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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The email discussion is to discuss the remaining issues on scaling PDCCH monitoring capability.  
[100b-e-NR-L1enh-URLLC-PDCCH enhancements-02] Email discussion/approval on remaining issues on scaling PDCCH monitoring capability: 
· Definition of “aligned spans” and “non-aligned spans” 
· Scale the monitoring capability for “non-aligned spans” case 
by 4/24; if there is a spec impact, endorsing the corresponding TP by 4/29
This document summarizes the details of the discussions on the above issues in section 2 to section 4. In addition, section 5 provides the summary of outcome under this email discussion.     
Enhanced PDCCH monitoring capability 
This section summarize the issues on scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability. 
Scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability    
[bookmark: OLE_LINK3]Issue C-1: How to define “aligned spans” and “non-aligned spans”?   
Some companies provide views on how to define “aligned spans” and “non-aligned spans”. The proposals on how to define “aligned spans” and company positions are summarized as below. Note that for all the options, it is assumed that cases not satisfying the condition for “aligned spans” can be considered as “non-aligned spans”. Note that the description in some contributions might not be exactly the same as the options listed here, I put the company position according to my understanding. If it is not correct, please correct it when you reply also.   
 
Option 1: a set of DL cells satisfying a common combination (X, Y) is said to have “aligned spans” if and only if the PDCCH monitoring spans are aligned in time across all the cells. Here, “aligned in time” can be defined such that all cells satisfy the following:
· total number of spans are the same across the DL cells, and
· [bookmark: OLE_LINK16]the k-th span in a DL cell #i overlaps with the k-th span in any other cell #j from the set of  DL cells such that the cardinality of the union of the sets of symbols corresponding to the k-th span across all the  DL cells is no larger than Y.
· Support: Intel, [MTK], [CATT]
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Example: Non-aligned span case



[bookmark: OLE_LINK31]Option 2: If for a span that starts from or ends at a symbol on a downlink cell from thedownlink cells, spans on all other downlink cells from the   downlink cells with overlapping symbols with the span start from or end at the symbol
· Support: ZTE, [Spreadtrum]
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Example #1 for aligned spans case
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Example #2: or aligned spans case
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Figure 3 Example #3 for aligned spans case
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Figure 4 Example #4 for aligned spans case

Option 3: Spans on cells from the  downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to combination 
a) are within a same set of up to  consecutive symbols, or 
b) have first symbols separated by at least  symbols
· Support: Samsung



Option 4: If for any span of a first CC, the starting symbol of the span is the same as (aligned with) the starting symbol of a span of a second CC, when the span of the first CC and the span of the second CC are overlapping
· Support: Motorola/Lenovo, 


Based on the above options, it seems different companies may have different definitions. Before going to discuss the definition directly, it seems good for us to check the views on a set of representative cases then it would be easier for us to agree on the definition of aligned spans and non-aligned spans if necessary. A set of questions are set below accordingly: 

Question 1-1: Whether the “back-to-back” spans on different serving cells is an issue considering similar cases exits in Rel-15 already?
Vivo (R1-2001669) raised a question whether the back-to-back spans on different serving cells is an issue for Rel-16 PDCCH monitoring capability. 
	Vivo R1-2001669 


Figure 2 Rel-15 CA with 2 Cells, 30kHz SCS
According to Rel-15 UE feature 3-1, which is a mandatory capability without capability signaling, CSS with some types can be located in any symbols within a slot, as shown in Figure2[3]. CSS1 of Cell 1 can be configured at the end of a slot, which is configured with 48 non-overlapping CCEs. USS 2 of Cell 2 for PDCCH scheduling unicast PDSCH is configured with 48 non-overlapping CCEs located at the beginning of an adjacent slot. In this case, “back-to-back” monitoring occasions can occur. 
It can be seen that the limit of non-overlapping CCEs for each slot is met in case of “back-to-back” monitoring occasion configuration, which has been supported in Rel-15. There is no extra limitation for the “back-to-back” monitoring occasions in Rel-15. The case described in Figure 1 is equivalent to the case depicted in Figure 2, except monitoring capability limit per span. Therefore, “back-to-back” monitoring occasion configuration across spans should be supported in Rel-16.



Whether several cases can be considered as span-aligned case would depend on the answer of the above question 1-1 and also have impact on the solutions under issue C-2, so I think it can be the first question for us to discuss. Companies are encouraged to provide your views. 
	Company
	View

	Samsung
	Although some setups can be considered as supported due to a generic mandate of a feature in Rel-15, that does not mean they are actually supported in IoDT.
Also, as Rel-16 span-based PDCCH monitoring requirements require enhanced UE capability for an equivalent of per-slot PDCCH monitoring requirement, it would be incorrect to take a Rel-15 setup and argue that it also applies for span-based PDCCH monitoring. There may be even worse cases (than the “back-to-back” one) that Rel-15 may be viewed as allowing but that may not be the case in reality and would not be possible in Rel-16. We don’t think an exhaustive identification of such cases is needed or should have any consequence to span-based PDCCH monitoring in Rel-16. The supported combinations (X, Y) is an important metric and that is why we are also having the discussion for what the corresponding requirements for PDCCH candidates and non-overlapping CCEs should be.
So, a “back-to-back” scenario as considered in Question 1 should not be considered as corresponding to aligned spans – the partitioning of PDCCH monitoring will need to consider the set of spans over the slot.

	Quectel
	Although a Rel-15 setup should not prohibit introduction of enhancements for Rel-16, Rel-15 at least provides a baseline for further development, given the assumption that UEs supporting Rel-16 PDCCH monitoring are expected to have no lower capability than Rel-15 UEs.  The sufficient processing time is ensured by  Combination (X, Y) across the cells.
Therefore, “back-to-back” spans on different serving cells should not be an issue.

	CATT
	As mentioned by FL, similar cases exists in Rel-15 already, actually even more aggressive. For example, all the PDCCH candidates are monitored within the same span across all the carriers and the spans belongs two slots can be consecutive. Even for the carriers with Rel-16 capability with combination (2,2), similar scenario as back-to-back spans are supported and be regarded as workable case. We failed to see the issue of back-to-back spans. We are open to hear more views if we miss anything.

	Ericsson
	We believe the “back-to-back” cases should not be an issue due to the following reasons:
1) It already existed in Rel-15. 
2) It should not lead to higher PDCCH monitoring load since the per-CC span limit is expected to be smaller or at most equal (for (X,Y)=(7,3)) compared to the slot limit value.
In Rel-15, PDCCH monitoring capability is defined per slot. On the other hand, Rel-16 PDCCH monitoring capability is defined per span where the per-CC limit for each (X,Y), under discussion, is expected to be smaller or at most equal to the slot limit value. 
We would like to emphasize that the span gap requirement associated with (X,Y) is only applied per CC. The span patterns across different CCs can be different depending on the search space and CORESET configurations. Since UE can report separate (X,Y), certain span pattern can be valid for different (X,Y), e.g., the span patterns across 2 CCs in Figure 1 below are valid for UE reporting any of (2,2),(4,3), or (7,3). 
[image: cid:image006.jpg@01D61849.6BD88700]
Figure 1: example of back-to-back” monitoring

If the UE reports (2,2) for Figure 1, UE’s PDCCH monitoring load for the “back-to-back” monitoring occasions should not be any worse compared to the fully aligned case as shown in Figure 2 where the same UE can monitoring back-to-back spans across 2 CCs in every 2 symbols. In fact, the per-CC span limit for (2,2) is (expected to be) smaller than the slot-limit. If the “back-to-back” monitoring is not allowed, it would severely limit search space configuration and thus significantly degrade the performance.
[image: cid:image007.jpg@01D61849.6BD88700]
Figure 2: fully aligned spans

If UE reports (7,3) for Figure 1, we believe UE’s PDCCH monitoring load for the “back-to-back” monitoring should not be any different compared to the Rel-15. This is because with (7,3), the occasions where “back-to-back” monitoring occur would be limited due to the span gap requirement for each CC. The worst case in term of “back-to-back” spans is when all spans are aligned as in Figure 3 which corresponds to the aligned case and is not an issue (see WA made for aligned span). If there are multiple CCs with potentially multiple occasions of “back-to-back” monitoring, the monitoring load across CCs under the CA limit will be spread in time and we believe that the effective load within a slot should remain about the same.
[image: cid:image008.jpg@01D61849.6BD88700]
Figure 3: The worst-case in terms “back-to-back” monitoring corresponds to the fully aligned spans

	vivo
	PDCCH monitoring with back-to-back configuration is already supported in Rel.15. We don’t see there is any issue for back-to-back spans on different cells.
 

	OPPO
	Similar opinion as CATT

	Sharp
	Back-to-back case should be not an issue given it already exists in Rel-15 as a mandatory feature group.

	HW/HiSi
	Similar opinion as OppoJ

	MediaTek
	· First of all, it seems some companies argue in a way suggests that the proposal is to not allow back-to-back. There is no proposal to prohibit the back-to-back scenario. As a matter of fact, the back-to-back example is brought up as part of the discussion on the difference between aligned and non-aligned spans across carriers. Thus, this case shouldn’t be discussed by itself, and we should focus on the difference between aligned and non-aligned (i.e. the “back-to-back” scenario is handled in the same manner as the rest of the non-aligned patterns).
Feature lead> The intention is to identify whether this case is aligned or not-aligned. If it is an issue, then it should go to non-aligned case, if it is not an issue, then it should go to the aligned case. In addition, it is also related to the solution for issue C-2, as you can see even for some proposal (e.g. option 3) without differentiating aligned spans and non-aligned spans, whether the solution can work or not also depends on the outcome of this question. That’s why I put it as a separate question here.   

· Secondly, the discussion for non-aligned patterns (including the “back-to-back” case) is applicable when the UE need to do scaling of the PDCCH monitoring (hardware sharing) due to the configuration with CCs more than the UE monitoring capability. So, if the UE is configured with CCs equal or less than the reported capability (no hardware sharing needed), there is no issue with the non-aligned spans pattern.

· Thirdly, we disagree with the assumption that the back-to-back scenario in Rel-15 and Rel-16 are similar for the following reasons:
· The support of “back-to-back” scenario (without the proposed check/limit on the #CCE/BDs) is only valid for Rel-15 per slot #CCEs/BDs limits. So, we shouldn’t take the pattern of the MOs from Rel-15 and ignore the #CCEs/BDs limits. The limit of the #CCEs/BDs is at least doubled in Rel-16. Thus, the UE shouldn’t be expected to double the processing capability and support the mentioned “back-to-back” scenario.  
· In addition, we should care about the whole processing pipeline (control and data). There are many limitations the UE can adopt in Rel-15 to overcome the required extra processing for PDCCH in the “back-to-back” scenario. For example, supporting one PDSCH/PUSCH per slot, processing cpabibility#1, #PUCCHs per slot, etc. These assumptions are not useful for the targeted URLLC use-cases. In other words, do we want to have a UE supporting Rel-16 PDCCH monitoring capability with only the basic features from Rel-15? What is the benefit of having such UE!

For the companies that say “back-to-back case is not an issue”, do you mean aligned and non-aligned scenarios in Rel-16 PDCCH monitoring (with hardware sharing as we explained above) will have the same implementation complexity? 

In summary, there is no need to discuss the back-to-back question by itself and we should focus on the differentiation between aligned and non-aligned spans patters.

	Nokia, NSB
	As commented by several companies already, the back-to-back issue is there in Rel-15 already. And therefore, we think no need to discuss this here.

	ZTE
	Back-to-back spans is not an issue considering similar cases exits in Rel-15 already. As pointed by Ericsson,
the worst case for “back-to-back” span monitoring in Figure 1 is the case when all spans are aligned in Figure 3. In addition, back-to-back” span monitoring in Figure 1 is just a sub-set of the fully aligned case in Figure 2 if we consider some of the spans in Figure 1 are empty spans. 

	Apple
	As mentioned by many companies, the back-to-back issue should not be discussed in isolation. We do support Mediatek’s position that the back-to-back issue should be taken into consideration due to the increase in the processing requirements to the UE for Rel-16 PDCCH monitoring.

	LGE
	We also think that the back-to-back case should not be an issue as this case already has been in reality since Rel-15. 

	Intel
	First of all, it is not the presence of “back-to-back” spans across carriers, but it is about the processing load on the respective spans, including both PDCCH processing as well as associated shared channel processing. In this regard, there are several differences between the scenario cited from Rel-15 and those that could arise with Rel-16 span-based monitoring, as also highlighted by MTK. 
The important consideration is that it is not only about PDCCH reception but also about what the UE has to perform after decoding a DCI format. Both of these are reasons why we adopted the path of span-based monitoring with guaranteed minimum gaps between consecutive spans. 

