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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The email discussion is to discuss the remaining issues on DCI format design.  
[bookmark: OLE_LINK5][bookmark: OLE_LINK6] [103-e-NR-L1enh-URLLC-01] Email discussion/approval on remaining issues on enhanced PDCCH monitoring capability – Chengyan (Huawei)
· Issue B-1: Time variation of “aligned” status for PDCCH spans across DL cells
· Issue B-2: Whether to apply M-TRP on the Rel-15 cells for case 3
· Discussion and decision by 10/29, TPs by 11/5
This document summarizes the details of the discussions on the above issues in section 2. Please note that section 7 provides the summary of outcome under this email discussion.  
Enhanced PDCCH monitoring capability 
This section summarize the issues on enhanced PDCCH monitoring capability. 
Issue B-1: Time variation of “aligned” status for PDCCH spans across DL cells
The following text has been captured in section 10 of TS38.213. 
	A UE can indicate a capability to monitor PDCCH according to one or more of the combinations  = (2, 2), (4, 3), and (7, 3) per SCS configuration of  and . A span is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE monitors PDCCH on a cell according to combination , the UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of  symbols between the first symbol of two consecutive spans, including across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a last symbol where a PDCCH monitoring occasion ends, where the number of symbols of the span is up to . 
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  defined in Table 10.1-2A and Table 10.1-3A. The UE expects to monitor PDCCH according to the same combination  in every slot on the active DL BWP of a cell.

…
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by .



In the RAN1#102-e meeting, the following proposal was discussed but no consensus was achieved.
	· A UE doesn’t expect slot-dependent aligned spans vs. unaligned spans variation, i.e. either aligned spans or unaligned spans for all slots.   



Some companies provide further views in the contributions for RAN1#103-e, and the related to issues are summarized as below: 

Question 1: Interpretation of the allowed gNB configuration 

Based on the discussion in RAN1#102-e, it seems most companies agree with the principle of the proposal above, however it was not agreed due to different understanding of the allowed gNB configuration. 

· Interpretation 1: All three cases below allowed assuming both case 2 and case 3 belongs to unaligned span case 
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· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Support: Intel, Ericsson, Vivo 

· Pros: 
· No limitation of network configuration 
· Cons: 
· Slot-dependent aligned spans vs. unaligned spans variation may happen at the UE side, which is not desirable from UE implementation perspective  

· Interpretation 2: Only case 1 and case 2 are allowed 
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· Pros: 
· Ensure no slot-dependent aligned spans vs. unaligned spans variation at the UE side
· Cons: 
· Limitation of network configuration 

Feature lead: It seems most companies agree that interpretation 1 is better from the configuration flexibility perspective, unless we cannot achieve consensus on how to address the UE complexity concern at the UE side, I would suggest not consider interpretation 2 at this stage.  

Question 2: Solutions to allow interpretation 1 above while address the complexity concern at the UE side  

To leave the flexibility on configuration and also address the UE complexity on determining aligned span and unaligned span, the following options are considered:

· Option 1: Network sends RRC signaling concerning the CCs at the same numerology and (X,Y) indicates “aligned span” or “unaligned span” designation to a UE

· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Support: Apple 

· Feature lead: 
· Pros: Reduced UE complexity and relaxing the limitation of gNB configuration 
· Cons: The RRC signaling structure (e.g. the groups of cells needs to be indicated) may depend on the search space configuration on the cells   

· Option 2: define a small set of reference slot(s) (e.g., N slots) to determine whether the spans are aligned or unaligned for CA, where N is less than the maximum PDCCH monitoring periodicity in the configured search space sets, e.g., N=1 or 2

· Support: Ericsson, Vivo,  

· Feature lead: 
· Pros: Reduced UE complexity and relaxing the limitation of gNB configuration to some extent
· Cons: gNB still needs to ensure aligned or unaligned case within the reference slots, therefore still some limitation at the gNB side  

· Option 3: Determine the combination (X, Y) using synthetic monitoring occasions  
· Support: 

· Endorse the following text proposal for TS 38.213 Section 10.
	10	UE procedure for receiving control information
*** Unchanged text is omitted ***
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations  = (2, 2), (4, 3), and (7, 3) per SCS configuration of  and .  A span is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE monitors PDCCH on a cell according to combination , the UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a last symbol where a PDCCH monitoring occasion ends assuming a PDCCH monitoring occasion exists in all slots if it exist in any slot, where the number of symbols of the span is up to Y. 
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  defined in Table 10.1-2A and Table 10.1-3A. The UE expects to monitor PDCCH according to the same combination  in every slot on the active DL BWP of a cell.
*** Unchanged text is omitted ***



· Endorse the following text proposal for TS 38.213 Section 10.1.
	10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged parts are omitted>
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols assuming a PDCCH monitoring occasion exists in all slots on a scheduling cell if it exist in any slot on the scheduling cell, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with SCS configuration . If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by .
<Unchanged parts are omitted>




[bookmark: OLE_LINK17]Please provide your views on the above options. If you have other solutions, please indicate here also. 
	Company
	View

	ZTE
	Option 3 is under assumption that the same span pattern repeats in every slot. So, if a UE doesn’t support different span patterns for different slots, we prefer Option 3 which aligns the definition in FG 3-5b. 
If a UE supports different span patterns for different slots, we prefer Option 1 or simply go for Interpretation 2 (Case 3 is not allowed). 

	Quectel
	We share same view as ZTE.

	CATT
	We prefer option 3. Agree with the insights from FL.  For the proposed TP, the first change seems not relevant to the CA case. The second part is sufficient. 

Feature lead>> Since the procedure to determine aligned or unaligned case is to determine combination (X, Y) for each cell first, and then determine whether a certain group of cells with the same combination (X, Y) meet aligned or unaligned, it would be good to use the same rule for both single carrier case and CA case for determining whether to meet combination (X, Y). 

	Samsung
	OK in principle for option 2 with N=1 or option 3. Text can be discussed later.
Option 1 is not currently possible. 
Option 2 is OK for N=1 – i.e. UE checks in one slot whether ‘aligned’ or ‘non-aligned’ and assumes same outcome in all other slots. 
Option 3 seems similar to option 2 for N=1. 

	Spreadtrum
	Option3.
It is same as FG 3-5b and would be good to use the unified method to generate span patterns.

	HW/HiSi
	For Question 1, 
We agree on interpretation 1 and the underlying problem is how to assess whether CCs are aligned or not (see question 2).
For Question 2:
Option 3: We are supportive of Option 3. The “synthetic MOs” for each CC should be considered, which is ensured used with the proposed red text “assuming a PDCCH monitoring occasion exists in all slots on a scheduling cell if it exist in any slot on the scheduling cell”. (As ZTE pointed out this align with the definition in FG 3-5b). Then, according to the already existing text in the spec, the union over all MOs across all cells is constructed.

