. Whether the combination is valid or not lies in whether the minimum time separation during the span pattern satisfies the (X, Y). The current TS 38.213 description ‘If the UE indicates a capability to monitor PDCCH according to multiple span patterns and a configuration of search space sets to the UE results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns that is equal to or larger than the value of  for two or more of the multiple span patterns, the UE is expected to monitor PDCCH according to the span pattern associated with the largest maximum number of .’, especially for the yellow part, cannot completely reflect the agreement when the separation between two consecutive spans for a span pattern may be unequal. Therefore, the following TP3 is to clarify the agreement below.     
	Agreements in RAN1#98::
If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied.  
· A combination C(X, Y) is valid if the span pattern satisfies X and Y of the given combination in every slot, including cross slot boundary
FFS the impact from empty span(s) on the span pattern


Proposal 3: Adopt the TP3 to reflect the agreement related to how to determine a valid combination (X, Y).  





Vivo also provides text proposal as below:
	Contribution R1-2000325, Vivo






From feature lead perspective, it seems the text proposal in R1-1000881 can make the specification more clear. Therefore, probably we can take the following proposal as the starting point for email discussion. Note that some small modification is done from feature lead based on the text proposal in R1-1000881. 

Proposal #4: Take the following text proposal to correct the description for span pattern and UE reported combination (X, Y) in section 10 and 10.1 in the TS 38.213:

	
TS 38.213 V16.0.0 (2019-12)
10	UE procedure for receiving control information
< Unchanged parts are omitted >
A span pattern is a time configuration within a slot and repeats per in every slot for PDCCH monitoring on an active DL BWP of a serving cell. A combination span pattern is defined by a pair of numbers of symbols with . Combination  reported by the UE indicates that the UE supports PDCCH monitoring occasions in any symbol of the slot with a minimum time separation of X symbols between the first symbol of two consecutive spans in a span pattern, including the cross-slot boundary case.  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap.A span pattern is determined according to a generated bitmap  with  where  if symbols  of any slot is part of a PDCCH monitoring occasion, otherwise. The first span in the span pattern begins at the smallest  for which . The next span in the span pattern begins at the smallest  not included in the previous span(s) for which . The span duration is max{maximum value of all CORESET durations, minimum value of in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration.
< Unchanged parts are omitted >
10.1 	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
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 of a span patternfor combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span pattern for combination  and per serving cell 

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

	0
	M01
	M02
	M03

	1
	M11
	M12
	M13


< Unchanged parts are omitted >
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 of a span patternfor combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern for combination  and per serving cell 

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

	0
	C01
	C02
	56

	1
	C11
	C12
	56


< Unchanged parts are omitted >



Companies are encouraged to provide your views on the above text proposal. Note that once consensus is achieved, a clean version of the text proposal will be provided.
	Company
	View

	ZTE
	Agree. Share with CATT and LGE, we can just quote the definition.

	DOCOMO
	Agree. We share the same view with Qualcomm.

	vivo
	Agree.

	HW/HiSi
	Agree with the proposal.

	Intel
	Fine with TP. The added “repeats” in first sentence can be removed without any loss.

	Ericsson
	Agree with Qualcomm’s additional changes

	MediaTek
	We are fine with the TP.

	Nokia, NSB
	We are mostly fine with the TP but still would like some clarifications.
· In terms of terminology, what is the intended difference between “span pattern” and “combination”? Is combination used to represent what is reported by UE capability? I understand span pattern is determined based on PDCCH configuration, but in the end, is it also one of the combination (X, Y)? Basically what do we call as a span pattern?
· The 3rd sentence tries to explain what combination (X, Y) means. But it only provides the meaning of X, and somehow the meaning of Y is missing?

	Apple
	We are fine with the proposed TP

	LGE
	Agree. Also, we share the similar view with CATT on removing the redundant description. 

	CATT
	We are fine with the proposed TP. For the first part of the TP, it comes from the span pattern definition included in FG 3-5b. We are wondering maybe it’s better to quote the definition in TS38.822 instead of repeating the description which is already captured in another specification? 

	Samsung
	The latter/second part is not needed. If “combination” is used instead of ‘span pattern”, there is no need to define span pattern. The first part can be OK.