Now, on R15 cases, only FG #3-5 allows such “full-flexibility” as an optional feature. However, this does not imply that all UEs can support this feature in practice. Plus, to repeat the comment from MTK, there can be simplifications to other features that may allow for such advanced PDCCH monitoring support for a R15 UE, but such simplifications may have more significant adverse impact on URLLC performance.  

There is one other case cited from Rel-15 mandatory capability (FG 3-1), that may also result in “back-to-back” assignment across serving cells:
- For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot

- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within a slot

As can be seen from the above, the above highlighted component allows for PDCCH MO in any single span within the slot, but this is specifically limited to PDCCH scheduling common control information, and not unicast. The reference to the CSS types 0/0A/1 (w/o dedicated RRC configuration)/2 is there to ensure that the UE does not have to handle unicast scheduling for this purpose. Further, in our understanding, this classification is done this way (as against just saying CSS) to exclude those PDCCH that may schedule PDSCH requiring HARQ-ACK feedback. For unicast scheduling, the UE’s processing demands are subject to tight timelines and this significantly impacts PDCCH processing in itself as well due to different levels of sharing of hardware resources for processing of various DL channels/signals. 

Thus, we cannot agree to a blanket statement that there is no issue with “back-to-back” spans. Certainly, some cases may still be feasible without increasing UE complexity significantly, but not always. As a specific example, there would be issues with the following figure from the tdoc from Vivo, but a configuration with “back-to-back” spans with the #s of non-overlapped CCEs switched between the first and second spans for Cell 2 can be accommodated for a UE supporting the current Working assumption for aligned spans.
[image: cid:image001.png@01D619C1.3E7B2A50]
In this regard, we agree with Samsung and MTK that in this regard, one of the important issue is whether the they are to be considered as aligned or unaligned, and in our interpretation, this example would fall under “non-aligned” case. 

	Qualcomm
	Agree with the points raised by Intel above. In our view too, the cases with aligned and non-aligned cases would require different considerations, depending on the final solutions, in terms of UE implementation. 



Summary of the status for question 1-1
Base on the views from companies, company positions are summarized as below:
· Yes: 
· Support: Samsung, MediaTek, Apple, Intel, Qualcomm 
· Reasons from proponents
· Although some setups can be considered as supported due to a generic mandate of a feature in Rel-15, but that does not mean they are actually supported in IoDT. 
· Back-to-back scenario in Rel-15 and Rel-16 are not equivalent. More complicated for Rel-16 PDCCH monitoring capability at least from CCE/BD limit perspective.
· More room for Rel-15 to handle this back-to-back scenario from processing pipeline perspective, e.g. processing capability #1 and # PUCCHs per slot, but for Rel-16 URLLC not much room to handle this case.  
· Allowing back-to-back scenario for CSS doesn’t mean being able to allow back-to-back scenario for USS. For unicast scheduling, the UE’s processing demands are subject to tight timelines, which significantly impacts PDCCH processing due to different levels of sharing of hardware resources for processing of various DL channels/signals  

· Not an issue: 
· Support: Quectel, CATT, Vivo, OPPO, Sharp, Huawei/HiSilicon, Nokia, ZTE, LG,
· Reasons from proponents 
· Similar case already exists in Rel-15
· Should not lead to higher PDCCH monitoring load since the per-CC span limit is expected to be smaller or at most equal to the slot limit    

Feature lead: The reasons given by companies on justifying the difference of back-to-back scenario in Rel-15 and Rel-16 look valid to me. I would recommend companies to check the reasons given again. If we agree it is an issue, then back-to-back spans on different serving cells with each span configured with CCEs/BDs up to the limit and separation of the first symbol smaller than X is not allowed if the number of CCs configured is larger than the reported capability. Accordingly, we can try to make the following conclusion: 
Potential conclusion #1: 
Back-to-back spans on different serving cells with the separation of the first symbol between the two spans smaller than X should belong to non-aligned case.  

Please provide your views on the above conclusion. 
	Company
	View

	
	

	
	




Question 1-2: Do you consider case 1 shown in figure 2.1-1 below an aligned span case or non-aligned span case? Please provide your reasons also.
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Figure 2.1-1 Case 1
	Company
	View

	Samsung
	Aligned.
There is no reason for absence of PDCCH monitoring on some cells to be a “bad thing” for PDCCH monitoring on other cells.

	Quectel
	Aligned, no need to consider the absence of spans due to search space set configuration.

	CATT
	Unaligned.
We assume only (2,2) is reported for all the five CCs in the above figure. If it is regarded as aligned spans, then the total number of non-overlapping CCEs will be same in each span, e.g. Ctotal.
How should we distribute the Ctotal to five configured CCs? It results in the situation that span#2 can be assigned more non-overlapping CCEs than span#1 as denominator(the number of CCs on which SS is configured) is smaller for span#2.
It seems against the previous agreements shown below:
· 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
Feature lead: We don’t need to distribute Ctotal to the CCs, Ctotal will still be used for PDCCH overbooking and dropping for all the applicable spans on the PCell as clarified during the email discussion in RAN1#100-e.   

	Ericsson
	We acknowledged the intention to include the discussion of aligned span definition. However, in our view it is not necessary in the end to define the aligned/non-aligned spans in the specification. We would like to encourage that the discussion rather focuses on finding a unified solution.
For example, the focus can be on defining sets of spans for which the limit and  are applied. 
In this regards, we propose to consider the set of spans which are present in the same DL-sub-slot 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.
· The DL-sub-slot pattern for  of the  downlink cells using combination and SCS configuration  is determined as follows. First a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of a slot is the starting symbol of a monitoring span of the relevant DL cells/component carriers, b(l)=0 otherwise. The first DL-sub-slot in the DL-sub-slot pattern begins at the smallest l for which b(l)=1. The next DL-sub-slot in the DL-sub-slot pattern begins at the smallest l not included in the previous DL-sub-slot(s) for which b(l)=1. The DL-sub-slot duration is equal to X symbols, except possibly the last DL-sub-slot in a slot which can be of shorter duration than X. DL-sub-slot do not overlap. Every DL-sub-slot is contained in a single slot. The same DL-sub-slot pattern repeats in every slot. 
Alternatively, the above sets may be called sets of “aligned spans”.
In relation to this question, with the above definition for (X,Y) = (2,2), the sets of “aligned spans” are illustrated below. That is, essentially, the limits and  are applied per span as intended for the case of aligned spans. 
[image: cid:image017.png@01D61849.6BD88700]

	vivo
	Before defining case 1 as aligned span or non-aligned span, it should be decided whether aligned/non-aligned spans are determined per span or per slot across different serving cells. From our understanding, denotes the non-overlapping CCEs per span. Hence, whether aligned/non-aligned spans are determined per span across different serving cells. 
In addition, for case 1, it should be further clarified whether the empty spans (i.e. no PDCCH monitoring is configured) will be counted. In Rel.15, the monitoring capability of a serving cell in a slot with absence of PDCCH monitoring occasion is taken into accounted. In Rel.16, similar rule can be used, i.e. the monitoring capability of a serving cell in a span with absence of PDCCH monitoring occasion is counted.
Above all, we think case 1 is aligned spans case.

	OPPO
	Aligned. But as CATT mentioned, it may lead different  maximum number of non-overlapping CCEs for channel estimation for different PDCCH monitoring spans.

	Sharp
	We consider case 1 as an aligned span case .
The empty span on a cell in a sense can seems to be similar with a slot without SS configuration on a cell. While in Rel-15, for a slot where some CCs may have no search space configuration for monitoring, the remaining CCs can share the total scaled number in the slot.

	HW/HiSi
	The above figure of Case 1 does not show aligned spans.
In case the “white” symbols in CC5 are always empty, i.e. in every slot, then the combination (X, Y) = (2, 2) would not apply to CC5. The ( X,Y)   does not get explicitly configured at the UE. Instead the UE has to derive the combination from the configured MOs. In case multiple combinations meet the configured MOs, the combination with the best support on #CCEs/#BDs should be chosen. For the CC5, this would be (4,3), whereas for CC1-CC4 the combination (2,2) should apply. Therefore, I think at least CC5 should be removed from the set.
A question for clarification: The “white” symbols in CC3/4, are they supposed to be always empty or only in this particular slot that is shown in the figure?
To address vivo’s and Quectel’s comments, I think there is a difference between “empty” spans and “absent spans”. An empty span is one that is empty in this particular slot, but can include a monitoring occasion  in some other slot. Thus, when the bitmap for the cell will be created according the UE FG 3-5a, there will be “1”s at these symbols. An “absent” span would always have “0” at the corresponding symbols.
Feature lead: If in the end a different combination (X, Y) is applied for CC5, then it won’t be taken into this group. Once it is taken into this group, then it should mean same combination (X, Y) is applied due to the configuration of PDCCH monitoring occasions. That is, here is empty span, not absent span. 

	Motorola Mobility, Lenovo
	Aligned, Agree with Samsung.

	MediaTek
	Aligned.
As mentioned by Samsung, there is no reason to consider the absence of PDCCH monitoring on some cells as “bad thing” for PDCCH monitoring on other cells.

	Nokia, NSB
	Aligned. Agree comment by Samsung & MTK. And as pointed out by OPPO, just the number of CCEs is then different between spans.

	ZTE
	Case 1 is an aligned span case.
 If we regard every two symbols in the Figure above for Case 1 as a slot, then it turns to be Rel-15 CA case. Then, there is no fundamental difference compared with Rel-15 CA case, because some slots on some carriers may occasionally have no MO resulting in empty spans or always have no MO resulting in absent span. But no matter the white part are empty or absent, C_total/M_total are still calculated based on all the number of CCs.
Agree with HW that if the “white” symbols in CC5 are supposed to be always empty (absent span), it should be excluded from the set of CCs since it should be considered as a CC with span (7, 3). 

	Apple
	If only configuration (2,2) is reported for all 5 CCs, then we consider it to be aligned. If (2,2) and (4,3) are reported for CC5, then CC5 will be classified in the (4,3) group and CC1 to CC4 should be considered as aligned.   

	Spreadtrum
	Agree with Apple.

	LGE
	Unaligned. We share the similar view with CATT.

	Intel
	Per definition of “aligned spans” as in Option 1 (or modified Option 1 as in Question 2), this would be non-aligned. Per definition based on Option 3, then this would be an example of aligned spans.

	Qualcomm
	Spans in this example can be considered as aligned. 

	
	



Summary of the status for question 1-2
Base on the views from companies, company positions are summarized as below:
· Yes (i.e. case 1 shown in figure 2.1-1 is aligned span case): 
· Support: Samsung, Quectel, Ericsson, Vivo, OPPO, Sharp, Motorola/Lenovo, MediaTek, Nokia, ZTE, Apple, Spreadtrum, Qualcomm    
· Reasons from proponents
· No reason for absence of PDCCH monitoring on some cells to be a “bad thing” for PDCCH monitoring on other cells 

· No (i.e. case 1 shown in figure 2.1-1 is non-aligned span case): 
· Support: CATT, Huawei/HiSilicon, LGE  

Feature lead: It is the majority view to consider it as aligned spans case. As to the concern from CATT/LG and Huawei/HiSilicon, hopefully you can accept it as aligned span case per my reply to your comment.   

Potential conclusion #2: 
Case 1 below should be considered as aligned span case.    
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Case 1
Please provide your views on the above conclusion. 
	Company
	View

	
	

	
	




Question 1-3: Do you consider case 2 and case 3 shown in figure 2.1-2 below an aligned span case or non-aligned span case? Please provide your reasons also.
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Figure 2.1-2-a Case 2
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Figure 2.1-2-b Case 3

	Company
	View

	Samsung
	Unaligned. PDCCH MOs are either not within the same Y or first symbols are not separated by X for any possible (X, Y).

	Quectel
	Non-aligned. The spans cannot fit to any single possible combination (X, Y).
Feature lead: it meets combination (2, 2). Note that the duration of span is equal to the maximum of Y and CORESET duration, therefore it is possible that the span duration is larger than the reported Y.  

	CATT
	Non-aligned.