Option 1: We are not supportive of Option 1. This option requires a new RRC parameter, which should be avoided at this stage. Also, we have already defined rules a how to assess whether CCs are aligned or not. Even if a UE would be informed by a RRC parameter, the UE would still need to use these rules. From this perspective, it might be redundant to introduce a new RRC parameter for determination on aligned/un-aligned span case. On the other hand, if the intention with the RRC parameter is to replace the rules, then the UE and gNB still need to have the same understanding, when the UE has enough processing capacity to perform the scaling according to aligned spans. We are not sure if a new RRC parameter does solve this issue. 
Option 2: We are not supportive of Option 2. We think that the proponent’s original intention with this option is to allow more flexibility when allocating MO while still considering the CCs to be aligned. However, for UE complexity reasons, the number of reference slots suggested to be small. In this case, not much flexibility is allowed why there is still specification effort required. It would be much simpler to go with Option 3 instead.

	Nokia, NSB
	Option 3 
As noted by some companies above, Option 1 would require RRC changes (which should be out of question at this stage). Comparing Option 2 and Option 3, as HW pointed out Option 3 would be simpler. 

	Vivo
	We prefer Option 2 and we can agree on N=1 or 2.
For the aligned span case, it is expected that there would be aligned spans case for Rel-16 PDCCH monitoring capability in all slots considering complexity of UE implementation. 
For the unaligned span case, on the other hand, it is not necessary to restrict the spans in all slots are unaligned or the same, otherwise it would put limit on the network flexibility of configuration. Therefore, when UE determines unaligned spans case in the first N slots, there is no restriction for all the other subsequent slots.

	Qualcomm
	We prefer Option 3 if it means that the number of spans per slot and their locations are identical across all slots of a given carrier. 

Not sure what “assuming a PDCCH monitoring occasion exists in all slots on a scheduling cell if it exist in any slot on the scheduling cell” means. According to the response from HW, this is similar to the span formation for FG 3-5b. However, under FG 3-5b, some spans can be empty. Hence, the monitoring occasions do not need to be exactly the same in all slots. Some explanations could be helpful. 

Feature lead>> “assuming a PDCCH monitoring occasion exists in all slots on a scheduling cell if it exist in any slot on the scheduling cell” here is used for determining combination (X, Y) and determining whether aligned or unaligned for CA case as explained by Intel below, it doesn’t mean UE needs to do PDCCH monitoring in those empty spans. 

	Intel
	We are also fine with Option 2 with N = 1 or with Option 3. 
For Option 2, perhaps we could say “define a small set of reference number of slot(s) (e.g., N slots) to determine”?
Regarding Option 3, our understanding, similar to other above, is that it is implementing the “overlay/bitmap” based span-definition of FG #3-5b. To Qualcomm’s comment, our interpretation is that this assumption is for the purpose of determining (X,Y) combination and aligned vs. non-aligned characterization; it does not imply that there is actual PDCCH monitoring configured at the same symbols in every slot.

	DOCOMO
	We prefer Option 3. Share the same view with HW/HiSi. It is better to use the same method as FG3-5b for less spec effort and simplicity.

	Ericsson
	Option 2 is first preference. Option 1 is 2nd preference.
Option 3 is not acceptable. 
· For the TP for span definition of a single CC: it changes the span definition even for a single CC. By changing the span definition, it changes the selected (X,Y) if UE report multiple (X,Y). It is not acceptable to change span definition and (X,Y) selection rule at this late stage.
· For the TP for CA: the TP is not acceptable, since “monitoring occasion” phrase is used several times. The TP above makes all MO into synthetic monitoring occasion. This also completely changes the meaning of aligned span pattern in CA.
In summary, we cannot accept any proposal that changes the definition of span for a single CC, or aligned span for CA. At this stage, RAN1 task is only to provide a way to let UE know which way to follow (to monitor according to aligned or non-aligned) for CA case without checking MO in all slots.




Summary of the status for question 2 under issue B-1 based on first round email discussion  
· Option 1: Network sends RRC signaling concerning the CCs at the same numerology and (X,Y) indicates “aligned span” or “unaligned span” designation to a UE
· Support: Apple, Ericsson (2nd preference) 

· Pros: Reduced UE complexity and relaxing the limitation of gNB configuration 
· Cons: 
· Need new RRC parameters
· The RRC signaling structure (e.g. the groups of cells needs to be indicated) may depend on the search space configuration on the cells   

· Option 2: define a small set of reference slot(s) (e.g., N slots) to determine whether the spans are aligned or unaligned for CA, where N is less than the maximum PDCCH monitoring periodicity in the configured search space sets, e.g., N=1 or 2
· Support: Ericsson, Vivo

· Pros: Reduced UE complexity and relaxing the limitation of gNB configuration to some extent
· Cons: gNB still needs to ensure aligned or unaligned case within the reference slots, therefore still some limitation at the gNB side  

· Option 3: Determine the combination (X, Y) using synthetic monitoring occasions  
· Support: ZTE, Quectel, CATT, Samsung, Spreadtrum, Huawei/HiSilicon, Nokia/NSB, Qualcomm, Intel, DOCOMO

· Pros: Reduced UE complexity and no limitation of gNB configuration 
· Cons: There might be empty span in some slot(s)

· Not acceptable: Ericsson
· Not acceptable to change span definition and (X,Y) selection rule at this late stage
· Feature lead: If I recall correctly, how to address whether to support same span pattern across slots or not was identified as the issue needs to be addressed when we agreed the TP as defined in the current specification, therefore changes if necessary should be allowed.    
   
· Makes all MO into synthetic monitoring occasion
· Feature lead: No change of PDCCH monitoring occasion, which is still determined based on the actual search space and CORESET configuration. Synthetic monitoring occasion here is only used for determining combination (X, Y) and whether aligned or un-aligned case for CA.

· Feature lead: Companies are encouraged to consider option 3 considering it is the majority view. Option 2 could work also though it still result in some configuration limitation at the gNB side.   

Question 3: Whether/how to set a time window for which a set of spans is considered for unaligned span case  

For the non-aligned case, as no time window is defined for the span set construction, a span set including two spans which are sufficiently separated in time domain (e.g., tens of slots) still needs to be checked. The number of span sets to be checked will be exponentially increased as the span pattern cannot repeat in a long time.

