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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The email discussion is to discuss the remaining issues on enhanced PDCCH monitoring capability.  
[100e-NR-L1enh_URLLC_PDCCH-03] Email discussion/approval on the following remaining issue on enhanced PDCCH monitoring capability: 
· Scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability
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. In addition, section 3 provides the summary of outcome under this email discussion.  
Scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability  
[bookmark: OLE_LINK13]Summary of first round email discussion     
It still remains open how to handle the CA case when the reported capability is less than the actual configured number of CCs. Ericsson, ZTE, Nokia, Samsung, Intel, WILUS and ASUSTeK provide their views. Note that both Samsung and Ericsson mentioned the impact from multi-TRP, however whether and how to support the combination of multi-TRP and URLLC may need some separate discussion. Here let’s focus on single TRP case first. Based on the inputs from companies, the following proposals can be considered as the starting point for the email discussion:


Proposal #1: If a UE is configured with serving cells with Rel-16 PDCCH monitoring capability with a span pattern (X, Y) and SCS configuration µ, the maximum number of non-overlapping CCEs per span a UE monitors for these serving cells are given by 


, where
· 


 is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by . 

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

	Samsung
	Agree

	CATT
	We agree with the spirit of the proposal. We also would like to mention that different CCs with the same SCS may have different span patterns.  Considering the example shown in the following figure, the total number of non-overlapped CCEs calculated for each span will be same where assuming the span patterns across CCs are same. In the following example, the parameter of[image: cid:image005.png@01D5EBF3.37DA4790]is always 5 irrespective of which span it applies or it changes with the actual span patterns across configured CCs?
[image: cid:image006.png@01D5EBF3.37DA4790]

	Nokia, NSB
	Support.
But there is a typo in the last sentence, where[image: cid:image008.png@01D5ECBB.C56FB6D0]   should be [image: cid:image009.png@01D5ECBB.C56FB6D0]  instead. It would also be good to add a condition that this proposal applies to the case when the number of configured CCs is larger than the capability reported by the UE, to avoid any potential misunderstanding.

	DOCOMO
	Support, while we share the same view with Nokia.

	Qualcomm
	As mentioned above, there is a typo that needs to be fixed (the same for Proposal 2.)
Also, what needs to be clarified more is this part“… non-overlapping CCEs per span a UE monitors …” In our view, the output of the equation should be the sum of non-overlapping CCEs over the combination of spans formed by taking one span, any span, from each of the serving cells. The limit should be satisfied for any of such combinations. (Spans are not necessarily aligned across different carriers even if the same (X,Y) is valid for all of them. Hence, the spans will not necessarily look like what illustrated in the figure above by CATT.)

	ZTE
	Support, with correcting the typo mentioned above.

	Apple
	Agree, also with typo corrected

	Sharp
	Support the proposal with correcting the typo mentioned by Nokia.

	Spreadtrum
	We support the proposal with correction of typo and additional condition. The condition can be added such as :

If a UE is configured with [image: cid:image001.png@01D5EBF3.69D402E0]serving cells with Rel-16 PDCCH monitoring capability with a span pattern (X, Y) and SCS configuration µ, where[image: cid:image010.png@01D5ECBB.C56FB6D0] , the maximum number of non-overlapping CCEs per span a UE monitors for these [image: cid:image001.png@01D5EBF3.69D402E0]serving cells are given by …


	OPPO
	Support the proposal with typo corrected

	vivo
	Support the proposal with typo corrected

	Intel
	We support the proposal with the following correction: The summation in the denominator should be over all SCSs.
To the question from CATT, [image: cid:image001.png@01D5ECBB.C56FB6D0]is a function of configured SS sets, and thus, changes with the actual span patterns applicable for the different serving cells.  Thus, for the example from CATT, we have 2 serving cells each with (2,2) and (4,3), and one serving cell with (7.3).

	LGE
	Support with correction of the typo mentioned above. Also need to clarify when this proposal applies.  

	Ericsson
	Agree with the framework in general. Since the current 213 spec uses  and  for the span limits, it is preferred that   and  are replaced by  and  to be consistent. We propose the change below.

Since a UE may report multiple combinations (X,Y), it is also preferred to clarify that   corresponds to the number of serving cells with Rel-16 PDCCH monitoring capability with a span pattern corresponding to the combination (X, Y), i.e., X is the largest among reported value(s) where the minimum gap between two spans is larger than or equal to X symbols and SCS configuration µ
Lastly, as noted by Nokia, there is a typo in the last sentence: “[image: cid:image025.png@01D5ECBB.C56FB6D0] is replaced by [image: cid:image026.png@01D5ECBB.C56FB6D0]” should be “ is replaced by [image: cid:image026.png@01D5ECBB.C56FB6D0].”

	HW/HiSi
	Agree with typo corrected.





Proposal #2: If a UE is configured with serving cells with Rel-16 PDCCH monitoring capability with a span pattern (X, Y) and SCS configuration µ, the maximum number of monitored PDCCH candidates per span a UE monitors for these serving cells are given by 

, where
· 


 is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by . 

[bookmark: OLE_LINK9]Companies are encouraged to provide your views on the above proposal. 
	Company
	View

	Samsung
	Agree

	CATT
	Same comments as above.

	Nokia, NSB
	Support.
Same comment as above.

	DOCOMO
	Same comment as above.

	Qualcomm
	The same response as provided under Proposal #1.

	ZTE
	Same comments as above.

	Apple
	Same comment as above.

	Sharp
	Same comment as above.

	Spreadtrum
	Same comment as above.

	OPPO
	Same comment as above.

	vivo
	Same comment as above.

	Intel
	Same comment as above.

	LGE
	Same comments as above. 

	Ericsson
	Agree in principle. Same comments as above for Proposal #1.

	HW/HiSi
	Agree with typo corrected.



Summary of second round email discussion     
Based on the above comments from the first round email discussion, proposal #1 and proposal #2 are updated with main changes as below. 
0. Corrected the typo according to comments from Nokia;
0.   and  are replaced by  and  to align the denotation in the current spec per the comment from Ericsson;
0. Use a similar language in the spec to define the total number of non-overlapping CCEs per the comment from Qualcomm and CATT; 
0. Clarify combination (X, Y) for a UE supporting multiple combinations per the comment from Ericsson.
0. Added the condition per the comment from Nokia;

The further views from companies are summarized as below: 
Revised proposal #1 (after first round email discussion): If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the serving cells, where

· 
 is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· 
If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

	Company
	View

	Nokia, NSB
	Support

	Qualcomm
	No support. The definition is Ctotal is still not clear. In particular, what do we mean by “non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s)” As pointed out before, the spans may not be fully aligned (unlike the slots of the same numerology); hence, this point needs to be clarified.
We propose to add the following description:
…more than Ctotal non-overlapped CCEs for any combination of spans on the active DL BWP(s) of scheduling cell(s) from the [image: cid:image005.png@01D5EDD7.87FBDF00] downlink cells. Each combination includes one span from each of the [image: cid:image005.png@01D5EDD7.87FBDF00] downlink cells.
CHY> Yes I agree with you all that the spans may not be fully aligned, I think that’s the common understanding. However, when I tried to think about how to write it in the spec, I feel introducing the terminology of “any combination of spans on the active DL…” seems not that good since we have the terminology of “combination (X, Y)” there also. In my understanding, with the description “non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the [image: cid:image013.png@01D5EDD7.87FBDF00]serving cells” in the proposal, “per span” here doesn’t mean that the spans need to be fully aligned, UE should know per span here means the corresponding span on a cell. I would like to hear more views on this. Of course I would be glad if we can find some terminology more clear. I set a question for companies to check on this as above.
Further, considering that Ctotal is the limit across multiple cells, the per-span limit per serving cell should still be respected; hence, similar to the Rel. 15 text, the following text (or some revised version of it) is needed:
For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration [image: cid:image051.png@01D5EDD7.87FBDF00] of the scheduling cell more than [image: cid:image052.png@01D5EDD7.87FBDF00] PDCCH candidates or more than [image: cid:image053.png@01D5EDD7.87FBDF00] non-overlapped CCEs per span, where the PDCCH monitoring occasions are based on the (X,Y) span pattern.
 