	Sharp
	We are fine with the proposed TP. 
Prefer to add a ‘consecutive’ in the sentence of the proposed TP as ‘a minimum time separation of X symbols between the first symbol of two consecutive spans in a span pattern’.

	Qualcomm
	Agree, but with the following changes:
1)       Repeats per slot -> repeats in every slot
2)       …symbol of two spans in a span pattern “including the cross-slot boundary case”




Proposal #5: Take the following proposal to reflect the agreement related to how to determine a valid combination (X, Y) in section 10.1 in the TS 38.213.
	
TS 38.213 V16.0.0 (2019-12)
10.1	 UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations (X, Y) = span patterns(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 span patterns and a configuration of search space sets to the UE results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns  in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for two or more of the multiple span patterns combinations, the UE is expected to monitor PDCCH according to the combination span pattern associated with the largest maximum number of  and .
< Unchanged parts are omitted >



Companies are encouraged to provide your views on the above text proposal. Note that once consensus is achieved, a clean version of the text proposal will be provided.
	Company
	View

	CATT
	Agree

	Samsung
	Basically OK with either (a) this proposal and the first part of the previous proposal or (b) no change (it is already captured that “A span pattern is defined by a pair of numbers of symbols <image009.png> with <image010.png>.”). 

	Sharp
	Agree.

	Qualcomm
	Agree, but since only C_PDCCH is mentioned at the end of the clause, this approach will work if the same principle in determining the maximum number of BDs per span is also used, i.e., a pattern with a smaller number of spans per slot has a larger number of BDs per span.  

	LGE
	Agree.

	Apple
	Agree.

	ZTE
	Agree

	DOCOMO
	Agee.

	vivo
	Agee.

	HW/HiSi
	Agree in principle. But there might be a small mistake in the third and fourth line. It is  written “.. to the UE results to a minimum time separation of two PDCCH monitoring occasions in two respective consecutive spans that is equal or larger than the value X for two or more of the (X, Y) combination” . In our understanding for a combination (X, Y) the minimum distance between two arbitrary MOs in two spans can be smaller than X. As shown in the example figure below for (7, 3). Instead, the first MO in the respective spans should have a minimum separation of at least X symbols.

[image: cid:image005.jpg@01D5ED75.414D28F0]

The TP could be modified to: “…to the UE results to a minimum time separation of two first PDCCH monitoring occasions in two respective consecutive spans that is equal or larger than the value X for two or more of the (X, Y) combination “.

	Intel
	Fine with TP with the suggested modification from HW/HiSi.

	Ericsson
	Agree with the TP in principle; However, we suggest the following change, since there can be multiple PDCCH monitoring occasions in a span and X is defined as a time separation between two consecutive spans. 

[bookmark: _Hlk29903137]A UE can indicate a capability to monitor PDCCH according to one or more of the span patterns combinations (X,Y) = (2, 2), (4, 3), and (7, 3) per SCS configuration of  and . If the UE indicates a capability to monitor PDCCH according to multiple span patterns (X,Y) combinations and a configuration of search space sets to the UE results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for two or more of the multiple span patterns (X,Y) combinations, the UE is expected to monitor PDCCH according to the span pattern combination (X,Y) associated with the largest maximum number of .


	MediaTek
	We are fine with the TP.

	Nokia, NSB
	We are fine with the TP in principle as long as the issue raised by Huawei and Ericsson is addressed properly. At the same time, the same clarification question as above.



Summary of second round email discussion 
Based on the above inputs, the corresponding TP are updated and the proposal is updated as below:
Revised proposal #4: Take the following text proposal to correct the description for span pattern and UE reported combination (X, Y) in section 10 and 10.1 in the TS 38.213:
	
TS 38.213 V16.0.0 (2019-12)
10	UE procedure for receiving control information
< Unchanged parts are omitted >
A span pattern is a time configuration within a slot and repeats per in every slot for PDCCH monitoring on an active DL BWP of a serving cell. A combination span pattern is defined by a pair of numbers of symbols with . Combination  reported by the UE indicates that the UE supports PDCCH monitoring occasions in any symbol of the slot with a minimum time separation of X symbols between the first symbol of two consecutive spans in a span pattern, including the cross-slot boundary case.  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap. A span pattern is determined according to a generated bitmap  with  where  if symbols  of any slot is part of a PDCCH monitoring occasion, otherwise. The first span in the span pattern begins at the smallest  for which . The next span in the span pattern begins at the smallest  not included in the previous span(s) for which . The span duration is max{maximum value of all CORESET durations, minimum value of in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration.
< Unchanged parts are omitted >
10.1 	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
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 of a span patternfor combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span pattern for combination  and per serving cell 