· Option 1: Limit the time window to one slot
· Support: Ericsson 

	
---------------------------------Start of Text Proposal on TS 38.213 v16.3.0-----------------------
10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged parts are omitted>
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans within a slot across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . 
<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on TS 38.213 v16.3.0------------------




· Option 2: Limit the time window to all spans that have overlapped symbols with a same X-symbol window
· Support: Quectel 

	< Unchanged parts are omitted >
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells fully or partially overlapped with a same X symbols， with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by .
< Unchanged parts are omitted >



Please provide your views on the above options. If you have other solutions, please indicate here also. 
	Company
	View

	ZTE
	Option 1 is preferred.

	Quectel
	We support Option 2.
Option 1 is in fact re-defining the Rel-15 slot-based CA PDCCH monitoring behavior by replacing the per-slot budget  with per combination (X,Y) budget , which is undesired and confusing for UE implementation.
On the other hand,  is a per-combination (X,Y) (or per X-symbol) budget rather than a per-slot budget, it does not make much sense to force a set of spans which are spreading over a slot to comply with a per X-symbol budget.
Option 2 is already conservative and safe enough. Option 1 is over-conservative and contradicting with Rel-15 slot-based CA PDCCH monitoring.

	CATT
	Option 2. Agree with Quectel’s comments.

	Samsung
	Option 2 – text can be simplified from “fully or partially overlapped with a same X symbols” to “within same X symbols”. 

	Spreadtrum
	Option1
We have back-to-back span patterns, they do not have overlapped symbols within a X-symbol window, but they may increase the complexity of UE implementation when handling the two closed monitoring occasions belong to different X-symbol windows. 

	HW/HiSi
	Support Option 1. Agree with comment from Spreadtrum. 

	Nokia, NSB
	Option 2, as Samsung pointed out the details of the text can still be discussed later on 

	Vivo
	Option 1
Similar to Spreadtrum’s views. The back-to-back span patterns can be configured by gNB. If only check non-aligned span case with a same X-symbol window, it  may increase the complexity of UE implementation. 

	Qualcomm
	Option 1.

	Intel
	If we go with Option 3 in response to Question 2, then is the addition per Option 1 or Option 2 necessary? Do we not get a repeating pattern in terms of “span pattern” determination (that repeats every slot)? If so, then the UE can just consider the situation within a slot duration as the time window to check against BD/CCE limits.
While the constraint would not do any harm if we agree to Option 3 in response to Question 2, but for other cases, neither of the options in response to current question seem to address the UE complexity issue due to the “back-to-back” effect. Just like Spreadtrum and supporters of Option 1 have pointed out the shortcoming of checking per “X symbols”, the same issue exists across slot boundaries, unless we go with Option 3 in response to Question 2 (since there is no guarantee that the span pattern repeats every slot).
On the other hand, even without Option 3 for Question 2, we are now wondering if any “time window” definition is necessary. The second bullet says that the UE does not expect the sum limits across spans across carriers do not exceed the specified limit, for a given configuration. With such a guarantee, why the UE needs to check over a long horizon for potential violation? Is this not similar in spirit as the reason why we agreed to no overbooking for spans beyond the first span in a slot for a primary cell? That is, the UE does NOT need to count the configured number of candidates against the specified limits for spans other than the first span in a slot in primary cells.
Thus, in summary, it is not clear if we need to define any time window for the second bullet at all.

	Quectel2
	We’d like to provide two examples to explain the motivation for a time window and the difference between Option 1 and Option 2. 
Example 1:
Since (X,Y) = (7,3) results in a larger BD and CCE limit, the UE monitors PDCCH on the cell according to (X,Y)=(7,3) in every slot.


Rel-15 slot-based CA PDCCH monitoring: a set of spans {CC1 #0, CC1#1, CC2#0, CC2#1, CC3#0, CC3#1} within slot j across carriers can share  BDs, dynamic sharing is supported among the set of spans. Only one set of spans is checked per slot.
Rel-16 span-based CA PDCCH monitoring without a window: According to current specification, all possible span sets {CC1 #0, CC2#0, CC3#0}, {CC1 #0, CC2#0, CC3#1},  {CC1 #0, CC2#0, CC3#2},  {CC1 #0, CC2#0, CC3#3}, {CC1 #1, CC2#0, CC3#0}, {CC1 #1, CC2#0, CC3#1},  {CC1 #1, CC2#0, CC3#2},  {CC1 #1, CC2#0, CC3#3},….. need to be checked. Even though the UE may understand that many span sets (e.g, with spans across tens of slots) are irrelevant given the repeated span pattern, the UE has to check all span sets according to current specification due to the absence of a time window for span set construction.
Option 1 (time window length of a slot): Span sets {CC1 #0, CC2#0, CC3#0}, {CC1 #0, CC2#0, CC3#1},  {CC1 #0, CC2#1, CC3#0},  {CC1 #0, CC2#1, CC3#1}, {CC1 #1, CC2#0, CC3#0}, {CC1 #1, CC2#0, CC3#1},  {CC1 #1, CC2#1, CC3#0},  {CC1 #1, CC2#1, CC3#1} are valid sets to be checked in slot j.
Option 2 (time window length of X-symbol): span sets {CC1 #0, CC2#0, CC3#0}, {CC1 #1, CC2#1, CC3#1} need to be checked in slot j.

Example 2:
The UE monitors PDCCH on the cell according to (X,Y)=(4,3) in every slot.


Rel-15 slot-based CA PDCCH monitoring: a set of spans {CC1 #0, CC1#1, CC1#2, CC2 #0, CC2#1, CC2#2, CC3 #0, CC3#1, CC3#2} in slot j across carriers can share  BDs, dynamic sharing is supported among the set of spans. Only one set of spans is checked in slot j.
Option 1 (time window length of a slot): span sets {CC1 #0, CC2#0, CC3#0}, {CC1 #0, CC2#0, CC3#1}, {CC1 #0, CC2#0, CC3#2}, {CC1 #0, CC2#1, CC3#0}, {CC1 #0, CC2#1, CC3#1},  {CC1 #0, CC2#1, CC3#2},  {CC1 #0, CC2#2, CC3#0}, {CC1 #0, CC2#2, CC3#1},  {CC1 #0, CC2#2, CC3#2}, {CC1 #1, CC2#0, CC3#0}, {CC1 #1, CC2#0, CC3#1}, {CC1 #1, CC2#0, CC3#2}, {CC1 #1, CC2#1, CC3#0}, {CC1 #1, CC2#1, CC3#1},  {CC1 #1, CC2#1, CC3#2},  {CC1 #1, CC2#2, CC3#0}, {CC1 #1, CC2#2, CC3#1},  {CC1 #1, CC2#2, CC3#2}, {CC1 #2, CC2#0, CC3#0}, {CC1 #2, CC2#0, CC3#1}, {CC1 #2, CC2#0, CC3#2}, {CC1 #2, CC2#1, CC3#0}, {CC1 #2, CC2#1, CC3#1},  {CC1 #2, CC2#1, CC3#2},  {CC1 #2, CC2#2, CC3#0}, {CC1 #2, CC2#2, CC3#1},  {CC1 #2, CC2#2, CC3#2} need to be checked in slot j, with each set of spans limited by  BDs. 
Option 2 (time window length of X-symbol): span sets {CC1 #0, CC2#0, CC3#0}, {CC1 #1, CC2#1, CC3#0},{CC1 #1, CC2#1, CC3#1},{CC1 #2, CC2#2, CC3#1},{CC1 #2, CC2#2, CC3#2} need to be checked in slot j with each set of spans limited by  BDs. 