CHY> Yes I noticed this also and I do agree with you. My original plan is to include this in the potential TP once we achieve consensus with the proposals here, because it is straightforward. For the email discussion for this phase, let’s focus on the proposals first.

	HW/HiSi
	Support, with the modification given in our answer above and under the assumption that the per span limit per serving cell is respected as discussed between QC and the FL in the comment above. We are fine with leaving the latter part out of the discussion for now but to include it in the potential TP.

	MediaTek
	We don’t support the proposal in its current form.
1. The impact of misalignment between the configured spans is not reflected in the equation. So, even if the UE is configured with the same (X,Y) pattern, misalignment between the configured spans. For example, according to our understand, if the UE supports 2 CCs and reports pdcchMonitoringCA-r16=1 with (7,3,56), it will be  valid to configure the UE with the following configuration according to the following equation. The issue here is that, if the UE configured with one CC, the maximum CCEs per span is 56 and there is a gap of 7 symbols between the two spans. However, when the UE is configured with 2 CCs, the UE could be configured to monitor two back-to-back spans with number of CCEs ~56. Given that the UE meant to split the 1 CC processing capability over 2 CCs, the 2 CCs configuration will require more processing power.
 
[image: cid:image054.png@01D5EDD7.87FBDF00]
 
Accordingly, the equation in it is current for is not acceptable for us.
 
2)      Secondly, even from operation perspective, the equation has issues.
Taking the example provided by HW/HiSi  above, CC1 can’t be configured with the C_max of (2,2). For this example, if C_max(2,2) =16 and C_max(4,3) = 32, this will give C_total (4,3) = 21 and C_total (2,2) = 10. So, even if the gNB configures the UE with small numbers of CCEs on CC2 and CC3, the gNB will not be able to configure CC1 with CCEs >10 (e.g. for AL16).
Thus, there should be hard-split between the CCs configured with different span patterns. For, example the gNB should be allowed to configure CC1 with (2,2) pattern and 16 CCEs, and the other CCs (CC2 and CC3) with (4,3) pattern and total #CCE of 32 per span.
1. We believe there should be fundamental change to the equation. The current equation tries to mimic Rel-15 behavior by focusing on the CCE_max and ignoring (to some level) the required gaps between the spans.

	Ericsson
	Support the Revised Proposal #1. 
We are fine with discussing the clarification of the total limit, etc., when finalizing the TP during next week.



Revised proposal #2 (after first round email discussion): If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates per span on the active DL BWP(s) of scheduling cell(s) from the serving cells, where

· 
 is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· 
If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

Companies are encouraged to check the updated proposal above
	Company
	View

	Nokia, NSB
	Support

	Qualcomm
	Not support for the same reasons mentioned above.

	MediaTek
	Not support for the same reasons mentioned under “Revised proposal #1”.

	Ericsson
	Support the Revised Proposal #2



Based on the above comments on the revised proposals, one key question and the corresponding summary of the views is as below:
Question:  Do we need to change “the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells” to “the UE is not required to monitor more than non-overlapping CCEs for any combination of spans on the active DL BWP(s) of scheduling cell(s) from the downlink cells. Each combination includes one span from each of the  downlink cells” considering the spans may be not fully aligned on different cells? Do you have any better wording considering it may be put in the spec? 
	Company
	View

	Qualcomm
	The definition is is not clear. In particular, what do we mean by “non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s)”. As pointed out before, the spans may not be fully aligned (unlike the slots of the same numerology); hence, this point needs to be clarified.

An example: 
Consider the following figure:
 
[image: cid:image003.png@01D5EDD7.87FBDF00]
 
Let’s assume that the span pattern on both CCs is aligned with (2,2) and both have the same SCS value. Let’s say that Ctotal obtained from the equation is X. Then in the figure above, is it that #CCEs in span 1 of CC1 + Span 1 of CC2 <= X or is it that #CCEs in span 2 of CC1 + span 1 of CC2 <= X or even since all three are overlapping, the sum number of CCEs in all three <= X? This is not clear.
 
What “more than Ctotal non-overlapped CCEs for any combination of spans on the active DL BWP(s) of scheduling cell(s) from the [image: cid:image005.png@01D5EDD7.87FBDF00] downlink cells. Each combination includes one span from each of the [image: cid:image005.png@01D5EDD7.87FBDF00] downlink cells” means is that the following should be met:
§  C_span1 of CC1 + C_span1 of CC2 <=X
§  C_span 2 of CC1 + C_span1 of CC2 <=X
§  C_span1 of CC1 + C_span2 of CC2 <=X
§  C_span 2 of CC1 + C_span2 of CC2 <=X
Hyunho>>
Why do we need the last two even though in each equation, two spans are not overlapped at all?
§  C_span1 of CC1 + C_span2 of CC2 <=X
§  C_span 2 of CC1 + C_span2 of CC2 <=X
Kianoush>>
The reason is mostly for simplification, to avoid defining overlapping groups, and not to make specification any more challenging. 
Chengyan>> 
Non-overlapping spans also need to follow the limitation is to address the back to back span issue raised by MTK. 


Feature lead view>>
The clarification point raised here is valid considering the misalignment of spans on different serving cells even within the group of cells corresponding to the same combination (X, Y). Meanwhile, in order to address the back to back span issue raised by MTK, the most simple way is to limit that “any set of spans with at most one span on each cell” need to be smaller than  . My original intention is also to achieve this. But I think based on the discussion here, the modification from Intel looks more clear.  


	 HW/HiSi
	For the first sentence, we do not think that “per span” should be replaced by “combination”. This would become confusing, because combination is used for different pairs (X, Y). The non-overlapping CCEs are within the same span.
On the second part, we think that a clarification could be helpful, but we do not agree to the proposed wording. If “combination” would be replaced by “set”, then it could become more clear. 
Please see the example below
[image: cid:image019.jpg@01D5EDD7.87FBDF00]
For the combination (4,3), there are 4/3*C_max(4,3) overlapping CCEs together for one nominal span in CC2 and one nominal span in CC3. This should be reflected by the wording in the proposal. We think it could help to replace “combination” by “set”? Then, the second sentence of in the question could be phrased like:
“the UE is not required to monitor more than [image: cid:image020.gif@01D5EDD7.87FBDF00]non-overlapping CCEs for set of  spans on the active DL BWP(s) of scheduling cell(s) from the [image: cid:image021.gif@01D5EDD7.87FBDF00]downlink cells. Each set includes one nominal span from each of the [image: cid:image022.gif@01D5EDD7.87FBDF00] downlink cells” 
What are the views from other companies on the above wording?