	Ericsson
	We acknowledged the intention to include the discussion of aligned span definition. However, in our view it is not necessary in the end to define the aligned/non-aligned spans in the specification. We would like to encourage that the discussion rather focuses on finding a unified solution.
For example, the focus can be on defining sets of spans for which the limit and  are applied. 
In this regards, we propose to consider the set of spans which are present in the same DL-sub-slot 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.
· The DL-sub-slot pattern for  of the  downlink cells using combination and SCS configuration  is determined as follows. First a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of a slot is the starting symbol of a monitoring span of the relevant DL cells/component carriers, b(l)=0 otherwise. The first DL-sub-slot in the DL-sub-slot pattern begins at the smallest l for which b(l)=1. The next DL-sub-slot in the DL-sub-slot pattern begins at the smallest l not included in the previous DL-sub-slot(s) for which b(l)=1. The DL-sub-slot duration is equal to X symbols, except possibly the last DL-sub-slot in a slot which can be of shorter duration than X. DL-sub-slot do not overlap. Every DL-sub-slot is contained in a single slot. The same DL-sub-slot pattern repeats in every slot. 
Alternatively, the above sets may be called sets of “aligned spans”.
In relation to this question, with the above definition for (X,Y) = (2,2), the sets of “aligned spans” are illustrated below for Cases 2 and 3. That is, essentially, the limits and  are applied per set of “aligned” spans. 
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	vivo
	Not sure what is the span combination for CC3. If (2,2) span combination for CC1 and CC2, we consider it as aligned spans case.

	OPPO
	Non-aligned.

	Sharp
	We consider case 2 and case 3 as an aligned span case.
Both case 2 and case 3 are corresponding to span combination (2,2). Spans across CCs in above cases are not overlapping and are separated at least larger than X=2 symbol.

	HW/HiSi
	Case 2 and Case 3 include a combination that is not supported, (3,3). CC3 should be removed from the set. CC1 and CC2 are aligned in both cases.
Feature lead: it meets combination (2, 2)

	Motorola Mobility, Lenovo
	Not a valid (X, Y) combination.
Feature lead: it meets combination (2, 2)

	MediaTek
	The configuration of CC3 is invalid.
CC1 and CC2 are aligned
Feature lead: it meets combination (2, 2)

	Nokia, NSB
	Not a valid combination here as companies pointed out. And CC1 & 2 are aligned (as HW correctly noted).
Feature lead: it meets combination (2, 2)

	ZTE
	We consider Case 2 and Case 3 are aligned span case.
It should be noted that, the intention of Case 2 and Case 3 above is that the span combination for all CCs is (2,2). More specifically, the maximum CORESET duration in CC1 and CC2 is 2-symbol and the maximum CORESET duration in CC3 is 3-symbol. As commented by Sharp, the spans across CCs in above cases are not overlapping and are separated at least larger than X=2 symbol.

	Apple
	We agree that CC3 is an invalid configuration. CC1 and CC2 are aligned

	Spreadtrum
	Agree with Huawei. The configuration of CC3 is invalid. CC1 and CC2 are aligned.
One question for CC3, what is the UE behavior for an invalid span pattern? Is it an error case?

	LGE
	Invalid configuration. For CC3, there is no (X,Y) which can be applied. 

	Intel
	These are both examples of non-aligned spans (even if the CC3 configuration were to be supported)

	Qualcomm
	The span configuration on CC3 is clearly different from the other two. If the span pattern of CC3 is also supported, then it will be considered in a different CC group (since we do hard-splitting across CCs with different (X,Y) patterns. The pattern on CC1 and CC2 are aligned. 



Summary of the status for question 1-3
Base on the views from companies, company positions are summarized as below:
Case 2:
· Yes (i.e. case 2 shown in figure 2.1-2 is aligned span case): 
· Support: Ericsson, vivo (maybe), Sharp,    
· Reasons from proponents
· No reason for absence of PDCCH monitoring on some cells to be a “bad thing” for PDCCH monitoring on other cells 

· No (i.e. case 2 shown in figure 2.1-2 is non-aligned span case): 
· Support: Samsung, Quectel, CATT, OPPO, 
· Not a valid configuration 
· Support: Quectel, Huawei/HiSilicon, MediaTek, Nokia, Apple, Spreadtrum, LGE 

Feature lead: Many companies think the configuration is invalid, but it actually meets the combination of (2, 2). Note that the duration of span is equal to the maximum of Y and CORESET duration, therefore it is possible that the span duration is larger than the reported Y. At least from feature lead point of view, case 2 and case 3 should be considered as aligned span case.  

Potential conclusion #3: 
Case 2 and case 3 below should be considered as aligned span case.  
[image: ]
Case 2
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Case 3
Please comment if you don’t agree with the above potential conclusion #3, and please provide your reasons also.   
	Company
	View

	
	

	
	



Question 1-4: Do you consider case 4 shown in figure 2.1-3 below an aligned span case or non-aligned span case? Please provide your reasons also. Note that the key characteristic of case 4 is that all spans are within Y consecutive symbols and have first symbols separated by at least X symbols.  
(X, Y) = (2, 2) [image: ]  
Figure 2.1-3-a Case 4
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Figure 2.1-3-b Case 5

	Company
	View

	Samsung
	Top figure is aligned for (2,2). Bottom figure is unaligned.
Feature lead: My original intention is to say that span 1 and span 1 on different serving cells are non-aligned, span 2 and span 2 on different serving cells are non-aligned, but span 1 on cell 1 and span 2 on cell 2 can be considered as aligned, similar as span 2 on cell 1 and span 1 on cell 2. But in total it should belongs to non-aligned span case.   

	Quectel
	Both Case 4 and Case 5 are considered aligned. It seems Case 5 pertains to “back-to-back” scenario. The separation of X symbols per serving cell guarantees sufficient processing time. The problem is similar to slot based limitations with same numerology. Different locations of MOs across serving cells within a same slot are not considered for Rel-15 slot based limitations.

	CATT
	Non-aligned. Same comments for the first question.

	Ericsson
	We acknowledged the intention to include the discussion of aligned span definition. However, in our view it is not necessary in the end to define the aligned/non-aligned spans in the specification. We would like to encourage that the discussion rather focuses on finding a unified solution.
For example, the focus can be on defining sets of spans for which the limit and  are applied. 
In this regards, we propose to consider the set of spans which are present in the same DL-sub-slot 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.
· The DL-sub-slot pattern for  of the  downlink cells using combination and SCS configuration  is determined as follows. First a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of a slot is the starting symbol of a monitoring span of the relevant DL cells/component carriers, b(l)=0 otherwise. The first DL-sub-slot in the DL-sub-slot pattern begins at the smallest l for which b(l)=1. The next DL-sub-slot in the DL-sub-slot pattern begins at the smallest l not included in the previous DL-sub-slot(s) for which b(l)=1. The DL-sub-slot duration is equal to X symbols, except possibly the last DL-sub-slot in a slot which can be of shorter duration than X. DL-sub-slot do not overlap. Every DL-sub-slot is contained in a single slot. The same DL-sub-slot pattern repeats in every slot. 
Alternatively, the above sets may be called sets of “aligned spans”.
In relation to this question, with the above definition for (X,Y) = (2,2), the sets of “aligned spans” are illustrated below for Case 4. That is, essentially, the limits and  are applied per set of “aligned” spans which in this case, per span. Of course, there will be a restriction on top of this such that  the per-CC span limit is also respected.
[image: cid:image044.png@01D618B9.55D224A0]

For Case 5, with the above definition for (X,Y) = (7,3), the sets of “aligned spans” are already illustrated with the circles in the figure below. 
[image: cid:image046.png@01D618B9.55D224A0]

	vivo
	Case 4 is aligned spans case.
Case 5 can be non-aligned spans case.

	OPPO
	Top figure is aligned for (2,2), Bottom figure is unaligned for (7,3).

	Sharp
	We consider case 4 as an aligned case.
We consider case 5 as a non-aligned case. The processing gap between the span 1 in CC1 and span 2 in CC0 are not satisfied with the minimum gap X=7 symbols.

	HW/HiSi
	Our initial thinking is that Case 4 and Case 5 could be considered as not aligned. Our reasons are: 
· Aligned spans should at least start or end on the same symbols
· The combined duration over all cells should not be larger than Y symbols (Y = 3 for Case 4 and 5)

	Motorola Mobility, Lenovo
	Figure 2.1-3-a: Aligned, Figure 2.1-3-b: not aligned

	MediaTek
	Case 4 is aligned for (2,2). Case 5 is non-aligned.

	Nokia, NSB
	Case 4 is aligned for (2,2). Case 5 not aligned for (7,3)

	ZTE
	We consider Case 4 and Case 5 are aligned span case.
As commented in the first question, the back-to-back” span monitoring for Case 4 and Case 5 is just a 
sub-set of the fully aligned case assuming the ‘white’ symbols corresponding to the spans in other CC are empty spans. 

	Apple
	 Case 4 is aligned for (2,2) and unaligned for (4,3)
Case 5 is unaligned

	Spreadtrum
	Case 4 is aligned for (2,2)
Case 5 is unaligned. Because CC0 and CC1 are both (4,3), but the spans of CC0 are overlapped with CC1.

	LGE
	Both cases 4 and 5 are unaligned.

	Intel
	Similar to the first question, Case 4 is non-aligned, if following definition per Option 1, and aligned, if following definition in Option 3. 
Case 5 is non-aligned.

	Qualcomm
	For (2,2) pattern, Case 4 can be considered as aligned. Case 5 is non-aligned. 



Summary of the status for question 1-4
Base on the views from companies, company positions are summarized as below:
Case 4:
· Yes (i.e. case 4 shown in figure 2.1-3 is aligned span case): 
· Support:  Samsung, Quectel, Ericsson, Vivo, OPPO,  Sharp, Motorola/Lenovo, MTK, Nokia, ZTE, Apple, Spreadtrum, Qualcomm,     
· No (i.e. case 4 shown in figure 2.1-3 is non-aligned span case): 
· Support: Huawei/HiSilicon, LGE, 

Case 5:
· Yes (i.e. case 4 shown in figure 2.1-3 is aligned span case): 
· Support:  Quectel, ZTE    

· No (i.e. case 4 shown in figure 2.1-3 is non-aligned span case): 
· Support: Samsung, CATT, Vivo, OPPO, Sharp, Huawei/HiSilicon, Motorola/Lenovo, MTK, Nokia, Apple, Spreadtrum, LGE, Intel, Qualcomm

Feature lead: Per the conclusion #1 for back-to-back scenario, case 4 should be considered as aligned spans case. For case 5, overall can be considered as non-aligned span case.   

Potential conclusion #4: 
Case 4 should be considered as aligned span case, while case 5 should be considered as non-aligned case.  
(X, Y) = (2, 2) [image: ]  
Case 4
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Case 5

Please provide your views on the above conclusion. 
	Company
	View

	
	

	
	



Question 2: Which option among option 1 to option 4 under issue C-1 do you prefer for the definition of “aligned spans”? Please provide your reasons also. Note that you can provide your own definition here also if any.    
	Company
	View

	Samsung
	Option 3.
Option 1 has two problems: (a) unnecessary restriction that total number of spans needs to be same across DL cells and (b) does not account that a separation among first symbols of spans needs to be at least X.
Option 2 also does not account that a separation among first symbols of spans needs to be at least X and suggests that the spans in Figures 3 and 4 (2.1.2-a Case 1, 2.1.2-b Case 2, in Question 2 above) are aligned when they are not.
Option 4 has the shortcomings of both options 1 and 2.

	Quectel
	Two questions for clarification of Option 3: (i) whether non-aligned boundaries of aligned spans according to Option 3 are supported ?  (ii) if the answer of Question (i) is yes, why do we still need to define per span limitations for the aligned case as we are actually defining a per X symbols (combination (X,Y))limitation, given the “back-to-back” case is not an issue?
[Samsung]: Non-aligned boundaries are (and should be) supported in case the separation of first symbols is X or more. The per span limitations (if I understand that comment correctly) is to capture the case that spans “are on top of each other” (and are then not separated by at least X).

	CATT
	Option 1 as explained above.

	Ericsson
	In our view it is not necessary in the end to define the aligned/non-aligned spans in the specification. We would like to encourage that the discussion rather focuses on finding a unified solution.
For example, the focus can be on defining sets of spans for which the limit and  are applied. 
In this regards, we propose to consider the set of spans which are present in the same DL-sub-slot 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.
· The DL-sub-slot pattern for  of the  downlink cells using combination and SCS configuration  is determined as follows. First a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of a slot is the starting symbol of a monitoring span of the relevant DL cells/component carriers, b(l)=0 otherwise. The first DL-sub-slot in the DL-sub-slot pattern begins at the smallest l for which b(l)=1. The next DL-sub-slot in the DL-sub-slot pattern begins at the smallest l not included in the previous DL-sub-slot(s) for which b(l)=1. The DL-sub-slot duration is equal to X symbols, except possibly the last DL-sub-slot in a slot which can be of shorter duration than X. DL-sub-slot do not overlap. Every DL-sub-slot is contained in a single slot. The same DL-sub-slot pattern repeats in every slot. 
If the term “aligned spans” is still preferred, the above sets can still reasonably be called the sets of “aligned spans”.
Feature lead: If the back to back scenario is an issue, then the definition here cannot solve it.