In our understanding, Option 2 can avoid checking irrelevant span sets (e.g, {CC1 #0, CC2#1, CC3#2} in Example 2) so that yielding more scheduling flexibility and reducing UE complexity. Partially overlapping with the time window for the span set construction for Option 2 is necessary, for instance, span set {CC1 #0, CC2#0, CC3#0} rather than span set {CC1 #0, CC2#0} is checked in Example 2. This is critical to address the back-to-back issue.

	Ericsson
	Option 1. 
We are open to discuss further Option 2. However, existing TP is inadequate, since it’s missing the description of start & end points of the ‘same X symbol’. Is this meant to be a sliding window or not?



Summary of the status for question 3 under issue B-1 based on first round email discussion  
· Option 1: Limit the time window to one slot
· Support: Ericsson, ZTE, Spreadtrum, Huawei/HiSilicon, Vivo, Qualcomm, Ericsson

· Feature lead: 1) As commented by some companies, it may cause confusing between Rel-15 capability and Rel-16 capability; 2) It cannot ensure the set of spans cross slot boundaries.  
  
· Option 2: Limit the time window to all spans that have overlapped symbols with a same X-symbol window
· Support: Quectel, CATT, Samsung (with editorial change to within same X symbols),  Nokia

· Reasons:
· Option 1 is in fact re-defining the Rel-15 slot-based CA PDCCH monitoring behavior by replacing the per-slot budget  with per combination (X, Y) budget , which is undesired and confusing for UE implementation.
·  is a per-combination (X,Y) (or per X-symbol) budget rather than a per-slot budget, it does not make much sense to force a set of spans which are spreading over a slot to comply with a per X-symbol budget

· Feature lead: If the location of the X-symbol is fixed, then back-to-back issue exists as commented by some companies. If the X-symbol is a sliding window, then it will increase the UE complexity also. 

· Neither one is needed: Intel
· UE actually doesn’t need to check if the limit exceeds or not, UE just needs to assume that the limit won’t exceed. 
· Feature lead: Intel has a valid point here, similar as overbooking UE doesn’t need to check whether a set of spans exceed the limit or not. 

· Feature lead recommendation: No further consideration on this issue. Firstly, as Intel commented, UE actually doesn’t need to check if the limit exceeds or not for a certain set of spans, therefore the motivation for defining the window doesn’t exist. Secondly, it seems none of the above options are agreeable to all. 

Issue B-2: Whether/how to extend Rel-16 PDCCH monitoring capability to multi-TRP case whether to apply M-TRP on the Rel-15 cells for case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured)      
[bookmark: OLE_LINK20]A common understanding in the RAN1 #101 email discussion is that there is no need to extend the M-TPR in Rel-16 MIMO with Rel-16 PDCCH monitoring capability [4] because all enhancements for reliability (URLLC) are through single-DCI based operations (assuming ideal backhaul) in M-TRP operation, which does not require any modification of Rel-15 spec on monitoring capability. However whether the M-TPR in Rel-16 MIMO can be extended to only the Rel-15 cells in CA case 3 (mixed Rel-15 and Rel-16 monitoring capabilities) is not clear.
· [bookmark: _Hlk54671252]Interpretation 1: M-TPR in Rel-16 MIMO can be extended to only the Rel-15 cells in CA case 3. 
· Support: ZTE, Samsung, Quectel

· Interpretation 2: M-TPR in Rel-16 MIMO cannot be extended to the Rel-15 cells in CA case 3. 
· Support:  Quectel (ok), Huawei/HiSilicon, ZTE (can accept)  

From feature view: It seems we need to discuss this issue in order to make the specification clear. However, more views are needed before making any proposal here. 
  
Please indicate which interpretation do you prefer and please also provide your reasons also. 
	Company
	View

	ZTE
	We are fine with both interpretations while slightly prefer Interpretation 1. Because, at least the cells configured with Rel-15 PDCCH monitoring capability in CA case 3 can be configured with two values of CORESETPoolIndex to improve throughput for eMBB with Multi-DCI based M-TRP.

	Quectel
	Either way is OK for us generally. We slightly prefer Interpretation 2 for the reasons:
· Less or no change to existing specification. We need to carefully check every detail of the specification to not miss anything if we go with Interpretation 1, which may raise more discussions at this late stage;
· The use cases of Interpretation 1 are not clear and lack of justifications.

	CATT
	Interpretation 2.

	Samsung
	Interpretation 1 – because it does not make sense to preclude M-TRP for a UE (for eMBB services) just because the UE also supports URLLC. Rel-15/Rel-16 PDCCH monitoring are orthogonal in the specs and no other issue exists.

	Spreadtrum
	Interpretation 2. It is not preclude M-TRP, only preclude M-DCI scheduling with M-TRP transmission. Single-DCI still can be used for the Rel-15 cells if they support M-TRP.
Interpretation 1 is trying to combine M-DCI scheduling together with span based PDCCH monitoring. M-DCI scheduling typically used in non-coherent joint transmission especially non-ideal backhaul scenario. From our view, we do not understand that why M-DCI scheduling and span based PDCCH monitoring should be simultaneously configured.

	HW/HiSi
	Interpretation 2.
In our view this interpretation is simpler for the network operation. What seems under discussion here is a joint feature that M-TRP is extended to only Rel-15 cells for Case 3 (mixed PDCCH monitoring). We have not had this discussion about joint features earlier. To start it now seems risky and might have impact that we cannot foresee. 
For example, a UE can support multiple combinations of Rel15/Rel-16 PDCCH monitoring capability. In case the gNB wants to change the capability combination for the mixed monitoring (i.e. changing the number of supported Rel-15 cells), the other TRP would also be impacted if this kind of operation should be supported. 
Another issue is out-of-order scheduling, it is supported when Multi-DCI-based M-TRP is enabled, but it is not supported in URLLC. If M-TRP in Rel-16 MIMO can be extended to only the Rel-15 cells in CA case 3, it needs further discussion on whether to support out of order in such case.