Kianoush>>
Regarding the change of the wording (from combination to set) proposed by HW, could you please explain what nominal means? Is this one span that is physically present (due to configuration) or is it something else?

Thorsten>>
With nominal span, I wanted to say that it could also be an empty span.  When we earlier discussed the span allocation in one cell, it was observed that while different MOs can have different periodicities, the span pattern in the cell has to be the same in every slot. I wanted to capture the case that the same C_total is calculated in every slot, also for the case when one slot in one CC only contains empty spans (I wasn’t sure how otherwise the “combination” or “set” could be constructed if one slot was totally empty) . Do you think this would help to address your concern (But please note that we still should respect the “span limit per cell” as you pointed out).
 
[image: cid:image001.jpg@01D5ED7B.F437DE00]  

Feature lead view>>
Thanks Thorsten for helping explaining.

	MediaTek
	1. The impact of misalignment between the configured spans is not reflected in the equation. So, even if the UE is configured with the same (X,Y) pattern, misalignment between the configured spans. For example, according to our understand, if the UE supports 2 CCs and reports pdcchMonitoringCA-r16=1 with (7,3,56), it will be  valid to configure the UE with the following configuration according to the following equation. The issue here is that, if the UE configured with one CC, the maximum CCEs per span is 56 and there is a gap of 7 symbols between the two spans. However, when the UE is configured with 2 CCs, the UE could be configured to monitor two back-to-back spans with number of CCEs ~56. Given that the UE meant to split the 1 CC processing capability over 2 CCs, the 2 CCs configuration will require more processing power.
 
[image: cid:image054.png@01D5EDD7.87FBDF00]
 
Accordingly, the equation in it is current for is not acceptable for us.

Kianoush>>
I understand the issue raised by you; that is the reason for our proposal too. However, if we include the newly added text, the issue you illustrated in the figure will be circumvented. For example, if the limit should be satisfied for any span combination (or set), then we cannot have two b2b spans each with 48 CCEs. 

Feature lead view>>
With the clarification, I think the issue raised here can be addressed. 


2)    2. Even from operation perspective, the equation has issues. Taking the example provided by HW/HiSi above, CC1 can’t be configured with the C_max of (2,2). For this example, if C_max(2,2) =16 and C_max(4,3) = 32, this will give C_total (4,3) = 21 and C_total (2,2) = 10. So, even if the gNB configures the UE with small numbers of CCEs on CC2 and CC3, the gNB will not be able to configure CC1 with CCEs >10 (e.g. for AL16).Thus, there should be hard-split between the CCs configured with different span patterns. For, example the gNB should be allowed to configure CC1 with (2,2) pattern and 16 CCEs, and the other CCs (CC2 and CC3) with (4,3) pattern and total #CCE of 32 per span.

Thorsten>>
I think your intention is the following, could you please confirm if I have understood you correctly?
· Assume that the UE capability is two cells and initially the is UE only configured with two cells. CC1 is (2,2) with C_max = 16 and CC2 is (4,3) with C_max = 32
· In this case, the UE is configured according to its capability and no scaling has to be done. Both cells can be operated with their span based limit. 
· Now, another cell C3 with (4,3) is added. More CCs than the UE has indicated capability are now configured. According to the proposed formula, C_total (2,2) and C_total (4,3) will be calculated:
· C_total (2,2)  = 10 and C_total (3,3) = 21
· This means that C1 will operate with 10 CCEs per span and C2,C3 will share 21 CCEs per set of span (1 span from each cell) 
· Is your intention is that CC1 should still operate with C_max = 16 (instead of the 10 that would come from the formula) , while CC2 and CC3 should reduce the number of CCEs.
 
If I understood the above correctly, then I think your intention is different from what was attempted to be achieved when the formula was brought initially. But I am not sure. It would be nice to hear other companies opinion on that.
 
Fatemeh>>
Regarding the second issue raised by MTK, we believe that the exact same limitation exists across numerologies in the CA framework even in Rel-15, and this is different from the issue of span misalignment (which is going to be addressed by the text addition).

Mohammed>>
Yes, the second issue I raised is not related to span misalignment (I am aware of that, and this why I discussed them separately). The issue I raised doesn’t exist in Rel-15 because the limit in Rel-15 was slot-based. So for the example I gave (which is a UE capable of 3 CCs but can monitor of 2 CCs only), in Rel-15, the gNB can configure the UE with full monitoring capability on CC1 (56 CCEs) and distribute the other 56 CCEs on CC2 and CC3 (e.g. CC2 with 28 CCEs and CC3 with 28 CCEs). This is not possible with Rel-16 monitoring in some cases with the current equation as explained in our example (and further illustrated by Thorsten). Please, have a look at the example and see how the gNB could configure the UE (2,2) with C_max on CC1 once the gNB configured the UE with (4,3) on CC2 and CC3? Please note that this issue occurs regardless of what are the configured CCEs values for CC2 and CC3.

Feature lead view>>
For the second issue raised by MTK, I share similar view as Intel. In Rel-15, for the case of different numerologies, the actual capability (i.e. CCE/BD limit) for numerology #1 may be impacted by the number of carriers of numerology # 2 also.  In addition, if it is really a bad combination has operation problem, gNB should avoid this kind of configuration. 


3. We believe there should be fundamental change to the equation. The current equation tries to mimic Rel-15 behavior by focusing on the CCE_max and ignoring (to some level) the required gaps between the spans.

Feature lead view>> 
The updated proposal with the clarification should be able to solve your concern I think.


	 Intel
	While we acknowledge that such text addition in general is conservative, but currently given a SCS, the slot-level granularity is the only time granularity over which we can normalize the capabilities/processing load, and enable UE’s proper counting.

On the other hand, we propose the following simplification to the suggested text, which achieves the same functionality more efficiently. Especially with the following characterization, there is no need to define nominal spans, or worry about "empty spans", what they mean, etc.:

“the UE is not required to monitor more than [image: cid:image020.gif@01D5ED7B.F437DE00]non-overlapped CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the [image: cid:image050.gif@01D5ED7F.F71C6380]downlink cells, with at most one span per scheduling cell.”


Feature lead view>> 
Good suggestion. I will modify “with at most one span per scheduling cell” to “with at most one span per scheduling cell for each set” to make it more accurate though. 




To help people easier to understand the above issue for clarification, the key points are summarized as below. Note that some additional views are added at the later stage, but for easier tracking I combined here.
Summary of the point to be clarified and the views from companies  
Note: I only took the key views that is necessary for people to understand the issue and the solution here, with some adjustment from myself. 
Question:  Do we need to change “the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells” to “the UE is not required to monitor more than non-overlapping CCEs for any combination of spans on the active DL BWP(s) of scheduling cell(s) from the downlink cells. Each combination includes one span from each of the  downlink cells” considering the spans may be not fully aligned on different cells? Do you have any better wording considering it may be put in the spec? 
	Company
	View

	Qualcomm
	The definition is is not clear. In particular, what do we mean by “non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s)”. As pointed out before, the spans may not be fully aligned (unlike the slots of the same numerology); hence, this point needs to be clarified.

An example: 
Consider the following figure:
 
[image: cid:image047.png@01D5EE7F.74CD5A50]
 
Let’s assume that the span pattern on both CCs is aligned with (2,2) and both have the same SCS value. Let’s say that Ctotal obtained from the equation is X. Then in the figure above, is it that #CCEs in span 1 of CC1 + Span 1 of CC2 <= X or is it that #CCEs in span 2 of CC1 + span 1 of CC2 <= X or even since all three are overlapping, the sum number of CCEs in all three <= X? This is not clear.
 