	Vivo
	Option 2 or option 3.
Option 2 and option 3 can provide more flexibility compared to current option 1, while option 1 only considers spans the same across different serving cells.
For option 1, if the condition “total number of spans are the same across the DL cells” can consider the spans without PDCCH monitoring occasions, option 1 would be also acceptable for us.

	OPPO
	In our view, it is not necessary to distinguish and define aligned span and non-aligned span.

	Sharp
	Slightly prefer Option 3 but with modifying the Y symbols as the largest duration of span to allow case 2 and case 3 as the aligned span.

	HW/HiSi
	None of the above cases shows aligned spans in our view. We are concerned that a very wide definition of aligned-spans would make it impossible to oversee all the implementation corner cases, that already have been raised last meeting and that this would stop us from making progress. A trade-off between a simple definition on aligned-spans that still gives enough flexibility would be desirable.
In the end, if we for example look at the Case 1 (CC1-CC4), would it really matter so much for the flexibility if we consider all 4 CCs as being aligned and have one formula on C_total together for all 4 cells, or if we have one C_total for CC1/CC2 and another C_total for CC3/CC4?
We would like to discuss some simple characteristics for defining aligned spans and would like to hear the views of other companies:
· Should the spans in all CCs have the same starting and/or end symbols?
· Should the overall duration across CCs not exceed Y?  
Instead of distinguishing between aligned and non-aligned spans and making a complicated definition for aligned spans, it could be good to make a simple definition for aligned spans and to only have aligned spans. For example, we could look at the bitmap that is created for each cell according to FG 3-5a. All cells that have the same bitmap (and the same SCS) are considered to be aligned.

	Motorola Mobility, Lenovo
	Would like to ask a question regarding option 3. In the figure below, based on option 3’s definition whether 
· CC3 spans are aligned with (CC1, and CC2) spans, or
· CC3 spans are aligned with CC4 spans
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Feature lead: It can either go to CC4 or go to CC1/CC2 in my understanding.

	Nokia, NSB
	Slight preference for Option 3 – i.e. there are not any partially overlapping spans across the serving DL cells.

	ZTE
	Option 2 is preferred.
Based on the answer for the above four questions, all above cases with the definition of Option 2 are considered as aligned span case.
We also want to share our views on HW’s comments above.
For Case 1, it’s better to have one formula on C_total together for all 4 cells which we think it is the same as Rel-15 if we consider the spans here as slots. Otherwise, it would cause too much complexity on NW configuration.
For the simple characteristics for defining aligned spans, we think it mainly includes: the spans with overlapping symbols across all CCs have the same starting or end symbols as specified in Option 2. This characteristic also means that, for a given span in one cell, it will not be overlapped with more than one spans in another cell.

	Apple
	Option 3. We agree with Samsung’s view that “spans on cells from the Ncells,r16DL,X,Y,μ downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to combination (X,Y).” Essentially, the monitoring occasions should be classified into spans. If the resulting spans are perfectly aligned, then then the CCs are aligned.  
 
We would want to clarify whether the span alignment should be across all slots even with a change of monitoring occasions between slots. 

	Spreadtrum
	Option 3 (1st ) or Option 2 (2nd )
We think the two options can be same conclusions of aligned or non-aligned span patterns. Option 3 seems easier to understand.

	LGE
	Option 1.

	Intel
	We acknowledge the observation from Samsung that an additional constraint of minimum of X symbols gaps between starting symbols of consecutive spans needs to be added to Option 1. 

Regarding Option 1 being “too restrictive”, we don’t think there is a need to optimize for “absent” spans in the first place, and for most practical cases, for a given span combination, DL cells would typically have the same numbers of spans in a slot. We don’t see motivation to have “absent” spans in the first place – the examples above in the previous questions are rather “artificial” in this regard. The only use case would be something like as shown in the first example, wherein the UE only supports (2,2), but then supporting only (2,2) and not (7,3) or (4,3) would be quite atypical, especially when considering the respective per-cell limits for BDs/CCEs currently on the table.
Feature lead: Since there is CSS on PCell, it would be typically not aligned with SCells?
So, we still think Option 1 with the following modification should suffice and we don’t need to support a wide variety of different arrangements of MOs across DL cells satisfying the same span combination:
A set of DL cells with “aligned” span patterns satisfy the following:
· total number of spans are the same across the DL cells, and
· the k-th span in a DL cell #i overlaps with the k-th span in any other cell #j from the set of  DL cells such that the cardinality of the union of the sets of symbols corresponding to the k-th span across all the  DL cells is no larger than Y, and the first symbol in the union of set of symbols for the k-th and the (k+1)-th spans are separated at least by X symbols. 

However, we also acknowledge that the definition per Option 3 works as well, although we are not sure if the additional flexibility is necessary.



Summary of the status for question 2
Base on the views from companies, company positions are summarized as below:
Option 1: a set of DL cells satisfying a common combination (X, Y) is said to have “aligned spans” if and only if the PDCCH monitoring spans are aligned in time across all the cells. Here, “aligned in time” can be defined such that all cells satisfy the following:
· total number of spans are the same across the DL cells, and
· the k-th span in a DL cell #i overlaps with the k-th span in any other cell #j from the set of  DL cells such that the cardinality of the union of the sets of symbols corresponding to the k-th span across all the  DL cells is no larger than Y, and the first symbol in the union of set of symbols for the k-th and the (k+1)-th spans are separated at least by X symbols.

· Support: Intel, CATT, LG
· Reasons for support:
· There is no need to optimize for “empty” spans.
· Feature lead: It seems there is no additional complexity to do the optimization for “empty” spans.  

· Reasons for not support:
· Unnecessary restriction that total number of spans needs to be same across DL cells
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Example: Non-aligned span case



Option 2: If for a span that starts from or ends at a symbol on a downlink cell from thedownlink cells, spans on all other downlink cells from the   downlink cells with overlapping symbols with the span start from or end at the symbol
· Support: ZTE, Spreadtrum, Vivo

· Reasons for support:
· More flexibility compared to option 1

[image: ]
Example #1 for aligned spans case
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Example #2: or aligned spans case
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Figure 3 Example #3 for aligned spans case
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Figure 4 Example #4 for aligned spans case

Option 3: Spans on cells from the  downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to combination 
a) are within a same set of up to  consecutive symbols, or 
b) have first symbols separated by at least  symbols
· Support: Samsung, Vivo, Sharp, Nokia, Apple, Spreadtrum  

· Reasons for support:
· More flexibility compared to option 1

· Modification:
· “Y symbol” should be modified to “the largest duration of span” to cover case 2 and case 3
· Sharp

· Feature lead: Compared to option 2, the definition here seems clearer. Agree with sharp that we can do the modification to cover case 2 and case 3, considering that according to the current specification the span duration is the maximum of CORESET duration and Y. Therefore, we can consider to change “are within a same set of up to  consecutive symbols” to “are within a same set of up to  consecutive symbols, where  is the maximum of span duration  from the  downlink cells”. 




Option 4: If for any span of a first CC, the starting symbol of the span is the same as (aligned with) the starting symbol of a span of a second CC, when the span of the first CC and the span of the second CC are overlapping
· Support: Motorola/Lenovo 

· Reasons for not support:
· Some restriction 

Feature lead: Based on the above views, it seems option 3 got the most support. Compared to option 2, the definition in option 3 is clearer also. But the current option 3 doesn’t include case 2 and case 3 under question 1-3, thus some modification can be made accordingly. I would suggest companies to consider the proposal below if in the end we will define aligned spans case.

Proposal 1: Spans on cells from the  downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to combination 
a) are within a same set of up to  consecutive symbols, where  is the maximum of span duration  from the  downlink cells”, or 
b) have first symbols separated by at least  symbols
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Case 1
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Figure 2.1-2-a Case 2
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Figure 2.1-2-b Case 3
(X, Y) = (2, 2)[image: ]  
Case 4

Please provide your views if you can accept the above proposal if we need to define span aligned case. 
	Company
	View

	
	

	
	




In addition, Vivo (R1-2001669) raised a question whether we need to consider timing difference of received signaling from different Cells. The maximum receive timing difference is 3 µs and 33 µs for intra-band CA and inter-band CA in FR1 according to the requirement defined in RAN4[4]. For inter-band CA in FR1, timing difference of different Cells is approximately one OFDM symbol in 30 kHz SCS configuration, which is not negligible. The timing difference of received signaling transmitted by different Cells can also lead to ‘the unaligned span’, even the same span pattern is configured for all the Cells, as shown in the following Figure.   


Figure timing difference of received signaling from different Cells 

Question 3: Whether the timing difference of received signaling from different Cells is considered or not for aligned span and non-aligned span case? 
	Company
	View

	Samsung
	No need – the issue is same for all (synchronous) CA deployments (doesn’t have to do with spans or slots).

	Quectel
	No need, the same understanding as Samsung

	CATT
	No need, the same understanding as Samsung

	Ericsson
	No need to consider

	vivo
	Timing difference of received signaling from different Cells is not needed to consider.
Whether the spans across different cells are aligned spans or non-aligned spans are dependent on the configuration.

	OPPO
	No need, the same understanding as Samsung

	Sharp
	No need, the same understanding as Samsung

	HW/HiSi
	Since this is already the case for slot based processing, it should not have an impact here.

	MediaTek
	No need to consider.

	Nokia, NSB
	No need to consider.

	ZTE
	No need to consider.

	Apple
	No

	Spreadtrum
	No need to consider.

	LGE
	No need, same understanding as others.

	Intel
	Same view as others, no need to consider this for current discussion.

	Qualcomm
	No.


Summary of the status for question 3
Base on the views from companies, company positions are summarized as below:
· Yes (i.e. timing difference of received signaling from different Cells is considered for defining aligned span and non-aligned span case): 

· No (i.e. timing difference of received signaling from different Cells is not considered for defining aligned span and non-aligned span case): 
· Support:  Samsung, Quectel, CATT, Ericsson, Vivo, OPPO,  Sharp, Huawei/HiSilicon, MTK, Nokia, ZTE, Apple, Spreadtrum, LGE, Qualcomm,
· Reason: Same for all (synchronous) CA deployments  
Feature lead: It seems common understanding that timing difference of received signaling from different Cells is not considered for defining aligned span and non-aligned span case

Issue C-2: How to scale the monitoring capability for “non-aligned spans” case if the number of CCs configured is larger than the reported capability?   
There had been extensive discussion in RAN1#100-e on how to handle the CA case when the reported capability is less than the actual configured number of CCs. It was acknowledged that there are two cases, namely with aligned spans and with non-aligned spans, and it makes sense to treat these two cases differently or independently.
For the case with aligned span, we have agreed on the following working assumptions:
	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

·  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.

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

·  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.   




There had been discussions during RAN1#100-e on the related operation for non-aligned spans, but no agreement could be achieved. In the FL summary in R1-2001409, proposals 1 and 2 are noted for possible agreement for non-aligned spans:
	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

· 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.   
 
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

· 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.  


For simplicity, let’s focus on the scaling for the non-overlapping CCEs first, and once we achieve agreement on the non-overlapping CCEs, the corresponding proposal for the maximum number of monitored PDCCH candidates can be achieved. Based on the views in the contributions, the candidate options and company positions are summarized below. Note that some options are not exactly the same as what I listed here, I try to complete it according to my understanding. If it is not correct, please correct it when you reply. 

Option 1 (proposal 1 from FL summary R1-2001409): 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

· 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.   

· Support: Nokia, Intel, MTK, Qualcomm, CATT, Spreatrum, Samsung, Quectel, LGE 

· Reasons for supporting this option:
· Non-aligned spans across the DL cells satisfying a given combination (X, Y) itself is not typical case, thus some restriction is acceptable. 

· Cons:
· Some restriction for search space configuration in that all combinations of spans across downlink cells have to obey the CA limit even if some spans are not located close to each other in time

[bookmark: OLE_LINK32]Option 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 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

· The is the number of cells from the cell set with same numerology , same associated combination (X, Y) and that are satisfying aligned-span condition. 
· 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 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.