	Nokia/NSB
	Interpretation 2
Reasoning: Clearly from feature support, as e.g. pointed out by Samsung, Interpretation 1 would be preferable (i.e. why to restrict by specification if no other issues). But at the same time we do agree with the comment by Huawei about OoO HARQ operation (which would still need to be clarified). 

If OoO HARQ would then also be supported for Interpretation 1 (i.e. joint decision of Interpretation 1 & support of OoO HARQ), we would be fine with Interpretation 1. 

	Vivo
	Interpretation 2 is preferred. It should be clarified whether other issues exist when two features are configured simultaneously. 

	Intel
	While we understand the motivation from a spec perspective to allow for combinations as in Interpretation 1 in view of reduced coupling between “eMBB” and “URLLC” configurations and that from perspective of PDCCH monitoring, the R15 and R16 cells could be independent, we are a bit concerned with potential coupling due to other associated scheduling/HARQ procedures. 
Hence, Interpretation 2 is preferred considering we are well beyond usual maintenance phase for Rel-16. There seems to be potential new issues and combinations (examples of discussions already visible above) that could be brought up, while a strong motivation may not necessarily exist for such combinations from a practical use-case perspective. Thus, we prefer not to agree to combination just from a PDCCH monitoring perspective and then having to devise additional conditions/constraints to manage potential coupling and issues.

	DOCOMO
	Interpretation 2. As other companies raised, some spec impacts will be required such as out-of-order operation, while Interpretation 1 brings more flexible configuration/operation. Considering the limited time in the late stage, Interpretation 2 would be better.

	Ericsson
	Interpretation 2



Note that once we have agreement here, we can further discuss the potential TP for this issue. 

Summary of the status for issue B-2 based on first round email discussion  
· Interpretation 1: M-TPR in Rel-16 MIMO can be extended to only the Rel-15 cells in CA case 3. 
· Support: ZTE, Samsung, Quectel, 

· Reasons:
· Does not make sense to preclude M-TRP for a UE (for eMBB services) just because the UE also supports URLLC

· Interpretation 2: M-TPR in Rel-16 MIMO cannot be extended to the Rel-15 cells in CA case 3. 
· Support:  Quectel, Huawei/HiSilicon, ZTE, CATT, Spreadtrum, Nokia, Vivo, Intel, DOCOMO, Ericsson     

· Reasons:
· The combination would not only impact the PDCCH monitoring capability, but also other aspects like scheduling/HARQ procedures, e.g. whether to support out-of-order scheduling. 
· May result in more issue to be addressed, while seems not strong motivation to support this feature. 
· For case 3, the candidate values for pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 are set assuming Rel-15 similar PDCCH monitoring capability for Rel-15 cells, which may not be applied if we go to interpretation 2, because M-DCI multi-TRP PDCCH monitoring capability may be double of Rel-15 capability also.   
· It is not preclude M-TRP, only preclude M-DCI scheduling with M-TRP transmission. Single-DCI still can be used for the Rel-15 cells if they support M-TRP.

· Feature lead: Recommend to take interpretation 2 based on the above discussion, and also interpretation 2 is the majority view. 

Proposals for the second round email discussion 
The section summarize the potential proposals for the second round email discussion based on the inputs from the first round email discussion. 
Issue B-1: Time variation of “aligned” status for PDCCH spans across DL cells

Question 2: Solutions to allow interpretation 1 above while address the complexity concern at the UE side 
Summary of the status for question 2 under issue B-1  
· Option 1: Network sends RRC signaling concerning the CCs at the same numerology and (X,Y) indicates “aligned span” or “unaligned span” designation to a UE
· Support: Apple, Ericsson (2nd preference) 

· Pros: Reduced UE complexity and relaxing the limitation of gNB configuration 
· Cons: 
· Need new RRC parameters
· The RRC signaling structure (e.g. the groups of cells needs to be indicated) may depend on the search space configuration on the cells   

· Option 2: define a small set of reference slot(s) (e.g., N slots) to determine whether the spans are aligned or unaligned for CA, where N is less than the maximum PDCCH monitoring periodicity in the configured search space sets, e.g., N=1 or 2
· Support: Ericsson, Vivo
· Not acceptable: Samsung, Intel, Apple

· Pros: Reduced UE complexity and relaxing the limitation of gNB configuration to some extent
· Cons: gNB still needs to ensure aligned or unaligned case within the reference slots, therefore still some limitation at the gNB side  

· Option 3: Determine the combination (X, Y) using synthetic monitoring occasions  
· Support: ZTE, CATT, Samsung, Spreadtrum, Huawei/HiSilicon, Nokia/NSB, Qualcomm, Intel, DOCOMO

· Pros: Reduced UE complexity and no limitation of gNB configuration 
· Cons: There might be empty span in some slot(s)

· [bookmark: OLE_LINK21]Not acceptable: Ericsson, Quectel
· Not acceptable to change span definition and (X,Y) selection rule at this late stage
· Feature lead: If I recall correctly, how to address whether to support same span pattern across slots or not was identified as the issue needs to be addressed when we agreed the TP as defined in the current specification, therefore changes if necessary should be allowed.    
   
· Makes all MO into synthetic monitoring occasion
· Feature lead: No change of PDCCH monitoring occasion, which is still determined based on the actual search space and CORESET configuration. Synthetic monitoring occasion here is only used for determining combination (X, Y) and whether aligned or un-aligned case for CA.

· Feature lead: Companies are encouraged to consider option 3 considering it is the majority view. Option 2 could work also though it still result in some configuration limitation at the gNB side.   

Proposal B-1 (i.e. option 3): 
· Endorse the following text proposal for TS 38.213 Section 10.
	10	UE procedure for receiving control information
*** Unchanged text is omitted ***
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations  = (2, 2), (4, 3), and (7, 3) per SCS configuration of  and .  A span is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE monitors PDCCH on a cell according to combination , the UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a last symbol where a PDCCH monitoring occasion ends assuming a PDCCH monitoring occasion exists in all slots if it exist in any slot, where the number of symbols of the span is up to Y. 
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  defined in Table 10.1-2A and Table 10.1-3A. The UE expects to monitor PDCCH according to the same combination  in every slot on the active DL BWP of a cell.
*** Unchanged text is omitted ***



· Endorse the following text proposal for TS 38.213 Section 10.1.
	10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged parts are omitted>
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols assuming a PDCCH monitoring occasion exists in all slots on a scheduling cell if it exist in any slot on the scheduling cell, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with SCS configuration . If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by .
<Unchanged parts are omitted>



Please comment if you have strong concern with the above proposal B-1 (i.e. option 3).  
	Company
	View