What “more than Ctotal non-overlapped CCEs for any combination of spans on the active DL BWP(s) of scheduling cell(s) from the [image: cid:image048.png@01D5EE7F.74CD5A50] downlink cells. Each combination includes one span from each of the [image: cid:image048.png@01D5EE7F.74CD5A50] downlink cells” means is that the following should be met:
§  C_span1 of CC1 + C_span1 of CC2 <=X
§  C_span 2 of CC1 + C_span1 of CC2 <=X
§  C_span1 of CC1 + C_span2 of CC2 <=X
§  C_span 2 of CC1 + C_span2 of CC2 <=X
Hyunho>>
Why do we need the last two even though in each equation, two spans are not overlapped at all?
§  C_span1 of CC1 + C_span2 of CC2 <=X
§  C_span 2 of CC1 + C_span2 of CC2 <=X
Kianoush>>
The reason is mostly for simplification, to avoid defining overlapping groups, and not to make specification any more challenging. 
Chengyan>> 
Non-overlapping spans also need to follow the limitation is to address the back to back span issue raised by MTK. 


Feature lead view>>
The clarification point raised here is valid considering the misalignment of spans on different serving cells even within the group of cells corresponding to the same combination (X, Y). Meanwhile, in order to address the back to back span issue raised by MTK, the most simple way is to limit that “any set of spans with at most one span on each cell” need to be smaller than . My original intention is also to achieve this. But I think based on the discussion here, the modification from Intel looks more clear.  


	 HW/HiSi
	For the first sentence, we do not think that “per span” should be replaced by “combination”. This would become confusing, because combination is used for different pairs (X, Y). The non-overlapping CCEs are within the same span.
On the second part, we think that a clarification could be helpful, but we do not agree to the proposed wording. If “combination” would be replaced by “set”, then it could become more clear. 
Please see the example below
[image: cid:image049.jpg@01D5EE7F.74CD5A50]
For the combination (4,3), there are 4/3*C_max(4,3) overlapping CCEs together for one nominal span in CC2 and one nominal span in CC3. This should be reflected by the wording in the proposal. We think it could help to replace “combination” by “set”? Then, the second sentence of in the question could be phrased like:
“the UE is not required to monitor more than [image: cid:image050.gif@01D5EE7F.74CD5A50]non-overlapping CCEs for set of  spans on the active DL BWP(s) of scheduling cell(s) from the [image: cid:image051.gif@01D5EE7F.74CD5A50]downlink cells. Each set includes one nominal span from each of the [image: cid:image052.gif@01D5EE7F.74CD5A50] downlink cells” 
What are the views from other companies on the above wording?

Kianoush>>
Regarding the change of the wording (from combination to set) proposed by HW, could you please explain what nominal means? Is this one span that is physically present (due to configuration) or is it something else?

Thorsten>>
With nominal span, I wanted to say that it could also be an empty span.  When we earlier discussed the span allocation in one cell, it was observed that while different MOs can have different periodicities, the span pattern in the cell has to be the same in every slot. I wanted to capture the case that the same C_total is calculated in every slot, also for the case when one slot in one CC only contains empty spans (I wasn’t sure how otherwise the “combination” or “set” could be constructed if one slot was totally empty) . Do you think this would help to address your concern (But please note that we still should respect the “span limit per cell” as you pointed out).
 
[image: cid:image053.jpg@01D5EE7F.74CD5A50]  
Feature lead view>>
Thanks Thorsten for helping explaining.

	MediaTek
	1. The impact of misalignment between the configured spans is not reflected in the equation. So, even if the UE is configured with the same (X,Y) pattern, misalignment between the configured spans. For example, according to our understand, if the UE supports 2 CCs and reports pdcchMonitoringCA-r16=1 with (7,3,56), it will be  valid to configure the UE with the following configuration according to the following equation. The issue here is that, if the UE configured with one CC, the maximum CCEs per span is 56 and there is a gap of 7 symbols between the two spans. However, when the UE is configured with 2 CCs, the UE could be configured to monitor two back-to-back spans with number of CCEs ~56. Given that the UE meant to split the 1 CC processing capability over 2 CCs, the 2 CCs configuration will require more processing power.
 
[image: cid:image042.png@01D5EE7F.74CD5A50]
 
Accordingly, the equation in it is current for is not acceptable for us.

Kianoush>>
I understand the issue raised by you; that is the reason for our proposal too. However, if we include the newly added text, the issue you illustrated in the figure will be circumvented. For example, if the limit should be satisfied for any span combination (or set), then we cannot have two b2b spans each with 48 CCEs. 

Feature lead view>>
With the clarification, I think the issue raised here can be addressed. 


2)    2. Even from operation perspective, the equation has issues. Taking the example provided by HW/HiSi  above, CC1 can’t be configured with the C_max of (2,2). For this example, if C_max(2,2) =16 and C_max(4,3) = 32, this will give C_total (4,3) = 21 and C_total (2,2) = 10. So, even if the gNB configures the UE with small numbers of CCEs on CC2 and CC3, the gNB will not be able to configure CC1 with CCEs >10 (e.g. for AL16).Thus, there should be hard-split between the CCs configured with different span patterns. For, example the gNB should be allowed to configure CC1 with (2,2) pattern and 16 CCEs, and the other CCs (CC2 and CC3) with (4,3) pattern and total #CCE of 32 per span.

Thorsten>>
I think your intention is the following, could you please confirm if I have understood you correctly?
1. Assume that the UE capability is two cells and initially the is UE only configured with two cells. CC1 is (2,2) with C_max = 16 and CC2 is (4,3) with C_max = 32 
5. In this case, the UE is configured according to its capability and no scaling has to be done. Both cells can be operated with their span based limit. 
1. Now, another cell C3 with (4,3) is added. More CCs than the UE has indicated capability are now configured. According to the proposed formula, C_total (2,2) and C_total (4,3) will be calculated: 
6. C_total (2,2)  = 10 and C_total (3,3) = 21
1. This means that C1 will operate with 10 CCEs per span and C2,C3 will share 21 CCEs per set of span (1 span from each cell) 
1. Is your intention is that CC1 should still operate with C_max = 16 (instead of the 10 that would come from the formula) , while CC2 and CC3 should reduce the number of CCEs.
 
If I understood the above correctly, then I think your intention is different from what was attempted to be achieved when the formula was brought initially. But I am not sure. It would be nice to hear other companies opinion on that.
 
Fatemeh>>
Regarding the second issue raised by MTK, we believe that the exact same limitation exists across numerologies in the CA framework even in Rel-15, and this is different from the issue of span misalignment (which is going to be addressed by the text addition).

Mohammed>>
Yes, the second issue I raised is not related to span misalignment (I am aware of that, and this why I discussed them separately). The issue I raised doesn’t exist in Rel-15 because the limit in Rel-15 was slot-based. So for the example I gave (which is a UE capable of 3 CCs but can monitor of 2 CCs only), in Rel-15, the gNB can configure the UE with full monitoring capability on CC1 (56 CCEs) and distribute the other 56 CCEs on CC2 and CC3 (e.g. CC2 with 28 CCEs and CC3 with 28 CCEs). This is not possible with Rel-16 monitoring in some cases with the current equation as explained in our example (and further illustrated by Thorsten). Please, have a look at the example and see how the gNB could configure the UE (2,2) with C_max on CC1 once the gNB configured the UE with (4,3) on CC2 and CC3? Please note that this issue occurs regardless of what are the configured CCEs values for CC2 and CC3.