· Support: Huawei/HiSilicon, Quectel
· Reasons
· Remove the restriction among the carriers with aligned span cases 
· Simpler to implementation and more structured in specification compared to option 1.

Option 3: 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 present in the same DL-sub-slot 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. 
· The DL-sub-slot pattern for  of the  downlink cells using combination and SCS configuration  is determined as follows. First a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of a slot is the starting symbol of a monitoring span of the relevant DL cells/component carriers, b(l)=0 otherwise. The first DL-sub-slot in the DL-sub-slot pattern begins at the smallest l for which b(l)=1. The next DL-sub-slot in the DL-sub-slot pattern begins at the smallest l not included in the previous DL-sub-slot(s) for which b(l)=1. The DL-sub-slot duration is equal to X symbols, except possibly the last DL-sub-slot in a slot which can be of shorter duration than X. DL-sub-slot do not overlap. Every DL-sub-slot is contained in a single slot. The same DL-sub-slot pattern repeats in every slot. 

· Support: Ericsson, ZTE

· Reasons for support
· Remove the restriction to spans that is far away each other 
· Unified solution for both aligned and non-aligned cases without the need to specify the definition of aligned spans 

· Reasons for not support 
· Cannot avoid the back to back issue 
· Need to define DL-sub-slot pattern 
[image: ]
[bookmark: _Ref37184456]Figure Example of sets of spans present in the same DL-sub-slot across the active DL BWP(s) of scheduling cell(s) with at most one span per scheduling cell for each set. Note that each span is present in/ overlap in time with one or more DL-sub-slots in the DL-sub-slot pattern.

[image: ]
[bookmark: _Ref37243439]Figure Example of sets of spans present in the same DL-sub-slot across the active DL BWP(s) of scheduling cell(s) with at most one span per scheduling cell for each set.








Option 4: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability, and with  of the  downlink cells using combination (X, Y) for PDCCH monitoring, and having active DL BWPs using SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of a group of overlapping 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. 
· For a given span, the group of overlapping spans is defined that the span within the group overlaps with any other span(s) if any in the group. 
· The notations above have the same definition as the aligned span case.  

· Support: ZTE, OPPO
· Reasons for support:
· Remove the restriction to spans that is non-overlapped or even far away with each other
Option 5: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability, , 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, where


· For a given span of a given cell,  is the number of serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j and with overlapping spans. 

· For given span of a given cell and given SCS, is determined by the number of cells with the overlapping spans with the same span pattern and with an associated combination (X, Y)

· 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.
· Support: Vivo, 
· Reasons
· Fully utilize the UE monitoring capability 
· Cons:
· UE needs to calculate the limit per span 



Example: for span 1 of Cell 1, the overlapping cell -span combination set is {Cell 1(2,2), Cell 2 (4,3)} 

Option 6: 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 , and if the spans on all downlink cells from the  downlink cells are aligned for g={1,2,…,G},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 and a/any downlink cell from the  downlink cells if the spans on downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set of spans, 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.
· Support: Motorola/Lenovo, 

Option 7: For R16 PDCCH monitoring, the UE does not expect to be configured with multiple DL cells satisfying a given combination (X, Y) with non-aligned spans.
· [bookmark: OLE_LINK14]Support: Intel

· Reasons
· Non-aligned spans across the DL cells satisfying a given combination (X, Y) itself is questionable.  
From feature lead point of view, option 2 to option 6 are trying to optimize by removing the restriction from proposal 1 to some extent. Option 3 above is similar as what feature lead proposed during the email discussion by adding “within any X consecutive symbols” in the proposals which also addresses the back-to-back span issues raised during the email discussion, while option 3 seems can be considered as “within X consecutive symbols” which cannot solve the back-to-back span issue. All the options seem have its pros and cons. Though we may need to see the views from companies on the above options first, based on the past discussion, from feature lead perspective I would suggest companies to consider option 1.  

Question 4: Which option under issue C-2 do you prefer for scaling PDCCH monitoring capability at least for “non-aligned spans” case? Can you accept option 1 even though it is not exactly what you are proposing to be constructive? Please provide your reasons.     
	Company
	View

	Samsung
	The TP we provide in R1-2002131 (the summary failed to capture it) is according to Option 1.

	Quectel
	Option 2 is our preference with possible wording refining if per span or per span set limitation is defined. Option 1 is also acceptable for us if majority companies support Option 1, for sake of progress. In our view, Option 2 is simpler to implement and more structured in specification than Option 1. The difference of outcomes between Option 1 and Option 2 in practical implementations may be minimal.

	CATT
	Option 1.

	Ericsson
	We support Option 3. This option provides a unified solution for both aligned and non-aligned cases without the need to specify the definition of aligned spans. Moreover, it reduces to the working assumption in RAN 1 #100e when the spans on all CCS are fully aligned.
Option 3: 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 present in the same DL-sub-slot 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. 
· The DL-sub-slot pattern for  of the  downlink cells using combination and SCS configuration  is determined as follows. First a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of a slot is the starting symbol of a monitoring span of the relevant DL cells/component carriers, b(l)=0 otherwise. The first DL-sub-slot in the DL-sub-slot pattern begins at the smallest l for which b(l)=1. The next DL-sub-slot in the DL-sub-slot pattern begins at the smallest l not included in the previous DL-sub-slot(s) for which b(l)=1. The DL-sub-slot duration is equal to X symbols, except possibly the last DL-sub-slot in a slot which can be of shorter duration than X. DL-sub-slot do not overlap. Every DL-sub-slot is contained in a single slot. The same DL-sub-slot pattern repeats in every slot. 

	vivo
	Option 5.

	OPPO
	Option 4. It is a unified solution for both aligned and non-aligned cases. The working assumption in RAN 1 #100e when the spans on all CCS are fully aligned could be applied

	Motorola Mobility, Lenovo
	We think it would be better to finalize the back to back issue before discussing this aspect.  

	Nokia, NSB
	We would be fine with Option 1 (based on FL proposal). Clearly, we should not make the aligned span case (which we see as the main use-case) worse just to have a unified solution for both cases here!

	ZTE
	Prefer Option 4. We are also fine with Option 3.
The benefit of above options are to remove the restriction to spans that is non-overlapped or even far away with each other.

	Apple
	Option 1. We agree with the FL that some restrictions are acceptable for this case. 

	Spreadtrum
	We support Option 1.

	LGE
	We are fine with option 1. 

	Intel
	We support Option 1. 
Most of the other options nullify the benefits of defining a span-based monitoring, e.g., many of these lead to scenarios with “heavily loaded back-to-back spans” across carriers, and this is real issue as elaborated in response to Question 1-1.

	Qualcomm
	Option 1.




Summary of the status for question 4
Base on the views from companies, company positions are updated accordingly as shown in the above for each options.  

Feature lead: Based on the above views, it is suggested companies to go to the majority view, considering we have 7 candidate options while we don’t have much time. In addition, with the optimized definition for aligned span case, the optimization for non-aligned span case seems no significant gain.  

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 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

· 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.   

Please comment if the above proposal is not acceptable for you.  
	Company
	View

	
	

	
	




Please note that once the potential direction for non-overlapping CCEs is clear, we can make proposals for monitored PDCCH candidates accordingly as below.  
Proposal 3: 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 the above proposal is not acceptable for you.  
	Company
	View

	
	

	
	



Latest proposals based on further email discussion on Tuesday

Question 2: Which option among option 1 to option 4 under issue C-1 in the summary do you prefer for the definition of “aligned spans”? Please provide your reasons also. Note that you can provide your own definition here also if any.
 
Proposal 1:  Spans on cells from the  downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to the combination  such that the resulting spans
1. are within a same set of up to consecutive symbols, or 
1. have first symbols separated by at least  symbols; 
Else, they are considered as not aligned.
 
Please comment if you cannot accept the above proposal. 
	Company
	View

	Feature lead
	One question raised on this proposal is that if we take this proposal, whether UE needs to check across cells in order to determine the combination (X, Y) for a serving cell. In my understanding, this proposal is only used to check whether the spans is aligned spans or non-aligned spans. UE will still only determines the combination (X, Y) for each serving cell first based on the configured PDCCH monitoring occasions for a serving cell, then do the grouping among the cells based on the determined combination (X, Y) for each serving cell, then use the proposal above to further check whether it is aligned spans or non-aligned spans within the group.   

	Ericsson
	Proposal 1 is not clear to us. Is it the intention that a new span pattern has to be determined reusing the rule as in FG3-5b after considering the union of all PDCCH monitoring occasions across all DL cells? The (X,,Y) above is determined for each carrier before considering cross-carrier situation, and does not change due to cross-carrier? Or new (X’,Y’) may result after considering the cross-carrier situation?
How would the proposal work for the example figure below where the red boxes are the span with actual PDCCH monitoring? It seems that a) is satisfied and this example is considered aligned?
 
[image: cid:image005.jpg@01D61B45.C9CC4870]
 
We propose to consider an alternative Option 5 (added below, after Option 4) for the definition of a set of “aligned” spans. Option 5 capture all the examples including the current proposal in a clear and unified way.

Chengyan> No new span pattern needs to be determined reusing the rule as in FG3-5b after considering the union of all PDCCH monitoring occasions across all DL cells. The combination (X, Y) for each cell is still determined based on the configured PDCCH monitoring occasions for a serving cell and it won’t be changed by the proposal 1 here, you can see the email changes below also. As I explained above, proposal 1 here is only used to check whether the spans is aligned spans or non-aligned spans. That is, UE will still only determines the combination (X, Y) for each serving cell first based on the configured PDCCH monitoring occasions for a serving cell, then do the grouping among the cells based on the determined combination (X, Y) for each serving cell, then use the proposal above to further check whether it is aligned spans or non-aligned spans within the group. 

	
	


 
 
 Question 4: Which option under issue C-2 do you prefer for scaling PDCCH monitoring capability at least for “non-aligned spans” case? Can you accept option 1 even though it is not exactly what you are proposing to be constructive? Please provide your reasons.  
 
 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 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

· 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.   

Please comment if the above proposal is not acceptable for you.  
	Company
	View

	Feature lead
	Status: Ericsson has concern with the proposal. All other companies agreed with proposal 2 at least in principle.  

If proposal 1 above can also be agreed, then proposal 2 here is clear. As Klaus suggested, let’s at least agree the proposal in principle, then in the TP phase we can continue to polish the wording, including whether we need to add some period/cycle for checking raised by Liuzheng.   

	Ericsson
	We cannot accept the proposal. The definition of “aligned span” and thus “non-aligned” spans are still not clear and pretty much open. It is not appropriate to discuss this proposal in the context of “non-aligned” spans. 
In our view, given the unclarity of a “aligned” or “non-aligned” span definitions, and that in some cases they are possible to be interpreted either way, it is more reasonable that we focus on finding a unified approach to which the CA-limit is applied regardless of whether the spans are “aligned “or “non-aligned”. At least, the unified solution should not contradict with the intention of the WA for the case of “fully aligned” spans.
We support Option 3 as a simple, unified approach for determining the CA limit for Rel-16 PDCCH monitoring. 


 
 
====================================================
Feature lead: For the potential conclusions below I feel ok not to have formal approval, these were discussed to help us get the proposals above and help clarify the understanding 
Detailed summary of the status for your information
Summary of the status for question 2
Base on the views from companies, company positions are summarized as below:
Option 1: a set of DL cells satisfying a common combination (X, Y) is said to have “aligned spans” if and only if the PDCCH monitoring spans are aligned in time across all the cells. Here, “aligned in time” can be defined such that all cells satisfy the following:
· total number of spans are the same across the DL cells, and
· the k-th span in a DL cell #i overlaps with the k-th span in any other cell #j from the set of [image: cid:image016.png@01D61B45.C9CC4870] DL cells such that the cardinality of the union of the sets of symbols corresponding to the k-th span across all the [image: cid:image016.png@01D61B45.C9CC4870] DL cells is no larger than Y, and the first symbol in the union of set of symbols for the k-th and the (k+1)-th spans are separated at least by X symbols.
 
· Support: Intel, CATT, LG
· Reasons for support:
· There is no need to optimize for “empty” spans.
· Feature lead: It seems there is no additional complexity to do the optimization for “empty” spans.  
 