	Ericsson
	We object to the above proposal (Option 3). It is not possible for us accept such dramatic change to the span definition both for single CC and CA case at this late stage of maintenance. 
The proposal above degrade the Rel-16 PDCCH monitoring severely. It is incorrect that Option 3 does not impose restriction on gNB scheduling decision. It can dramatically change (X,Y) determination, and subsequently the BD and CCE limits can be severely reduced (e.g., reduced by 2/3 if (2,2) is used instead of (7,3)). Furthermore, for CA case, if a configuration that is deemed ‘aligned’ according to current 213 spec becomes ‘non-aligned’, then it requires more checking of BD/CCE combinations across spans of different CCs, and likely further reduction of BD/CCE limit for a given span on a given CC.
Example:
Current 213 spec allows the configuration below to be considered aligned with (X,Y)=(4,3).
[image: ]
However, Option 3 would cause this configuration to be called non-aligned and (X,Y)=(2,2).
[image: ]

We’d like to emphasize again that the only issue to be resolved is, the UE complexity on determining whether the slots are monitored in aligned or non-aligned manner in CA case, e.g., by considering only a single slot. Option 2 adequately resolves this issue without changing anything else. Given that such methods (Option 1 or Option 2) are readily available to resolve this issue without changing any of the basic definitions, we cannot accept Option 3.

	Quectel
	We do not support the TP proposed by FL. We have to admit that Ericsson raised a valid argument. The hypothetical MOs can only help determining whether spans are aligned or non-aligned, but without any other usefulness. On the contrary,  the hypothetical MOs will severely decrease the scheduling flexibility as pointed out by Yufei, and change the combination (X, Y) and types of span distribution (aligned or non-aligned). In our view, all the efforts we put on the aligned vs non-aligned discussion are motivated by allowing gNB can more flexibly configure BDs for a span. The hypothetical MOs may offset all scheduling gains we tried to achieve and even further degrade the flexibility. 

	
	

	
	




Question 1: To understand the situation better, if you strong concern with option 2 (i.e. define a small set of reference slot(s) (e.g., N slots) to determine whether the spans are aligned or unaligned for CA, where N is less than the maximum PDCCH monitoring periodicity in the configured search space sets, e.g., N=1 or 2), please indicate here also.  
	Company
	View

	Qualcomm
	We are not sure how this option works, and why it even is needed considering Option 3 is clear and simple. 
Feature lead> I tried to provide some more concrete description on option 2 below

	Quectel
	Share similar concern with QC. How to define the reference slot(s) may not be that easy if span pattern can vary slot by slot.




Question 1: To understand the situation better, if you have strong concern with option 2 (i.e. define 1 reference slot (e.g. the first slot which UE monitors PDCCH according to the lowest search space index of the lowest CC index) to determine whether the spans are aligned or unaligned for CA), please indicate here also.  
	Company
	View

	Feature lead
	Details can be found in Ericsson paper R1-2007703.Some key parts are copied here for your reference also.
==================
However, if there is a need to reduce the complexity further, it might be possible to define a limit on the maximum time duration to check whether the spans are aligned or unaligned for CA. For example, the UE may check only up to N slots (called ‘reference slots’), e.g., N=1 or 2, where the outcome is “aligned for CA” if the spans are aligned in all the reference slots, otherwise it is considered “unaligned for CA”. And this designation of “aligned for CA” or “unaligned for CA” should apply to all slots when considering the maximum number of monitored PDCCH candidates and non-overlapped CCEs per set of spans. That is, 
· If the search space set configurations for the relevant CCs results in aligned spans in all the reference slot, then the UE monitor PDCCHs across the CCs using the BD and CCE limits according to ”aligned for CA” over all slots;
· Otherwise, if the search space set configurations for the relevant CCs results in unaligned span(s) in any slots of the reference slots, then the UE monitor PDCCHs across the CCs using the BD and CCE limits according to ”unaligned for CA” over all slots.

Regarding the search space set configuration, if the designation outcome after checking the reference slots is found to be “aligned for CA”, gNB ensures that PDCCH monitoring occasions are configured such that the spans are aligned in every slot. On the other hand, if it is found to be “unaligned for CA”, PDCCH monitoring occasions across CCs for any other slots apart from the reference slots may or may not result to aligned spans. That is, it can still be aligned in some slots, but the UE will monitor PDCCHs across the CCs using the BD and CCE limits according to “unaligned for CA” for all slots. 
The reference slots can be based on certain slot indices (e.g., slot index=0) on a certain frame number (e.g., any frame with SFN mod 10 = 0) of a certain CC index (e.g., the lowest CC index) with a certain search space index. Fig. 2 and 3 below illustrate how the UE can use the reference slots to determine whether the spans are aligned or unaligned for the CA. 

[image: ]
Figure 2. Example where the search space set configurations result in aligned PDCCH monitoring spans across CC with (X,Y) = (7,3) in every slot. It is assumed that the figure illustrates the corresponding first slot where UE monitors PDCCH for each SS index.
For example, in Fig.2, assuming that the reference slot is defined as slot j (e.g., the first slot which UE monitors PDCCH according to the lowest search space index of the lowest CC index, CC1, in the example). In this case, the UE only checks the reference slot j and since the spans across CCs are aligned in the slot j, it determines the span alignment as ‘aligned for CA’. Thus, the UE monitor PDCCHs over all slots across the CCs using the BD and CCE limits according to ‘aligned for CA’. Here it is ensured that PDCCH monitoring occasions result in aligned spans for all slots. 

[image: ]
Figure 3. Example where the search space set configurations result in aligned PDCCH monitoring spans across CC with (X,Y) = (7,3) in slot j and j+2, but unaligned spans with (X,Y) =(7,3) in slot j+1 and j+3. It is assumed that the figure illustrates the corresponding first slot where UE monitors PDCCH for each SS index.
In Fig.3, assuming that the reference slot is defined as slot j+1 (e.g., the first slot which UE monitors PDCCH according to the second search space set of CC3 in the example). In this case, the UE checks the reference slot j+1 and since the spans across CCs are unaligned in the slot j+1, it determines the span alignment as ‘unaligned for CA’. Thus, the UE monitor PDCCHs over all slots across the CCs using the BD and CCE limits according to ‘unaligned for CA’. As illustrated, the UE only checks the span alignment of 1 slot across CCs to obtain the overall alignment designation over all slots. Here, spans across CCs in some other slots apart from slot j+1 may or may not be aligned. For example, slot j and (j+2) are aligned by themselves, and gNB does not need to manipulate them to become unaligned.
[bookmark: _Toc53770325]Define a small set of reference slot(s) (e.g., N slots) to determine whether the spans are aligned or unaligned for CA, where N is less than the maximum PDCCH monitoring periodicity in the configured search space sets, e.g., N=1 or 2.
==================