Feature lead view>>
For the second issue raised by MTK, I share similar view as Intel. In Rel-15, for the case of different numerologies, the actual capability (i.e. CCE/BD limit) for numerology #1 may be impacted by the number of carriers of numerology # 2 also.  In addition, if it is really a bad combination has operation problem, gNB should avoid this kind of configuration. 


3. We believe there should be fundamental change to the equation. The current equation tries to mimic Rel-15 behavior by focusing on the CCE_max and ignoring (to some level) the required gaps between the spans.

Feature lead view>> 
The updated proposal with the clarification should be able to solve your concern I think.


	 Intel
	While we acknowledge that such text addition in general is conservative, but currently given a SCS, the slot-level granularity is the only time granularity over which we can normalize the capabilities/processing load, and enable UE’s proper counting.

On the other hand, we propose the following simplification to the suggested text, which achieves the same functionality more efficiently. Especially with the following characterization, there is no need to define nominal spans, or worry about "empty spans", what they mean, etc.:

“the UE is not required to monitor more than [image: cid:image050.gif@01D5EE7F.74CD5A50]non-overlapped CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the [image: cid:image054.gif@01D5EE7F.74CD5A50]downlink cells, with at most one span per scheduling cell.”


Feature lead view>> 
Good suggestion. I will modify “with at most one span per scheduling cell” to “with at most one span per scheduling cell for each set” to make it more accurate though. 

	Nokia, NSB
	On the misalignment of spans, it is certainly a valid issue. The current proposal indeed seems a bit over-conservative. But I have to admit I don’t have an alternative proposal on the table.
However, more importantly, now I don’t know how the overbooking/dropping would work any more. Originally everyone (or at least myself) was thinking about per-span dropping (assuming aligned spans), now does it mean we have to do the counting and dropping across all the spans? How does it work?

[update] I checked the comment from Intel and Chengyan, but still could not understand what it means (sorry for being slow here).

I understand the dropping in the end is only done PCell, but how do we do the counting now?
Assume that following the proposal, PCell and another cell following the same (X, Y) have a total of N CCEs.

I can think of two ways to do counting and dropping (if necessary) on PCell:
1. Option 1
0. Check the span with the largest # of CCEs on the SCell. Assume it is N1.
0. Then for each span on PCell, if the span exceeds N-N1, dropping occurs until the # of CCEs <= N-N1.
0. Note that this is not directly applying the dropping mechanism in Rel-15 by replacing slot with span. Now we are doing cross-span checking.
1. Option 2
1. We distribute the total # of CCEs between the two cells (e.g. equal split or some other rules)
1. Then we do dropping on PCell only using the limit for PCell without considering other cells.
1. This would be another hard split between the cells which can be quite inefficient.
Wonder what companies have in mind regarding this.

Feature lead view >>
Similar as Intel, my understanding is option 2. But please note that the limit for PCell here should be , same rule as in Rel-15. 

On the 2nd issue raised by MTK, again it is valid. I also feel this is similar to different numerologies case for CA in Rel-15. The current proposal is more for simplicity rather than for performance. I wonder if MTK has some particular proposal in mind. Do you want UE to somehow report the capability of different combinations of combinations (X, Y)? It seems that this can get easily complicated, but if you have a more concrete proposal to solve the issue, we would be happy to check further.



Based on the above discussions, the potential outcome of the above clarification is summarized as below:
Outcome of the above clarification 
The outcome of the clarification, i.e. what the sentence “the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells, with at most one span per scheduling cell for each set” is to reflect, can be shown by some representative examples as below: 

Example 1: Span duration and starting aligned on different carriers, with some empty span on some carriers.  
[image: cid:image006.png@01D5EBF3.37DA4790]

Example 2: Span duration the same while locations are not aligned, overlapping spans on different carriers   

[image: cid:image001.jpg@01D5ED7B.F437DE00]
Example 3: back to back spans on different carriers    
[image: cid:image054.png@01D5EDD7.87FBDF00]

Example 4: Non-overlapping spans, e.g. “Span #1 of CC1 + Span 2 of CC2”, or “Span #2 of CC1 + Span 2 of CC2”     

[image: cid:image003.png@01D5EDD7.87FBDF00]

If we take the figure in case 4 as example, basic it includes all potential combinations of different spans on different carriers, and all the combinations need to ensure the total number of non-overlapping CCEs is smaller than  .
· C_span1 of CC1 + C_span1 of CC2 <=X
· C_span 2 of CC1 + C_span1 of CC2 <=X
· C_span1 of CC1 + C_span2 of CC2 <=X
· C_span 2 of CC1 + C_span2 of CC2 <=X

In addition, to help people easier to understand the issue, 

Summary of third round email discussion     
Based on the above comments and discussion from the second round email discussion, the proposals are further updated to reflect the clarification clearer.
Revised proposal #1 (after second round email discussion): If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells, with at most one span per scheduling cell for each set, where

· 
 is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· 
If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

	Company
	View

	MediaTek
	We still have concerns with the equation for the following reasons.
 
Misalignment issue:
Yes, the newly added text will solve the span misalignment issue. However, it will force the #CCEs to be equally distributed over the CCs, which is unnecessary restriction. To explain, if the UE supports 2 CCs and reports pdcchMonitoringCA-r16=1 with (7,3,56), once there is span on a CC with CCEs > 56/2, all the spans on the other CC will have to be configured with #CCEs <56/2. For example, the following configuration is not allowed, although from UE complexity, CC1: 24, 32 & CC2: 32, 24 (not allowed configuration) should be the same as CC1: 28, 28 & CC2: 28, 28 (allowed configuration).
 
[image: cid:image022.png@01D5EE7F.74CD5A50]
 
In our understanding, the procedure for any spans combination (or set) across CCs should applied over X symbols rather than slot (in terms of time duration).
 
CHY>>
Yes if we apply the limitation over X symbols (in terms of time duration) rather than slot, it will be more optimized. In my understanding, the equation proposed above can be applied within X symbols to address your concern here. Note that in my understanding, in order to address the back to back span issue you mentioned, X symbol here should be any X symbol within a slot. 
 
The second issue raided in our earlier reply:
We believe this issue will limit the possible configurations for the Rel-16 monitoring capability. If there is existing issues in Rel-15, it is not valid justification for repeating the same “mistake” in Rel-16. Also, given that it is more likely the UE support small number of pdcchMonitoringCA-r16 (compared to a minimum of 4 in Rel-15), the hardware sharing among carriers will be more essential.
@ZTE (Xianghui): Thank you for your response. Yes, hard-splitting between CCs configured with different span combinations could be the way forward, depending on how it specified at the end. In our opinion, one way of formulating the limit would be as follows:
 
[image: cid:image012.png@01D5EFF7.96DAF430]
 
where [image: cid:image013.png@01D5EFF7.96DAF430]is the configured number of CCEs per span in cell j with span pattern (X,Y). This could circumvent the issue we highlighted.
 
CHY>>
I may miss your point here. “the total number of configured number of CCEs per span in cell j” I guess you mean “the total number of non-overlapping CCEs per span in cell j”?  In addition, I share similar concern from Intel below. 
 