· Reasons for not support:
· Unnecessary restriction that total number of spans needs to be same across DL cells
 
[image: cid:image017.png@01D61B45.C9CC4870]
Example: Non-aligned span case
 
Option 2: If for a span that starts from or ends at a symbol on a downlink cell from the[image: cid:image018.png@01D61B45.C9CC4870]downlink cells, spans on all other downlink cells from the  [image: cid:image019.png@01D61B45.C9CC4870] downlink cells with overlapping symbols with the span start from or end at the symbol
· Support: ZTE, Spreadtrum, Vivo
 
· Reasons for support:
· More flexibility compared to option 1
 
[image: cid:image020.png@01D61B45.C9CC4870]
Example #1 for aligned spans case
[image: cid:image021.png@01D61B45.C9CC4870]
Example #2: or aligned spans case
[image: cid:image022.png@01D61B45.C9CC4870]
Figure 3 Example #3 for aligned spans case
[image: cid:image023.png@01D61B45.C9CC4870]
Figure 4 Example #4 for aligned spans case
 
Option 3: Spans on cells from the [image: cid:image024.png@01D61B45.C9CC4870] downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to combination [image: cid:image025.png@01D61B45.C9CC4870]
a)      are within a same set of up to [image: cid:image026.png@01D61B45.C9CC4870] consecutive symbols, or 
b)      have first symbols separated by at least [image: cid:image027.png@01D61B45.C9CC4870] symbols
· Support: Samsung, Vivo, Sharp, Nokia, Apple, Spreadtrum, MediaTek
 
· Reasons for support:
· More flexibility compared to option 1
 
[image: cid:image028.png@01D61B45.C9CC4870]
 
Option 4: If for any span of a first CC, the starting symbol of the span is the same as (aligned with) the starting symbol of a span of a second CC, when the span of the first CC and the span of the second CC are overlapping
· Support: Motorola/Lenovo
· Reasons for not support:
· Some restriction
 .
Feature lead: Based on the above views, it seems option 3 got the most support. Compared to option 2, the definition in option 3 is clearer also. It seems the direction we can suggest to go. 
 
Option 5: Spans on cells from the [image: cid:image029.png@01D61B45.C9CC4870]downlink cells, with maximum one span per cell are considered as members of a set of aligned spans if all the spans are present in the same DL sub-slot.
o   The DL-sub-slot pattern for [image: cid:image030.png@01D61B45.C9CC4870] of the [image: cid:image031.png@01D61B45.C9CC4870] downlink cells using combination [image: cid:image032.png@01D61B45.C9CC4870]and SCS configuration [image: cid:image033.png@01D61B45.C9CC4870] is determined as follows. First a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of a slot is the starting symbol of a monitoring span of the relevant DL cells/component carriers, b(l)=0 otherwise. The first DL-sub-slot in the DL-sub-slot pattern begins at the smallest l for which b(l)=1. The next DL-sub-slot in the DL-sub-slot pattern begins at the smallest l not included in the previous DL-sub-slot(s) for which b(l)=1. The DL-sub-slot duration is equal to X symbols, except possibly the last DL-sub-slot in a slot which can be of shorter duration than X. DL-sub-slot do not overlap. Every DL-sub-slot is contained in a single slot. The same DL-sub-slot pattern repeats in every slot. 
o   Example: Sets of “aligned” spans are marked with the circle.
· (X,Y) = (2,2)
Case 1: [image: cid:image034.png@01D61B45.C9CC4870]
 
Case2: [image: cid:image035.png@01D61B45.C9CC4870]
 
Case 3: [image: cid:image036.png@01D61B45.C9CC4870]
 
Case 4: [image: cid:image037.png@01D61B45.C9CC4870]
· (X,Y) = (7,3)
[image: cid:image038.png@01D61B45.C9CC4870]
· Support: Ericsson 
· Reasons for support: Most flexible compared to other options. A simple approach which provides a unified and clear definition for a set of “aligned” spans.

 
Summary of the status for question 4
Base on the views from companies, company positions are updated accordingly as shown in the above for each options. 
 
Option 1 (proposal 1 from FL summary R1-2001409): If a UE is configured with [image: cid:image039.png@01D61B45.C9CC4870] downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where [image: cid:image040.png@01D61B45.C9CC4870], the UE is not required to monitor more than [image: cid:image041.png@01D61B45.C9CC4870]non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the [image: cid:image042.png@01D61B45.C9CC4870]downlink cells if the spans on different downlink cells from the [image: cid:image043.png@01D61B45.C9CC4870] downlink cells are not aligned, with at most one span per scheduling cell for each set, where
[image: cid:image044.png@01D61B45.C9CC4870]
o   [image: cid:image046.png@01D61B45.C9CC4870]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j.
o   If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability, [image: cid:image047.png@01D61B45.C9CC4870] is replaced by [image: cid:image048.png@01D61B45.C9CC4870].
o   The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of [image: cid:image049.png@01D61B45.C9CC4870] , 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.   
 
· Support: Nokia, Intel, MTK, Qualcomm, CATT, Spreatrum, Samsung, Quectel, LGE 
· Reasons for supporting this option:
  Non-aligned spans across the DL cells satisfying a given combination (X, Y) itself is not typical case, thus some restriction is acceptable. 
· Cons:
  Some restriction for search space configuration in that all combinations of spans across downlink cells have to obey the CA limit even if some spans are not located close to each other in time
 
Option 2: If a UE is configured with [image: cid:image050.png@01D61B45.C9CC4870] downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where [image: cid:image040.png@01D61B45.C9CC4870], the UE is not required to monitor more than [image: cid:image051.png@01D61B45.C9CC4870]non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the [image: cid:image052.png@01D61B45.C9CC4870]downlink cells if the spans on all downlink cells from the [image: cid:image050.png@01D61B45.C9CC4870] downlink cells are aligned, where
[image: cid:image053.png@01D61B45.C9CC4870]
· The [image: cid:image050.png@01D61B45.C9CC4870]is the number of cells from the cell set with same numerology [image: cid:image054.png@01D61B45.C9CC4870], same associated combination (X, Y) and that are satisfying aligned-span condition.
· [image: cid:image055.png@01D61B45.C9CC4870]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j.
o   If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability, [image: cid:image047.png@01D61B45.C9CC4870] is replaced by [image: cid:image048.png@01D61B45.C9CC4870].
o    The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of [image: cid:image056.png@01D61B45.C9CC4870] , 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 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.
 
· Support: Huawei/HiSilicon, Quectel
· Reasons
  Remove the restriction among the carriers with aligned span cases
  Simpler to implementation and more structured in specification compared to option 1.
 
Option 3: If a UE is configured with [image: cid:image039.png@01D61B45.C9CC4870] downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where [image: cid:image040.png@01D61B45.C9CC4870], the UE is not required to monitor more than [image: cid:image041.png@01D61B45.C9CC4870]non-overlapping CCEs for any set of spans present in the same DL-sub-slot across the active DL BWP(s) of scheduling cell(s) from the [image: cid:image042.png@01D61B45.C9CC4870]downlink cells, with at most one span per scheduling cell for each set, where
[image: cid:image044.png@01D61B45.C9CC4870]
o   [image: cid:image046.png@01D61B45.C9CC4870]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j.
o   If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability, [image: cid:image047.png@01D61B45.C9CC4870] is replaced by [image: cid:image048.png@01D61B45.C9CC4870].
o   The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of [image: cid:image049.png@01D61B45.C9CC4870] , 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. 
o   The DL-sub-slot pattern for [image: cid:image057.png@01D61B45.C9CC4870] of the [image: cid:image058.png@01D61B45.C9CC4870] downlink cells using combination [image: cid:image059.png@01D61B45.C9CC4870]and SCS configuration [image: cid:image054.png@01D61B45.C9CC4870] is determined as follows. First a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of a slot is the starting symbol of a monitoring span of the relevant DL cells/component carriers, b(l)=0 otherwise. The first DL-sub-slot in the DL-sub-slot pattern begins at the smallest l for which b(l)=1. The next DL-sub-slot in the DL-sub-slot pattern begins at the smallest l not included in the previous DL-sub-slot(s) for which b(l)=1. The DL-sub-slot duration is equal to X symbols, except possibly the last DL-sub-slot in a slot which can be of shorter duration than X. DL-sub-slot do not overlap. Every DL-sub-slot is contained in a single slot. The same DL-sub-slot pattern repeats in every slot. 
· Support: Ericsson, ZTE
· Reasons for support
  Remove the restriction to spans that is far away each other
  Unified solution for both aligned and non-aligned cases without the need to specify the definition of aligned spans
· Reasons for not support
  Cannot avoid the back to back issue
  Need to define DL-sub-slot pattern
[image: cid:image060.png@01D61B45.C9CC4870]
Figure Example of sets of spans present in the same DL-sub-slot across the active DL BWP(s) of scheduling cell(s) with at most one span per scheduling cell for each set. Note that each span is present in/ overlap in time with one or more DL-sub-slots in the DL-sub-slot pattern.
 
[image: cid:image061.png@01D61B45.C9CC4870]
Figure Example of sets of spans present in the same DL-sub-slot across the active DL BWP(s) of scheduling cell(s) with at most one span per scheduling cell for each set.
 
Option 4: If a UE is configured with [image: cid:image062.png@01D61B45.C9CC4870] downlink cells with Rel-16 PDCCH monitoring capability, and with [image: cid:image063.png@01D61B45.C9CC4870] of the [image: cid:image064.png@01D61B45.C9CC4870] downlink cells using combination (X, Y) for PDCCH monitoring, and having active DL BWPs using SCS configuration µ, where [image: cid:image065.png@01D61B45.C9CC4870], the UE is not required to monitor more than [image: cid:image066.png@01D61B45.C9CC4870]non-overlapping CCEs for any set of a group of overlapping spans across the active DL BWP(s) of scheduling cell(s) from the [image: cid:image063.png@01D61B45.C9CC4870]downlink cells if the spans on different downlink cells from the [image: cid:image067.png@01D61B45.C9CC4870] downlink cells are not aligned, with at most one span per scheduling cell for each set. 
 For a given span, the group of overlapping spans is defined that the span within the group overlaps with any other span(s) if any in the group. 
  The notations above have the same definition as the aligned span case. 
· Support: ZTE, OPPO
· Reasons for support:
· Remove the restriction to spans that is non-overlapped or even far away with each other
 
Option 5: If a UE is configured with [image: cid:image039.png@01D61B45.C9CC4870] downlink cells with Rel-16 PDCCH monitoring capability, [image: cid:image040.png@01D61B45.C9CC4870], the UE is not required to monitor more than [image: cid:image041.png@01D61B45.C9CC4870]non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the [image: cid:image068.png@01D61B45.C9CC4870]downlink cells, where
[image: cid:image044.png@01D61B45.C9CC4870]
 
· For a given span of a given cell, [image: cid:image069.png@01D61B45.C9CC4870] is the number of serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j and with overlapping spans.
 
· For given span of a given cell and given SCS, [image: cid:image070.png@01D61B45.C9CC4870]is determined by the number of cells with the overlapping spans with the same span pattern and with an associated combination (X, Y)
 
o   If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability, [image: cid:image047.png@01D61B45.C9CC4870] is replaced by [image: cid:image048.png@01D61B45.C9CC4870].
o    The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of [image: cid:image049.png@01D61B45.C9CC4870] , 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.
o   Support: Vivo, 
· Reasons
  Fully utilize the UE monitoring capability
  Cons:
· UE needs to calculate the limit per span
 
[image: cid:image071.png@01D61B45.C9CC4870]
Example: for span 1 of Cell 1, the overlapping cell -span combination set is {Cell 1(2,2), Cell 2 (4,3)}
 
Option 6: If a UE is configured with [image: cid:image072.png@01D61B45.C9CC4870] downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where [image: cid:image040.png@01D61B45.C9CC4870], and if the spans on all downlink cells from the [image: cid:image073.png@01D61B45.C9CC4870]downlink cells are aligned for g={1,2,…,G},the UE is not required to monitor more than [image: cid:image074.png@01D61B45.C9CC4870]non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the [image: cid:image075.png@01D61B45.C9CC4870]downlink cells and a/any downlink cell from the [image: cid:image073.png@01D61B45.C9CC4870] downlink cells if the spans on downlink cells from the [image: cid:image076.png@01D61B45.C9CC4870] downlink cells are not aligned, with at most one span per scheduling cell for each set of spans, where
[image: cid:image077.png@01D61B45.C9CC4870]
· [image: cid:image078.png@01D61B45.C9CC4870]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j.
· [image: cid:image079.png@01D61B45.C9CC4870].
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability, [image: cid:image047.png@01D61B45.C9CC4870] is replaced by[image: cid:image080.png@01D61B45.C9CC4870].
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of [image: cid:image056.png@01D61B45.C9CC4870] , 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.
o   Support: Motorola/Lenovo, 
 
Option 7: For R16 PDCCH monitoring, the UE does not expect to be configured with multiple DL cells satisfying a given combination (X, Y) with non-aligned spans.
· Support: Intel
· Reasons
  Non-aligned spans across the DL cells satisfying a given combination (X, Y) itself is questionable.  
 