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

	0
	M01
	M02
	M03

	1
	M11
	M12
	M13


< Unchanged parts are omitted >
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 of a span patternfor combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern for combination  and per serving cell 

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

	0
	C01
	C02
	56

	1
	C11
	C12
	56


< Unchanged parts are omitted >



	Company
	View

	Feature lead
	Based on the inputs, it seems the text proposal is agreeable in principle. The above TP is updated based on comments from Qualcomm also. 
 
I also replied to some comments inline, please check. Regarding the comments on clarification on the terminologies from Sigen, I put my thinking here since probably other companies may be interested also.
1. “Combination” in the TP represents what is reported by UE capability, i.e. (2, 2) or (4, 3) or (7, 3).
1. “Span pattern” is determined based on PDCCH configuration and the reported combination (X, Y). Span pattern in the end you can consider it as  the time domain locations of each span in a slot.  
 
In addition, Aris mentioned the second part of the TP is not needed to him. My guess he meant the part “A span pattern is determined…”. But I am not so sure why it is not needed, I think this part give clear definition how to determine the span pattern in a slot, and UE could tell where to apply the limit on non-overlapping CCEs/BDs. Therefore I still keep it in the TP.

	Intel
	We are fine with the TP

	Qualcomm
	Fine with the TP

	LGE
	Support

	Ericsson
	Support the TP

	DOCOMO
	Support the TP

	HW/HiSi
	Support the TP

	ZTE
	Support

	Samsung
	No need for the second part of the TP describing the span pattern determination (“A span pattern is determined…”). The reason is that it is explanatory, not specification related. 

	Nokia, NSB
	Support




Based on the above comments, the proposal and corresponding TP is updated as below:
Revised proposal #5: Take the following proposal to reflect the agreement related to how to determine a valid combination (X, Y) in section 10.1 in the TS 38.213.
	
TS 38.213 V16.0.0 (2019-12)
10.1	 UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations (X, Y) = span patterns(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 span patterns and a configuration of search space sets to the UE results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns  in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for two or more of the multiple  span patterns combinations, the UE is expected to monitor PDCCH according to the combination span pattern associated with the largest maximum number of  and .
< Unchanged parts are omitted >



	Company
	View

	Feature lead
	Based on the inputs, it seems the text proposal is agreeable. I updated according to the comments from Ericsson. I also provided reply to some comments inline.  

	Intel
	We are fine with the TP

	Qualcomm
	The TP is fine.

	LGE
	Support

	Ericsson
	Support the TP

	DOCOMO
	Support the TP

	HW/HiSi
	Support the TP

	ZTE
	Support

	Samsung
	Agree

	Nokia, NSB
	Support



Base on the above views, revised proposal #5 is stable. The remaining discussion mainly focus on revised proposal #4. 

Summary of third round email discussion 
From the second round email discussion, Samsung still have some concern. Then Samsung and Intel provided some suggestion, we update the TP accordingly as below and it seems stable. 
Further revised proposal #4: Take the following text proposal to correct the description for span pattern and UE reported combination (X, Y) in section 10 and 10.1 in the TS 38.213:
	
TS 38.213 V16.0.0 (2019-12)
10	UE procedure for receiving control information
< Unchanged parts are omitted >
A UE reports one or more combinations of (X, Y) number of symbols, where X  Y, for PDCCH monitoring. A span is a set of consecutive symbols in a slot in which the UE is configured to monitor PDCCH candidates. The UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including the cross-slot boundary case. The duration of a span is max{maximum value of all CORESET durations configured to the UE, minimum value of in the UE reported candidate values} except possibly the last span in a slot which can be of shorter duration. A span pattern is a time configuration within a slot and per slot for PDCCH monitoring on an active DL BWP of a serving cell. A span pattern is defined by a pair of numbers of symbols with .  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap. 
< Unchanged parts are omitted >
10.1 	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
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 of a span patternfor combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span pattern for combination  and per serving cell 

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

	0
	M01
	M02
	M03

	1
	M11
	M12
	M13


< Unchanged parts are omitted >
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 of a span patternfor combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern for combination  and per serving cell 

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

	0
	C01
	C02
	56

	1
	C11
	C12
	56


< Unchanged parts are omitted >



Conclusion from the email discussion 
Based on the email discussion, the following TPs were endorsed:
Revised proposal #5: Take the following proposal to reflect the agreement related to how to determine a valid combination (X, Y) in section 10.1 in the TS 38.213.
	