In general, we believe the enhanced monitoring PDCCH monitoring is an essential feature for URLLC, and we shouldn’t rush an agreement that could jeopardize the usefulness of the feature. Thus, we urge the companies to consider the issues we raised.

	HW/HiSi
	Support the proposal

	Intel
	1. While we acknowledge again that such characterization is conservative, but the slot-level is currently the only available time granularity to normalize the processing load. Particularly, going with less than a slot granularity, complicates the characterization and requires significant specification addition, e.g., to handle the back to back cases/issues. This is mainly because the span pattern is not guaranteed to be repetitive over a shorter duration than slot (while at the slot-level, we don’t have issues at the slot boundary, etc.). As such, if we consider any time-scale less than one slot, we again have to define rules to address such further complications.
Now in response to MTK’s first comment, we understand that this is indeed a constraint, but at the same time, the ‘not allowed configuration(s)’ may not occur in typical scheduling cases, either. For instance, in CA scheduling (self-carrier or cross-carrier), the URLLC traffic pattern is likely to be more even in time, distributed across cells; but for each cell, the traffic pattern is likely uniform over a slot duration. Accordingly, not being able to switch between the limits across CCs (e.g., CC1: 24, 32 & CC2: 32, 24 (not allowed configuration)), will not impose much negative impact on URLLC performance.
1. Regarding the second issue raised by MTK, and the proposed formulation to define a resource sharing mechanism, 
0. one problem is that the timescale over which each of these spans operate is different for different span patterns. Particularly, it is not clear over what time frame we are sharing the resources, and what it means to share resources without characterizing BD/CCEs limits that each span pattern contributes to. Since[image: cid:image014.png@01D5EFF7.96DAF430] is different for different span patterns, over a given absolute time scale, different number of spans may be taken into account depending on PDCCH configuration. MTK’s proposed characterization to weigh/scale down this contribution by[image: cid:image015.png@01D5EFF7.96DAF430], is not accurately capturing the relations in time domain. 
On the other hand, the overall impact from such characterization of resource sharing may not be significant, since with the current formulation (latest updates from FL), the UE will likely report a larger[image: cid:image016.png@01D5EFF7.96DAF430] compared to the one reported in MTK’s proposed framework.
0. How to incorporate the per SCS resource split/sharing? How should the framework be extended to take the splitting across subcarrier spacing into account?  

	Samsung
	We support the proposed determination of [image: cid:image001.png@01D5EFF7.96DAF430]  in principle but would like to point out one problem with the current formulation that a network will have.
 
As all combinations of spans need to be considered, only equal split of CCEs/BDs across cells with same (X, Y) is possible if full utilization of the UE capability is to be achieved. 
A NW cannot allocate to one cell more BDs/CCEs than to another cell. This is a consequence of the “for any set of spans across“.
I think that restriction should apply only in case there are non-aligned spans – otherwise, it should be removed and the formulation should be as initially proposed.



Revised proposal #2 (after second round email discussion): If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells, with at most one span per scheduling cell for each set, where

· 
 is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· 
If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   


Summary of fourth round email discussion     
Based on the above comments and discussion, the proposals are further updated to reflect the comments:
Case 1: Non-aligned spans on different cells 
Further revised proposal #1(after third round email discussion): If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells within any X consecutive symbols if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· [image: ]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: ]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

The update in Red is to reflect the clarification on non-aligned spans, an example is given below for the rough idea. More details can be found further below from outcome of clarification.
The update in Purple is to reflect the comment from MTK. MTK comment is copied below for your convenience.
The update in Blue is to avoid equal split of CCEs/BDs across cells for aligned span case per the comment from Aris. Proposal for aligned span case is proposal #1a below.
	Company
	View

	Feature lead
	Example for “any set of spans…” in the proposals      
[image: cid:image044.png@01D5EE7F.74CD5A50]
 
“any set of spans…” includes all potential combinations of different spans on different carriers, and all the combinations need to ensure the total number of non-overlapping CCEs is smaller than  [image: cid:image001.png@01D5EFF7.96DAF430].
  C_span1 of CC1 + C_span1 of CC2 <=X
  C_span 2 of CC1 + C_span1 of CC2 <=X
  C_span1 of CC1 + C_span2 of CC2 <=X
  C_span 2 of CC1 + C_span2 of CC2 <=X

Comment from MTK:
Yes, the newly added text will solve the span misalignment issue. However, it will force the #CCEs to be equally distributed over the CCs, which is unnecessary restriction. To explain, if the UE supports 2 CCs and reports pdcchMonitoringCA-r16=1 with (7,3,56), once there is span on a CC with CCEs > 56/2, all the spans on the other CC will have to be configured with #CCEs <56/2. For example, the following configuration is not allowed, although from UE complexity, CC1: 24, 32 & CC2: 32, 24 (not allowed configuration) should be the same as CC1: 28, 28 & CC2: 28, 28 (allowed configuration).
 
[image: cid:image022.png@01D5EE7F.74CD5A50]
 
In our understanding, the procedure for any spans combination (or set) across CCs should applied over X symbols rather than slot (in terms of time duration).
 
CHY>>
Yes if we apply the limitation over X symbols (in terms of time duration) rather than slot, it will be more optimized. In my understanding, the equation proposed above can be applied within X symbols to address your concern here. Note that in my understanding, in order to address the back to back span issue you mentioned, X symbol here should be any X symbol within a slot. 

Comment from Aris on aligned span case:
As all combinations of spans need to be considered, only equal split of CCEs/BDs across cells with same (X, Y) is possible if full utilization of the UE capability is to be achieved. 
A NW cannot allocate to one cell more BDs/CCEs than to another cell. This is a consequence of the “for any set of spans across“.
I think that restriction should apply only in case there are non-aligned spans – otherwise, it should be removed and the formulation should be as initially proposed.

CHY>> Agree





Case 2: Aligned spans on different cells 
Proposal #1a: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are aligned, where

· [image: ]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: ]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.

The update in Blue is to avoid equal split of CCEs/BDs across cells per the comment from Aris above.  
	Company
	View

	
	

	
	



Case 1: Non-aligned spans on different cells 
Further revised proposal #2 (after third round email discussion): If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells within any X consecutive symbols if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· [image: ]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: ]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.  

Reasons as given to proposal #1 above.  
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Case 2: Aligned spans on different cells 
Proposal #2a: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates per span on the active DL BWP(s) of scheduling cell(s) from the serving cells if the spans on different downlink cells from the  downlink cells are aligned, where

· [image: ]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: ]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

Reasons as given to proposal #1a above.  
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	View

	
	

	
	



Based on the above proposals, people had many further more email exchanges on Rel-15 operation, the outcome is as shown in section 2.5 below. 