 
Proposal 2: If a UE is configured with [image: cid:image039.png@01D61B45.C9CC4870] downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where [image: cid:image040.png@01D61B45.C9CC4870], the UE is not required to monitor more than [image: cid:image041.png@01D61B45.C9CC4870]non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the [image: cid:image042.png@01D61B45.C9CC4870]downlink cells if the spans on different downlink cells from the [image: cid:image043.png@01D61B45.C9CC4870] downlink cells are not aligned, with at most one span per scheduling cell for each set, where
[image: cid:image044.png@01D61B45.C9CC4870]
o   [image: cid:image046.png@01D61B45.C9CC4870]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j.
o   If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability, [image: cid:image047.png@01D61B45.C9CC4870] is replaced by [image: cid:image048.png@01D61B45.C9CC4870].
o   The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of [image: cid:image049.png@01D61B45.C9CC4870] , 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 proposal is not acceptable for you.  
	Company
	View

	Samsung
	The proposal seems acceptable in principle. However, “not aligned” is not defined. The opposite conditions of proposal 1 should apply.

	Intel
	Agree with Samsung. Hopefully it can be addressed by the suggested addition to Proposal 1 above.

	Sharp
	Agree the proposal.

	Quectel
	The sharing/splitting cycle or period may need to be clarified. If not, a current span and a long long ago span could be “any set of spans”. For slot-level splitting in Rel-15, “per slot” is explicitly used in the specification so that [image: cid:image081.png@01D61B45.C9CC4870] limitation is clearly applied slot-by-slot.
In general, we still slightly prefer a unified solution for aligned and non-aligned with simple definition of alignment. We think the calculation of [image: cid:image082.png@01D61B45.C9CC4870]highly depends on the definition of aligned span and non-aligned spans.

	vivo
	Need to have a clear definition of aligned/non-aligned span first.

	Nokia, NSB
	If we run out of time here (for this week), maybe we could agree to the principle of the earlier Option 1 here now – and figure out the detailed wording next week!??





Question 1-1: Whether the “back-to-back” spans on different serving cells is an issue considering similar cases exits in Rel-15 already?
 
Summary of the status for question 1-1
Base on the views from companies, company positions are summarized as below:
· Yes:
· Support: Samsung, MediaTek, Apple, Intel, Qualcomm
· Reasons from proponents
· Although some setups can be considered as supported due to a generic mandate of a feature in Rel-15, but that does not mean they are actually supported in IoDT. 
· Back-to-back scenario in Rel-15 and Rel-16 are not equivalent. More complicated for Rel-16 PDCCH monitoring capability at least from CCE/BD limit perspective.
· More room for Rel-15 to handle this back-to-back scenario from processing pipeline perspective, e.g. processing capability #1 and # PUCCHs per slot, but for Rel-16 URLLC not much room to handle this case.  
· Allowing back-to-back scenario for CSS doesn’t mean being able to allow back-to-back scenario for USS. For unicast scheduling, the UE’s processing demands are subject to tight timelines, which significantly impacts PDCCH processing due to different levels of sharing of hardware resources for processing of various DL channels/signals 
 
· Not an issue:
· Support: Quectel, CATT, Vivo, OPPO, Sharp, Huawei/HiSilicon, Nokia, ZTE, LG,
· Reasons from proponents
· Similar case already exists in Rel-15
· Should not lead to higher PDCCH monitoring load since the per-CC span limit is expected to be smaller or at most equal to the slot limit   
 
Feature lead: The reasons given by companies on justifying the difference of back-to-back scenario in Rel-15 and Rel-16 look valid to me. I would recommend companies to check the reasons given again. If we agree it is an issue, then back-to-back spans on different serving cells with each span configured with CCEs/BDs up to the limit and separation of the first symbol smaller than X is not allowed if the number of CCs configured is larger than the reported capability. Accordingly, we can try to make the following conclusion:
 
Potential conclusion #1:
Back-to-back spans on different serving cells with the separation of the first symbol between the two spans smaller than X should belong to non-aligned case.  
 
Please provide your views on the above conclusion.
	Company
	View

	Samsung
	Agree

	Intel
	Agree

	Sharp
	Agree

	Qualcomm
	Agree

	Quectel
	In our understanding, there should be an aligning cycle/window/period to define aligned or non-aligned spans. Only the spans within a same cycle need to be considered for aligned or non-aligned.  Two spans within different cycles, even with smaller separation than X should be irrelevant.

	Apple
	Agree

	vivo
	Agree in principle.
To make it clear, we suggest the following update for the conclusion #1:
Back-to-back spans on different serving cells from the [image: cid:image083.png@01D61B45.C9CC4870] downlink cells with the separation of the first symbol between the two spans smaller than X should belong to non-aligned case. 

	Nokia, NSB
	Fine

	HW/HiSi
	Agree

	MediaTek
	Agree


 
 
Question 1-3: Do you consider case 2 and case 3 shown in figure 2.1-2 below an aligned span case or non-aligned span case? Please provide your reasons also.
[image: cid:image084.png@01D61B45.C9CC4870]
Figure 2.1-2-a Case 2
 
[image: cid:image085.png@01D61B45.C9CC4870]
Figure 2.1-2-b Case 3
 
Summary of the status for question 1-3
 
Potential conclusion #3:
Case 3 is not valid combination.  
[image: cid:image086.png@01D61B45.C9CC4870]
Case 2
 
[image: cid:image087.png@01D61B45.C9CC4870]
Case 3
 
Question 1-2: Do you consider case 1 shown in figure 2.1-1 below an aligned span case or non-aligned span case? Please provide your reasons also.
[image: cid:image088.png@01D61B45.C9CC4870]
Figure 2.1-1 Case 1
 
 
Note: If proposal 1 can be agreed, then the following two conclusions are not needed.
Summary of the status for question 1-2
Base on the views from companies, company positions are summarized as below:
· Yes (i.e. case 1 shown in figure 2.1-1 is aligned span case):
· Support: Samsung, Quectel, Ericsson, Vivo, OPPO, Sharp, Motorola/Lenovo, MediaTek, Nokia, ZTE, Apple, Spreadtrum, Qualcomm    
· Reasons from proponents
· No reason for absence of PDCCH monitoring on some cells to be a “bad thing” for PDCCH monitoring on other cells
 
· No (i.e. case 1 shown in figure 2.1-1 is non-aligned span case):
· Support: CATT, Huawei/HiSilicon, LGE 
 
Feature lead: It is the majority view to consider it as aligned spans case. As to the concern from CATT/LG and Huawei/HiSilicon, hopefully you can accept it as aligned span case per my reply to your comment.   
 
Potential conclusion #2:
Case 1 below should be considered as aligned span case.   
[image: cid:image089.png@01D61B45.C9CC4870]
Case 1
 
Please provide your views on the above conclusion.
	Company
	View

	Samsung
	Agree

	Intel
	Agree

	Sharp
	Agree

	Qualcomm
	Agree

	Quectel
	Agree

	 Apple
	Slight clarification on the conclusion "Case 1 below should be considered as aligned span case if CC5 is only configured for (2,2)” . 
In the case it is configured for both (2,2) and (4,3), then based on previous agreements, it will be classified as (4,3) and thus not in the set. It is a subtle difference but may prevent confusion when this conclusion is viewed by others not part of this discussion in the future. 

	vivo
	Agree

	Nokia, NSB
	Agree


 
 
Question 1-4: Do you consider case 4 shown in figure 2.1-3 below an aligned span case or non-aligned span case? Please provide your reasons also. Note that the key characteristic of case 4 is that all spans are within Y consecutive symbols and have first symbols separated by at least X symbols. 
(X, Y) = (2, 2) [image: cid:image090.png@01D61B45.C9CC4870]  
Figure 2.1-3-a Case 4
[image: cid:image091.png@01D61B45.C9CC4870]
Figure 2.1-3-b Case 5
 
Summary of the status for question 1-4
Base on the views from companies, company positions are summarized as below:
Case 4:
· Yes (i.e. case 4 shown in figure 2.1-3 is aligned span case): 
· Support:  Samsung, Quectel, Ericsson, Vivo, OPPO,  Sharp, Motorola/Lenovo, MTK, Nokia, ZTE, Apple, Spreadtrum, Qualcomm,    
· No (i.e. case 4 shown in figure 2.1-3 is non-aligned span case): 
· Support: Huawei/HiSilicon, LGE,
 
Case 5:
· Yes (i.e. case 4 shown in figure 2.1-3 is aligned span case): 
· Support:  Quectel, ZTE   
 
· No (i.e. case 4 shown in figure 2.1-3 is non-aligned span case): 
· Support: Samsung, CATT, Vivo, OPPO, Sharp, Huawei/HiSilicon, Motorola/Lenovo, MTK, Nokia, Apple, Spreadtrum, LGE, Intel, Qualcomm
 
Feature lead: Per the conclusion #1 for back-to-back scenario, case 4 should be considered as aligned spans case. For case 5, overall can be considered as non-aligned span case.   
 
Potential conclusion #4:
Case 4 should be considered as aligned span case, while case 5 should be considered as non-aligned case. 
(X, Y) = (2, 2) [image: cid:image092.png@01D61B45.C9CC4870]  
Case 4
[image: cid:image093.png@01D61B45.C9CC4870]
Case 5
 
Please provide your views on the above conclusion.
	Company
	View

	Samsung
	Agree

	Intel
	Agree

	Sharp
	Agree

	Qualcomm
	Agree

	Quectel
	See our reply to Question 1-1

	vivo
	Agree

	Nokia, NSB
	Agree

	MediaTek
	Agree



Latest proposals based on further email discussion on Thursday
Proposal 2 in section 3 was agreed during conference call. The latest proposals and TPs for proposal 2 are as below:

 Proposal 1:  Spans on cells from the  downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to the combination  ; Otherwise, they are considered as not aligned.

Proposal 2: Endorse the following text proposal in R1-20xxxxx for section 10.1 in TS 38.213

	[image: cid:image119.png@01D61E0B.3B8EDBE0]
[image: cid:image123.png@01D61E0B.3B8EDBE0]



Please provide your views on the above TP. 
	Company
	View

	Feature lead
	This is to capture the following:

Proposal 1:  Spans on cells from the  downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to the combination  ; Otherwise, they are considered as not aligned.

Agreements:
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

· 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.  


	
	



Outcome of email discussion [100e-NR-L1enh_URLLC_PDCCH-02]
Based on the email discussion, the outcome is as below:
Agreements:
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

· 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.   

Agreements:  Spans on cells from the  downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to the combination  ; Otherwise, they are considered as not aligned.