TS 38.213 V16.0.0 (2019-12)
10.1	 UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations (X, Y) = span patterns(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 span patterns and a configuration of search space sets to the UE results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns  in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for two or more of the multiple  span patterns combinations, the UE is expected to monitor PDCCH according to the combination span pattern associated with the largest maximum number of  and .
< Unchanged parts are omitted >



Further revised proposal #4: Take the following text proposal to correct the description for span pattern and UE reported combination (X, Y) in section 10 and 10.1 in the TS 38.213:
	
TS 38.213 V16.0.0 (2019-12)
10	UE procedure for receiving control information
< Unchanged parts are omitted >
A UE reports one or more combinations of (X, Y) number of symbols, where X  Y, for PDCCH monitoring. A span is a set of consecutive symbols in a slot in which the UE is configured to monitor PDCCH candidates. The UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including the cross-slot boundary case. The duration of a span is max{maximum value of all CORESET durations configured to the UE, minimum value of in the UE reported candidate values} except possibly the last span in a slot which can be of shorter duration. A span pattern is a time configuration within a slot and per slot for PDCCH monitoring on an active DL BWP of a serving cell. A span pattern is defined by a pair of numbers of symbols with .  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap. 
< Unchanged parts are omitted >
10.1 	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
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 of a span patternfor combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span pattern for combination  and per serving cell 

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

	0
	M01
	M02
	M03

	1
	M11
	M12
	M13


< Unchanged parts are omitted >
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 of a span patternfor combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern for combination  and per serving cell 

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

	0
	C01
	C02
	56

	1
	C11
	C12
	56


< Unchanged parts are omitted >





Summary of agreements and endorsed TPs 
The agreements and endorsed TPs from email discussion [100e-NR-L1enh_URLLC_PDCCH-02] on remaining issues on PDCCH candidate overbooking and dropping are summarized as below: 
Agreements:
The same framework for PDCCH candidate dropping in a span in terms of non-overlapped CCEs per slot for channel estimation, is also used for PDCCH candidate dropping in a span in terms of number of monitored PDCCH candidates per slot.

Agreements:
Take the following text proposal to reflect the agreement related to how to determine a valid combination (X, Y) in section 10.1 in the TS 38.213.
	TS 38.213 V16.0.0 (2019-12)
10.1	 UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations  = span patterns(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 span patterns and a configuration of search space sets to the UE results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns  in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for two or more of the multiple  span patterns combinations, the UE is expected to monitor PDCCH according to the combination span pattern associated with the largest maximum number of  and .
< Unchanged parts are omitted >



Agreements:
Take the following text proposal to correct the description for span pattern and UE reported combination (X, Y) in section 10 and 10.1 in the TS 38.213:
	
TS 38.213 V16.0.0 (2019-12)
10	UE procedure for receiving control information
< Unchanged parts are omitted >
A UE reports one or more combinations of (X, Y) number of symbols, where X  Y, for PDCCH monitoring. A span is a set of consecutive symbols in a slot in which the UE is configured to monitor PDCCH candidates. The UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including the cross-slot boundary case. The duration of a span is max{maximum value of all CORESET durations configured to the UE, minimum value of in the UE reported candidate values} except possibly the last span in a slot which can be of shorter duration. A span pattern is a time configuration within a slot and per slot for PDCCH monitoring on an active DL BWP of a serving cell. A span pattern is defined by a pair of numbers of symbols with .  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap. 
< Unchanged parts are omitted >
10.1 	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
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 of a span patternfor combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span pattern for combination  and per serving cell 

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

	0
	M01
	M02
	M03

	1
	M11
	M12
	M13


< Unchanged parts are omitted >
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 of a span patternfor combination (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern for combination  and per serving cell 

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

	0
	C01
	C02
	56

	1
	C11
	C12
	56


< Unchanged parts are omitted >
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10 UE procedure for receiving control information.
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