Summary of fifth round email discussion     
Regarding the addition of “within any X consecutive symbols” for non-aligned spans case as shown in the fourth round email discussion, I did try to think about what the potential impacts with it and identified the cases like a span may cross a boundary of such set of X symbols as Debdeep mentioned. In my understanding, in this case even only part of the span is included within the X symbol, we need to treat it as the whole span included since one monitoring occasion may occupy the whole span also. But for the back-to-back span problem, I was thinking this can be avoided by “any X consecutive symbol” here, I intentionally added “any” to avoid that case actually. One benefit for adding “within any X consecutive symbols” is to remove the restriction for two spans far away. But I do agree with you two that it may cause additional complexity to UE, and since we already set separate proposals for span aligned case, it seems no big benefit to do this optimization for non-aligned spans case. Therefore I removed it from the latest proposal. 
Then further discussion on whether there is any better wording to describe span aligned case and non-aligned spans case, and also further discussion on what Rel-15 dropping behavior is.
Regarding Rel-15 dropping behavior, since it seems people have different understanding about it, I tried to go back check the Rel-15 discussions and found the following conclusion/agreement would be able to help clarify the understanding. From the conclusion and agreement below, we can infer that
· From the reason of change in CR 1814310, we know that for PCell PDCCH overbooking shall be performed based on the minimum between per-SCS limit and non-CA limit. That is no matter whether C_total is larger than C_max or C_total is smaller than C_max, the limit for PCell to do the dropping is minimum between per-SCS limit (i.e. C_total) and non-CA limit.
· From the conclusion from RAN1#94, we can tell that firstly UE will do PDCCH dropping on PCell based on the limit for PCell as above (note in the conclusion it says non-CA limit but it should be replaced by the agreement from RAN1#95) and then get the remaining PDCCH candidates after PDCCH candidates are dropped on the PCell, gNB needs to ensure that the total number of this remaining number on PCell and the configured PDCCH candidates for SCells is no more than the CA limit (i.e. C_total).  That is, the limit for PCell should be met first if overbooking happens, and then the remaining for SCell. 
· Hope the above clarify the understanding, and in my understanding same mechanism in Rel-15 should be applied to Rel-16 PDCCH dropping also. 

----------------------------------------------------------------------------------------------
RAN1#94:
Conclusion:
· At least for self-scheduling and for cross-carrier scheduling with the same numerology for all the DL serving cells, total number of CCEs or BDs corresponding to the remaining PDCCH candidates after PDCCH candidates are dropped based on the non-CA limit for the PCell (PSCell) and the configured PDCCH candidates for SCells is guaranteed by network to be no more than the CA limit.

RAN1#95:
R1-1814310   Draft CR on the number of BD/CCE for CA        NTT DOCOMO, INC.
Decision: The draft CR in R1-1814310 is endorsed (38.213)
Reason for change in R1-1814310:
1. The BD/CCE limit for each scheduling cell is specified, but the BD/CCE limit for each scheduled cell is not specified.
1. For PCell, PDCCH overbooking shall be performed based on the minimum between per-SCS limit and non-CA limit. However, the current pseudo-code of PDCCH overbooking does not capture it.
----------------------------------------------------------------------------------------------

Accordingly, the following proposals were used for further discussion:
Case 1: Non-aligned spans on different cells 
Proposal #1: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

1. [image: cid:image018.png@01D5F0E9.2648A940]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
1. If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image021.png@01D5F0E9.2648A940]. 
1. The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

The update in Red is to reflect the clarification on non-aligned spans, an example is given below for the rough idea. More details can be found further below from outcome of clarification.
The update in Blue is to avoid equal split of CCEs/BDs across cells for aligned span case per the comment from Aris. Proposal for aligned span case is proposal #1a below.
	Company
	View

	Feature lead
	Example for “any set of spans…” in the proposals      
[image: cid:image044.png@01D5EE7F.74CD5A50]
 
“any set of spans…” includes all potential combinations of different spans on different carriers, and all the combinations need to ensure the total number of non-overlapping CCEs is smaller than  [image: cid:image090.png@01D5EFBD.FDB8C5E0].
§  C_span1 of CC1 + C_span1 of CC2 <=X
§  C_span 2 of CC1 + C_span1 of CC2 <=X
§  C_span1 of CC1 + C_span2 of CC2 <=X
§  C_span 2 of CC1 + C_span2 of CC2 <=X

Comment from MTK:
Yes, the newly added text will solve the span misalignment issue. However, it will force the #CCEs to be equally distributed over the CCs, which is unnecessary restriction. To explain, if the UE supports 2 CCs and reports pdcchMonitoringCA-r16=1 with (7,3,56), once there is span on a CC with CCEs > 56/2, all the spans on the other CC will have to be configured with #CCEs <56/2. For example, the following configuration is not allowed, although from UE complexity, CC1: 24, 32 & CC2: 32, 24 (not allowed configuration) should be the same as CC1: 28, 28 & CC2: 28, 28 (allowed configuration).
 
[image: cid:image022.png@01D5EE7F.74CD5A50]
 
In our understanding, the procedure for any spans combination (or set) across CCs should applied over X symbols rather than slot (in terms of time duration).
 
CHY>>
Yes if we apply the limitation over X symbols (in terms of time duration) rather than slot, it will be more optimized. In my understanding, the equation proposed above can be applied within X symbols to address your concern here. Note that in my understanding, in order to address the back to back span issue you mentioned, X symbol here should be any X symbol within a slot. I tried to add the condition “within any X consecutive symbols” in the proposal accordingly, but based on the discussion it seems not worthwhile to do it for only non-aligned spans case. 

Comment from Aris on aligned span case:
As all combinations of spans need to be considered, only equal split of CCEs/BDs across cells with same (X, Y) is possible if full utilization of the UE capability is to be achieved. 
A NW cannot allocate to one cell more BDs/CCEs than to another cell. This is a consequence of the “for any set of spans across“.
I think that restriction should apply only in case there are non-aligned spans – otherwise, it should be removed and the formulation should be as initially proposed.

CHY>> Agree


	
	



Case 2: Aligned spans on different cells 
Proposal #1a: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are aligned, where

1. [image: cid:image027.png@01D5F0E9.2648A940]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
1. If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image028.png@01D5F0E9.2648A940]. 
1. The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.

The update in Blue is to avoid equal split of CCEs/BDs across cells per the comment from Aris above.  
	Company
	View

	
	

	
	




Case 1: Non-aligned spans on different cells 
Proposal #2: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

1. [image: cid:image033.png@01D5F0E9.2648A940]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
1. If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image034.png@01D5F0E9.2648A940]. 
1. The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.  

Reasons as given to proposal #1 above.  
	Company
	View

	
	

	
	



Case 2: Aligned spans on different cells 
Proposal #2a: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates per span on the active DL BWP(s) of scheduling cell(s) from the serving cells if the spans on different downlink cells from the  downlink cells are aligned, where

1. [image: cid:image035.png@01D5F0E9.2648A940]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
1. If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image036.png@01D5F0E9.2648A940]. 
1. The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

Reasons as given to proposal #1a above.  
	Company
	View

	
	

	
	



Based on the above proposal, companies started to discuss what we could achieve for this meeting, and some potential way forward is observed, which set the direction for the sixth round email discussion as below.

Summary of sixth round email discussion     
After many emails exchanges again, the rough status is summarized as below:
1. Proposal #1a and proposal # 2a are for span aligned case, it seems people all agree with it in principle. But some want to leave some room at this stage and thus feel probably we could make a working assumption for proposal #1a and proposal #2a. I agree with this approach. Hopefully all are ok with it.   
1. Proposal #1 and proposal # 2 are for non-aligned span case, the main idea is clear to all I think or I hope. But some may have concern on the restriction it will bring. So the remaining question is whether/how to do further optimization for non-aligned spans case. Kianoush and Debdeep raised the question if we can also make these two proposals as working assumption. Ericsson, DCM, Samsung and MTK prefer to keep it open at this stage. Personally I do understand Kianoush and Debdeep considering all the effort here. But I doubt we will be able to go that far based on all the views here so far. Probably one thing we can do at this stage is to continue the discussion if we still have time.   