Feature lead: As explained above, option 2 here can work from reducing UE complexity perspective. The drawback is having some configuration restriction at gNB side in case it is unaligned case for CA, because UE only detects the reference slot to determine whether it is aligned or unaligned, then gNB has to ensure the configuration in the reference slot is unaligned, e.g. if the reference slot is the first slot, then the following case 3 is not allowed.  
[image: ]
That’s why some company comment that compared to option 2, they prefer to go to understanding 2 as below (i.e. gNB needs to ensure either aligned or unaligned across all slots) since anyway there is configuration limitation, which is simper from the specification perspective and also can reduce the UE complexity. 
[image: ]

	Intel
	We cannot accept Option 2 with this artificial definition of “reference slots” – “the first slot which UE monitors PDCCH according to the lowest search space index of the lowest CC index”. This is a much more significant change than Option 3 and would also lead to undesirable constraints on how MOs can be configured, SS sets may be indexed, etc., for both within and across component carriers. 
Also, it is not clear how such a “first slot” for the UE for the lowest indexed SS set in the lowest CC can be identified unambiguously, considering that different SS sets can have different periodicities and offsets within and across carriers. All of this, while still carrying most of the configuration burden and constraints in effect, similar to Option 3.

	Samsung 
	Basically, we think it would be sufficient for the UE to check any one slot – and is up to the NW implementation to ensure a suitable/consistent configuration of search space sets applies to every slots. A URLLC UE should not wait until a particular slot comes around in order to determine how it can scheduled and should not be checking every few slots. 
Overall, this is not an issue that needs to be overdesigned. However, since operation with unaligned spans has been specified and the specifications need to be completed (without placing undue requirements to a UE), the issue under discussion needs to be resolved. Option 3 is the simple way to do so.

	Apple
	The timing for the first slot within which the UE monitors PDCCH cannot be decided unambiguously, the procedure won’t be operable.

	Ericsson
	We acknowledge that some companies have concern on how to define reference lot(s). We are open to explore other ways to provide easy indication of aligned vs non-aligned span for CA, if desired. On the other hand, we are fine with no spec change, since the specification works.  UE just need to check the full search space periods across CCs if CA, and this checking can be done one time based on RRC configuration --- no real-time checking is required.

Still, we re-iterate that it is not possible for Ericsson to accept changes to the span definition both for single CC and CA case at this late stage of maintenance. It’s the result of ~8 moths of RAN1 debate and we cannot re-debate all aspects from the beginning. Procedure concern aside, there are so many technical issues with Option 3. Please, do not push an unessential change which degrades the system performance severely.

We disagree that Option 3 has existed since Rel-15. For single CC, Option 3 is not equivalent to FG 3-5b. It was a very long and convoluted debate why Rel-16 should not copy & paste FG3-5b. For CA, Rel-15 has no concept of aligned span nor non-aligned span at all.

	
	




Question 3: Whether/how to set a time window for which a set of spans is considered for unaligned span case  

Summary of the status for question 3 under issue B-1 based on first round email discussion  
· Option 1: Limit the time window to one slot
· Support: Ericsson, ZTE, Spreadtrum, Huawei/HiSilicon, Vivo, Qualcomm, Ericsson

· Feature lead: 1) As commented by some companies, it may cause confusing between Rel-15 capability and Rel-16 capability; 2) It cannot ensure the set of spans cross slot boundaries.  
  
· Option 2: Limit the time window to all spans that have overlapped symbols with a same X-symbol window
· Support: Quectel, CATT, Samsung (with editorial change to within same X symbols),  Nokia, Ericsson (with improved text)

· Reasons:
· Option 1 is in fact re-defining the Rel-15 slot-based CA PDCCH monitoring behavior by replacing the per-slot budget  with per combination (X, Y) budget , which is undesired and confusing for UE implementation.
·  is a per-combination (X,Y) (or per X-symbol) budget rather than a per-slot budget, it does not make much sense to force a set of spans which are spreading over a slot to comply with a per X-symbol budget

· Feature lead: If the location of the X-symbol is fixed, then back-to-back span issue exists as commented by some companies. If the X-symbol is a sliding window, then it will increase the UE complexity also. 

· Neither one is needed: Intel
· UE actually doesn’t need to check if the limit exceeds or not, UE just needs to assume that the limit won’t exceed. 
· Feature lead: Intel has a valid point here, similar as overbooking UE doesn’t need to check whether a set of spans exceed the limit or not. 

· Feature lead recommendation: No further consideration on this issue. Firstly, as Intel commented, UE actually doesn’t need to check if the limit exceeds or not for a certain set of spans, therefore the motivation for defining the window doesn’t exist. Secondly, it seems none of the above options are agreeable to all, especially there are issues for both option 1 and option 2 as given above. If we don’t define the time window, I feel the issue can be addressed by gNB implementations.  From gNB perspective, it knows it needs to avoid back-to-back spans issue either within a slot or across the slot boundary, and it should know no need to ensure a span set including two spans which are sufficiently separated in time domain not exceed the limit. 

Conclusion: No need to set a time window for which a set of spans is considered for unaligned span case.
Please comment if you have strong concern with the above conclusion. 
	Company
	View

	Ericsson
	Do not support above conclusion.
First, we disagree that the windows definition is not needed. We understand that a time window is needed for limiting what the “each set of spans” refer to.
“per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise”
Second, as we commented earlier, Ericsson can also support Option 2 with further clarification on the “set of X symbols”, for example, “where the sets of symbols are placed adjacent to each other within each slot, starting with symbol 0”. Add Ericsson to support list of Option 2.

Feature lead> As I commented above, no matter how to define the set of X symbols, there would be some problem. If the location of the X-symbol is fixed, then back-to-back span issue exists as commented by some companies. If the X-symbol is a sliding window, then it will increase the UE complexity also. If we don’t define this kind of window, it would be gNB implementation to ensure the limits not exceeded. From gNB perspective, it knows that as long as ensuring no back-to-back spans issue either within a slot or across the slot boundary, then it should be sufficient, no need to ensure a span set including two spans which are sufficiently separated in time domain not exceed the limit. In addition, the key problem right now is either option 1 or option 2 seems there is some problem. If we can find a good solution, then of course would be good to have.
Based on the previous discussion, for sure back-to-back span issue within a slot UE vendors would not accept it, whether they can accept back-to-back span across slots is not so clear to me, therefore probably I can check whether any strong concern to option 1 at this stage.  