As per email decision, the following TP is endorsed:
[bookmark: _GoBack]R1-2003049	Text proposal for TS 38.213 Section 10.1 on agreements in [100b-e-NR-L1enh-URLLC-PDCCH enhancements-02]	Moderator (Huawei)

image45.gif
prILEI g
Aty




image46.png
NPLXT)w

cellsr16




image47.png
DLy
Neelieris




image48.png
(X,Y)




image49.png




image1.png




image50.png
Symbol 0 1 2.3 4 5 6.7 8 910111213
ccl [\ U
cc2

ccs

cc4 Vi

ccs \

8itmap: 1] 0| 1[0[1[e[1]0
DL-sub-slot:





image51.png
Symbol
ccl
cc2
ccs

Bitmap:
DL-sub-siot:

3 4 5 77/3\910 1213
/l /
ef1|efe 1|/ e|o| 1| efe|e





image52.png
Symbol
ccl
ce
ccs

Bitmap:
DL-sub-siot:





image53.png
Symbol 0 1 23 4 5678910111213
cCl
ce2

simop: | 1[ 0| 0/ 0| 0|0 1|0 1| 0[0|0[1]0
DL-sub-siot:





image54.png
o 2 5[] u[u]n
wnwnon] . som 2
s 0] 1
o] .
Bimap: | 1[0 @ o/ 1]0|ef0

DL-sub-siot:





image55.gif
pHnE
v




image56.gif
LN e
e 10 e 5 A




image57.gif




image58.gif
LS
v




image59.gif
)
W e




image2.wmf
m

Y),

(X,

DL,

r16

cells,

N


image60.gif
S e
i





image61.gif
piil
W




image62.gif




image63.gif




image64.gif




oleObject1.bin

image65.gif
p il omt LOEY B
e




image66.gif




image67.gif
p il ot LY M.
e




image68.gif
peT—
o





image69.gif




oleObject2.bin

image70.gif
it
W e




image71.gif
g IasE e
T




image72.gif




image73.gif
e
W, et




image74.gif




image3.wmf
Symbol

0

1

2

3

4

5

6

7

8

9

10

11

12

13

CC

1

CC

2

CC

3

CC

4

CC

5


image75.png
ot

,,.M{m s s P





image76.png




image77.png




image78.png
DL CCY).
Neetissts





image79.png




image4.wmf
Symbol

0

1

2

3

4

5

6

7

8

9

10

11

12

13

CC

1

CC

2


image80.png
P
e > VIR




image81.png
claXNu
POCCH




image82.png
DL CCY). 4
Neetissts





image83.gif
PGS
W e




image84.gif
i
N e




image5.wmf
Symbol

0

1

2

3

4

5

6

7

8

9

10

11

12

13

CC

1

CC

2

CC

3


image85.gif
I b
W i




image86.png




image87.gif
i
W, Moroeit;




image88.gif
IR e
L,




image89.gif




image6.wmf
Symbol

0

1

2

3

4

5

6

7

8

9

10

11

12

13

CC

1

CC

2

CC

3


image90.gif




image91.gif
8
W




image92.gif
WS
£





image93.gif
A g WA g DA
F e 16 Ykt





image7.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13

symbol

MO

Span {(2,2), (4,3), (7,3)}

CC 0: (7,3) cell

CC 1: (7,3) cell

0 1 2 3 4 5 6 7 8 9 10 11 12 13

symbol

MO

Span {(2,2), (4,3), (7,3)}

0 1 2 3 4 5 6 7 8 9 10 11 12 13

symbol

MO

Span {(2,2), (4,3), (7,3)}

CC 0: (7,3) cell

CC 1: (7,3) cell

0 1 2 3 4 5 6 7 8 9 10 11 12 13

symbol

MO

Span {(2,2), (4,3), (7,3)}

Span 1

Span 1 Span 2

Span 2

Span 1

Span 1

Span 2

Span 2

(a)

(b)


image94.gif
-~




image95.gif




image96.gif
IR D
N st




image97.png
Symbol 0.1 2 3.4 5678910111213
ccl |
ce2 |
cc3 ] | |





image98.png
Symbol 0 123 4.5 6 7 8910111213
ccl
ce2
s I





Microsoft_Visio_Drawing111111111.vsdx
0
1
2
3
4
5
6
7
8
9
10
11
12
13
symbol
MO
Span
{(2,2), (4,3), (7,3)}
CC 0: (7,3) cell
CC 1: (7,3) cell
0
1
2
3
4
5
6
7
8
9
10
11
12
13
symbol
MO
Span
{(2,2), (4,3), (7,3)}
0
1
2
3
4
5
6
7
8
9
10
11
12
13
symbol
MO
Span
{(2,2), (4,3), (7,3)}
CC 0: (7,3) cell
CC 1: (7,3) cell
0
1
2
3
4
5
6
7
8
9
10
11
12
13
symbol
MO
Span
{(2,2), (4,3), (7,3)}
Span 1
Span 1
Span 2
Span 2
Span 1
Span 1
Span 2
Span 2
(a)
(b)



image99.png
Symbol 0.1 2 3.4 5678910111213
ccl |
cc2 |
cc3 ] | |





image100.png
Symbol 0 1. 2.3 4.5 6 7 8910111213
ccl
ce2
s I





image101.png
Symbol 0 1 2.3 4 5678910111213
ccl
cc2
cc3
cct
ccs





image102.png
Symbol 0 1 2.3 4 5678910111213
ccl
cc2
cc3
ccs
ccs





image103.png
Symbol 0 1 23 4567891011
ccl
cc2





image8.emf
48

48

8

8

Cell 1

Cell 2

CSS 1 CSS2

USS 1 USS 2

slot

30kHz, 2Cells 


image104.png




image105.png
Symbol 0 1 23 4567891011
ccl
cc2





image106.png




image107.png
-Start of Text Proposal on TS 38.213 v16.1.(

“10.1 UE procedure for determining physical downlink control
channel assignment

<Unchanged parts are omitted>.

Ifa UE is configured only with N2ji%, . downlink cells using Rel-16 PDCCH monitoring capability, and with

NEGEO of the N2, downlink cells using combination (¥, Y) for PDCCH monitoring, and having active DL
APLE eaprie

BWPs using SCS configuration 1, where o Nooiitys > N, a DL BWP of an activated cell is the active DL

BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by

lirstdctiveDownlinkBIVP-Td for the deactivated cell, the UE is not required to monitor more than Mypacy ™

[ NESRTE  Mppes ™ - NSO /£ N2 | PDCCH candidates or more than Gl
PTG | cmax (K0 o

[vep XN OO 51

DLy
ells " Copcch celarts L

cels e

] non-overlapped CCEs.

~_per span on the active DL BWP(s) of all scheduling cell(s) from the Ncvyo* downlink cells, if the union

of PDCCH monitoring occasions on all scheduling cell(s) from the N ;v downlink cells results to
PDCCH monitoring according to the combination (X, ),

-_per set of spans across the active DL BWP(s) of all scheduling cells from the N Jy;%12* downlink cells with
at most one span per scheduling cell for each set, otherwise,

ifthe-spans-on-all scheduling cells-from the-Nopioq 2 downlink cells- are-aligned-whete Niop 1 is @ number of

configured cells using Rel-16 PDCCH monitoring capability with SCS configuration . If a UE is configured with
downlink cells using both Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability, N




image108.png
cap-rié
Nedlerte:

is replaced by

For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration 4 of the

scheduling cell from the Ni+* downlink cells using combination (X, Y) for PDCCH monitoring more than

min( MR, Eotel(KV)4) pCCH candidates or more than min( Cpycii¥, L@ 4) non.overlapped
CCEs per span
A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of

monitored PDCCH candidates and non-overlapped CCEs per slot that exceed the corresponding maximum numbers
perslot.

For same cell scheduling or for cross-carrier scheduling where a scheduling cell and scheduled cell(s) have DL
BWPs with same SCS configuration 4 , a UE does not expect a number of PDCCH candidates, and a number of

corresponding non-overlapped CCEs per slot on a secondary cell to be larger than the corresponding numbers that
the UE is capable of monitoring on the secondary cell per slot.

<Unchanged parts are omitted>.

End of Text Proposal on TS 38.212-





Microsoft_Visio_Drawing2333222222.vsdx
48
48
8
8
Cell 1
Cell 2
CSS 1
CSS2
USS 1
USS 2
slot
30kHz, 2Cells



image9.jpeg
Symbol 0 1 2| 3| 4 5| 6 7| 8 9| 10| 11| 12| 13




image10.jpeg
Symbol 0] 1| 2{ 3| 4| 5/ 6 7| 8 9 10| 11| 12| 13

cc# | | | | |

cc#2 | | [ |





image11.jpeg
Symbol 0 1 2 3 4 5 6 7 8 9 10 11 12 13
CC#1
CC#2




image12.png
(=5

=5

iz
uss1 sz

a0k, 20a15

=3




image13.png
3

aeE

4.5 67 8 910111213

1

Y
\_J

3

Bl

1

[

/

Symbol

CCl
cc2
CC3
cCc4

5





image14.png
Symbol
cct
cc2
ccs

;





image15.png
Symbol
cct
cc2
ccs

L2 3 Ran Qn
|
\ | 1





image16.png
€C0: (7,3) cell

€C1:(7,3) cell

symbol 4 8 10| 11| 12| 13
MO
{(2,2),(43),(7,3)}| Span Span1l pan 2
symbol 1 \{ 8 §\ 10 12| 13
Mo
{(2,2),(43),(7,3)}| Span Span 1 Span2
N A





image17.png
Symbol 0 1 23 45 s 91011
ccl
ce2 @




image18.png




image19.png
Slotn

o
s}
s}

cc2

cc3

cca





oleObject3.bin

oleObject4.bin

Microsoft_Visio_Drawing111133333.vsdx
0
1
2
3
4
5
6
7
8
9
10
11
12
13
symbol
MO
Span
{(2,2), (4,3), (7,3)}
CC 0: (7,3) cell
CC 1: (7,3) cell
0
1
2
3
4
5
6
7
8
9
10
11
12
13
symbol
MO
Span
{(2,2), (4,3), (7,3)}
0
1
2
3
4
5
6
7
8
9
10
11
12
13
symbol
MO
Span
{(2,2), (4,3), (7,3)}
CC 0: (7,3) cell
CC 1: (7,3) cell
0
1
2
3
4
5
6
7
8
9
10
11
12
13
symbol
MO
Span
{(2,2), (4,3), (7,3)}
Span 1
Span 1
Span 2
Span 2
Span 1
Span 1
Span 2
Span 2
(a)
(b)



image20.emf
Cell 1 (2,2)

0        1 2       3 4        5 6       7 8       9 10     11 12       13

Cell 2 (4,3)

Cell 3 (4,3)

Symbol 

boundary of 

Cell 1 

Symbol 

boundary of 

Cell 2 

Symbol 

boundary of 

Cell 3


Microsoft_Visio_Drawing1222344444.vsdx
Cell 1 (2,2)
0        1
2       3
4        5
6       7
8       9
10     11
12       13
Cell 2 (4,3)
Cell 3 (4,3)
Symbol boundary of Cell 1
Symbol boundary of Cell 2
Symbol boundary of Cell 3



image21.png
cc1
(XY)=(2,2), u

cc2

cc3

Bitmap, b(l)

The determined
DL-sub-slot pattern

>
e
N X
&\‘\C\ A &©
xe® 59%‘\%
XS e
X X
‘0""\0 (,(}% OV Ps
% 0
SNt
o Y 3
K





image22.png
slot

span span span span span span span
cc#2 :
o =(2.2). 1 ] cc#3
ccua
ceHs

Bitmap, b(l) | 1 /> 0 1} o1 / 0 1] o1 / o1 ] o1 ] 0

meme T T

DL-sub-slot pattern x .
AU WL (NN O\ JE U NP N
© - NS O\ O\ N O\t
£ L s‘?’b“ o ‘0"’\0 & "Qa:\)‘o's\ £ o9 Y 593‘\5\3‘0’3 Q% S\)‘o"’ Q"“\S ‘0""\0
x© o P}O oV 2y N x O 9 S e.&o 0\;5 e.&o Ve & [9 o o)
e’ X‘;‘o e® 2';5\6 e (e ® L e’ L e GO e 4
& \ W o o W




image23.wmf
m

DL,

r16

cells,

N


oleObject5.bin

oleObject6.bin

image24.wmf
m

DL,

r16

cells,

N


oleObject7.bin

image25.wmf
r16

-

cap

cells

1

0

DL,

r16

cells,

N

N

>

å

=

m

m


oleObject8.bin

image26.wmf
m

Y),

(X,

total,

PDCCH

C


oleObject9.bin

oleObject10.bin

oleObject11.bin

image27.emf
Cell1 (2,2)

0        1 2       3 4       5 6       7 8       9 10     11 12       13

Cell2 (4,3)

Cell3 (4,3)

Span 1

Span 7


Microsoft_Visio_Drawing3444455555.vsdx
Cell1 (2,2)
0        1
2       3
4       5
6       7
8       9
10     11
12       13
Cell2 (4,3)
Cell3 (4,3)
Span 1
Span 7



image28.png
NP

e




image29.png
Newri§
piry




image30.png
NP

e




image31.png
Newri§
piry




image32.jpeg
symbol 0 4 5 6.7 8 9101 1213

cc173) |
cc2(73) ] ==





image33.gif
y "IN d
W il




image34.png
DL CCY).
Neetissts





image35.png
DL CCY).
Neetissts





image36.png
Symbol 0 1 2.3 4 5678910111213
ccl
cc2
cc3
ccs
ccs





image37.png
Symbol 0 1 23 4567891011
ccl
cc2





image38.png
Symbol 0.1 2 3.4 5678910111213
ccl |
cc2 |
cc3 ] | |





image39.png
Symbol 0 1. 2.3 4.5 6 7 8910111213
ccl
cc2
sl I





image40.gif
prILE ]
¥ o oilt;




image41.gif




image42.gif




image43.gif




image44.png