Recommendation #1: Take the following (i.e. proposal #1a and proposal #2a) as working assumption:     
Proposal #1a: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are aligned, where

1. [image: cid:image023.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
1. If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image024.png@01D5F088.C5CC80B0]. 
1. The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.

Proposal #2a: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates per span on the active DL BWP(s) of scheduling cell(s) from the serving cells if the spans on different downlink cells from the  downlink cells are aligned, where

1. [image: cid:image033.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
1. If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image034.png@01D5F088.C5CC80B0]. 
1. The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   
 
Please comment if the above recommendation is NOT acceptable. Please provide your reason also.   
	Company
	View

	
	

	
	





Question #1: Do you have any additional comment on the following proposal #1 and proposal #2?      
Proposal #1: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

1. [image: cid:image014.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
1. If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image017.png@01D5F088.C5CC80B0]. 
1. The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

Please comment if you have concern or additional comment on the above proposal.
	Company
	View

	Feature lead
	Qualcomm and Intel suggested to take as working assumption also. Ericsson, DCM, Samsung and MTK prefer to keep it open at this stage. 
Some have concern on the restriction for PDCCH scheduling, and think it is very difficult to check for all combinations of “any set of spans…”, especially if there are large number of CCs.  
The remaining question is whether/how to do further optimization for non-aligned spans case. 

	
	



Proposal #2: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

1. [image: cid:image029.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
1. If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image030.png@01D5F088.C5CC80B0]. 
1. The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.  

Please comment if you have concern or additional comment on the above proposal.
	Company
	View

	Feature lead
	Qualcomm and Intel suggested to take as working assumption also. Ericsson, DCM, Samsung and MTK prefer to keep it open at this stage. 
Some have concern on the restriction for PDCCH scheduling, and think it is very difficult to check for all combinations of “any set of spans…”, especially if there are large number of CCs.  
The remaining question is whether/how to do further optimization for non-aligned spans case. 

	
	



Question #2: Do you have any better wording to define aligned spans case and non-aligned spans case ?   
	Company
	View

	Feature lead
	I think the idea of aligned spans and non-aligned spans are clear based on the previous discussions. The remaining question is whether there is any better wording to define it to avoid ambiguity.
Example 1: Aligned spans case (Note later people have question whether it belongs to aligned or non-aligned)
[image: cid:image006.png@01D5EBF3.37DA4790] 

Example 2: Non-aligned spans case
[image: cid:image105.png@01D5EFBD.FDB8C5E0]

Example 3: Non-aligned spans case
[image: cid:image044.png@01D5EE7F.74CD5A50]

Example 4: Non-aligned spans case
[image: cid:image040.jpg@01D5EE7F.74CD5A50]

	
	



Then further email discussion on whether example 1 should belong to aligned or non-aligned cases, no consensus achieved. Then for safe, Intel suggested some modification to the above proposals, which set the direction for the 7th round email discussion. People also discuss more on whether we can also take proposal #1 and proposal #2 as working assumption, but no consensus achieved.  

Summary of seventh round email discussion     
After many emails exchanges again, the rough status is summarized as below:
· As to the definition of aligned spans and non-aligned spans, it seems we still need more time on two things: 1) Achieve consensus on the exact cases that can be considered as aligned spans and non-aligned spans; 2) Come up with a better wording to describe aligned spans and non-aligned spans clearly.    
· Proposal #1a and proposal # 2a are for span aligned case: Further suggestion from Aris on deleting “a span pattern with” and suggestion from Debdeep on changing “different” to “all”  seems reasonable to me at this stage. It seems agreeable to take it as working assumption. Kianoush wants to make it as agreement instead. Based on the situation, I would suggest working assumption though I understand Kianoush, considering we may need more time to achieve consensus on the accurate definition of aligned spans and non-aligned spans.    
· Proposal #1 and proposal # 2 are for non-aligned span case, the main idea is clear to all I think or I hope. But some may have concern on the restriction it will bring. So the remaining question is whether/how to do further optimization for non-aligned spans case. Kianoush, Debdeep and Apple raised the question if we can also make these two proposals as working assumption. Ericsson, DCM, Samsung, MTK and Nokia prefer to keep it open at this stage. Based on the current situation, I would suggest to keep it open at this stage and we can continue the discussion if we still have time.   

Recommendation #1: Take the following (i.e. proposal #1a and proposal #2a) as working assumption:     
Proposal #1a: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on all downlink cells from the  downlink cells are aligned, where

· [image: cid:image023.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image024.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.

Proposal #2a: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates per span on the active DL BWP(s) of scheduling cell(s) from the serving cells if the spans on all downlink cells from the  downlink cells are aligned, where

· [image: cid:image033.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image034.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   
 
Please comment if the above recommendation is NOT acceptable. Please provide your reason also.   
	Company
	View

	
	

	
	



Question #1: Do you have any additional comment on the following proposal #1 and proposal #2?      
Proposal #1: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· [image: cid:image014.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image017.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

Please comment if you have concern or additional comment on the above proposal.
	Company
	View

	Feature lead
	Qualcomm, Intel and Apple suggested to take as working assumption also. Ericsson, DCM, Samsung, Nokia and MTK prefer to keep it open at this stage. 
Some have concern on the restriction for PDCCH scheduling, and think it is very difficult to check for all combinations of “any set of spans…”, especially if there are large number of CCs.  
The remaining question is whether/how to do further optimization for non-aligned spans case. 

	
	



Proposal #2: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· [image: cid:image029.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image030.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.  

Please comment if you have concern or additional comment on the above proposal.
	Company
	View

	Feature lead
	Qualcomm, Intel and Apple suggested to take as working assumption also. Ericsson, DCM, Samsung, Nokia and MTK prefer to keep it open at this stage. 
Some have concern on the restriction for PDCCH scheduling, and think it is very difficult to check for all combinations of “any set of spans…”, especially if there are large number of CCs.  
The remaining question is whether/how to do further optimization for non-aligned spans case.

	
	



Question #2: Do you have any better wording to define aligned spans case and non-aligned spans case?  
	Company
	View

	Feature lead
	Question 1: Do you consider the example below as aligned spans or non-aligned spans? 
Example 1: Aligned spans case
[image: cid:image006.png@01D5EBF3.37DA4790] 

Question 2: Is there any better wording to define the aligned spans and non-aligned spans to avoid ambiguity?

Example 1: Aligned spans case? 
[image: cid:image006.png@01D5EBF3.37DA4790] 

Example 2: Non-aligned spans case
[image: cid:image105.png@01D5EFBD.FDB8C5E0]

Example 3: Non-aligned spans case
[image: cid:image044.png@01D5EE7F.74CD5A50]

Example 4: Non-aligned spans case
[image: cid:image040.jpg@01D5EE7F.74CD5A50]



Finally, proposal #1a and proposal #2a above are agreed as working assumption.  

Conclusion from the email discussion     
Based on the email discussion, the outcome is as below:

Working assumption:    
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on all downlink cells from the  downlink cells are aligned, where

· [image: cid:image023.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image024.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.

[bookmark: _GoBack]If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates per span on the active DL BWP(s) of scheduling cell(s) from the serving cells if the spans on all downlink cells from the  downlink cells are aligned, where

· [image: cid:image033.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image034.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   
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