	Quectel
	We disagree with FL’s judgement. We do not support the conclusion.
I understand this issue is more for gNB scheduling restriction. The UE may or may not check the span sets depending on implementation. However, even from gNB point of view, the current spec (as highlighted by Yufei above) is not acceptable. 
Firstly, the gNB cannot predict the BD distribution in a far future, e.g., after search space re-configuration, so how can the gNB guarantee that any set of spans comply with  BDs?
Secondly, a span configured with large number BDs will heavily impact the spans on other carriers which are not relevant at all (e.g., not in a same X-symbol window, not in a slot, or even not in a radio frame). Very stringent restrictions are imposed on the BD configuration for gNB, so severely decreasing the scheduling flexibility. This is very undesired. As PDCCH search space is semi-persistently configured, this case is a quite valid and typical case.
Two examples in the following to illustrate our concerns.


In our understanding, the case shown by Example 1, definitely, does not need to be considered for span set construction. However, the current spec does require the gNB to even take this case into account for BD configuration, e.g., a span set {CC1#0, CC2#3， CC3#3} is a valid span set to restrict gNB BD configuration according to current spec due to “each set of spans”. 


In Example 2, there are MOs configured on CC3 in slot j whereas no MOs configured in slot j+10 based on semi-persistent search space configuration. And also, 40 BDs are configured in each MO (i.e., CC3#0 and CC3#1) in slot j. To not exceed the budget (44 BDs assumed), only 2BDs are configured on each MO on CC1 or CC2. The impact of CC3#1 to the BD configuration for CC1 and CC2 will expand to slot j+10 or even later. As {CC1 #2, CC2 #2, CC3 #1} is a valid span set so the  BD restriction on the set of span should be respected. This leads to no more than 4 BDs that can be configured for CC1 #2 and CC2 #2 together. Obviously, this will very heavily restrict the scheduling flexibility of gNB, which is quite undesired.

Feature lead> Similar as the reply to Yufei above, no matter how to define the set of X symbols, there would be some problem. If the location of the X-symbol is fixed, then back-to-back issue exists as commented by some companies. If the X-symbol is a sliding window, then it will increase the UE complexity also. If we don’t define this kind of window, it would be gNB implementation to ensure the limits not exceeded. From gNB perspective, it knows that as long as ensuring no back-to-back spans issue either within a slot or across the slot boundary, then it should be sufficient, no need to ensure a span set including two spans which are sufficiently separated in time domain not exceed the limit. In addition, the key problem right now is either option 1 or option 2 seems there is some problem. If we can find a good solution, then of course would be good to have. 

Based on the previous discussion, for sure back-to-back span issue within a slot UE vendors would not accept it, whether they can accept back-to-back span across slots is not so clear to me, therefore probably I can check whether any strong concern to option 1 at this stage.  

	Ericsson 
	Quectel provided very nice pictures to illustrate --- thanks! I think the problem is quite clear. 
To make progress in this week, we can accept an intermediate proposal like below: 
Proposal
For CA unaligned span case, the BD/CCE limits are considered over a set of spans in a time window, where the time window duration is selected from two options below:
· Option 1: The time window duration is one slot
· Option 2: The time window duration is X symbols.

	
	




Question 2: Do you have strong concern if go with option 1 (i.e. Limit the time window to one slot)? 
	Company
	View

	Feature lead
	Ericsson and Quectel have strong concern if we don’t define any time window, therefore I would like to check if option 1 can be acceptable. 
As analyzed above, option 1 may result in back-to-back span issue across slots, i.e. UE won’t ensure a set of spans across slots not exceed the BD/CCE limit. It is not clear whether the cons can be acceptable or not. Therefore, if you have strong concern with option 1, please indicate it here asap, otherwise I would recommend to go with option 1.    

As to option 2, as mentioned above, if the location of the X-symbol is fixed, then back-to-back span issue exists as commented by some companies. If the X-symbol is a sliding window, then it will increase the UE complexity also.  

If we don’t define the time window as proposed by the conclusion above, I feel the issue can be addressed by gNB implementations.  From gNB perspective, it knows it needs to avoid back-to-back spans issue either within a slot or across the slot boundary, and it should know no need to ensure a span set including two spans which are sufficiently separated in time domain not exceed the limit.

	Intel
	To the other issue on time window – the gNB is configuring the SS sets, and it is well aware of all the configurations and when and how they overlap across CCs. The statement “gNB cannot predict the BD distribution in a far future” is not applicable nor correct. We cannot accept defining time window

	
	



Question 2-1: Do you have strong concern with the text proposal below (i.e. modified option 2)?
	
---------------------------------Start of Text Proposal on TS 38.213 v16.3.0-----------------------
10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged parts are omitted>

If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells within every  symbols, with at most one span per scheduling cell for each set of spans, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols based on the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . 

<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on TS 38.213 v16.3.0------------------



	Company
	View

	Feature lead
	Ericsson and Quectel have strong concern if we don’t define any time window, and considering it may result in back-to-back span across slot boundary for option 1 also, I do some modification based on option 2 as above. 

The drawback for the above modified option 2 is that “per set of spans within every X symbol” may give the impression that all the spans are fully included within the X symbol, do you feel there is any misunderstanding that the span with part of symbols included in the X symbol would be precluded? In theory, we need to include the spans with only part of symbols included in the X-symbol.  


	
	



Issue B-2: Whether/how to extend Rel-16 PDCCH monitoring capability to multi-TRP case whether to apply M-TRP on the Rel-15 cells for case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured)      

Summary of the status for issue B-2 based on first round email discussion  
· [bookmark: OLE_LINK22]Interpretation 1: M-TPR in Rel-16 MIMO can be extended to only the Rel-15 cells in CA case 3. 
· Support: ZTE, Samsung, Quectel, Qualcomm

· Reasons:
· Does not make sense to preclude M-TRP for a UE (for eMBB services) just because the UE also supports URLLC

· Interpretation 2: M-TPR in Rel-16 MIMO cannot be extended to the Rel-15 cells in CA case 3. 
· Support:  Quectel, Huawei/HiSilicon, ZTE, CATT, Spreadtrum, Nokia, Vivo, Intel, DOCOMO, Ericsson, Apple     

· Reasons:
· The combination would not only impact the PDCCH monitoring capability, but also other aspects like scheduling/HARQ procedures, e.g. whether to support out-of-order scheduling. 
· May result in more issue to be addressed, while seems not strong motivation to support this feature. 
· For case 3, the candidate values for pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 are set assuming Rel-15 similar PDCCH monitoring capability for Rel-15 cells, which may not be applied if we go to interpretation 2, because M-DCI multi-TRP PDCCH monitoring capability may be double of Rel-15 capability also.   
· It is not preclude M-TRP, only preclude M-DCI scheduling with M-TRP transmission. Single-DCI still can be used for the Rel-15 cells if they support M-TRP.

Feature lead: Recommend to take interpretation 2 based on the above discussion, and also interpretation 2 is the majority view.

Conclusion: M-DCI based M-TPR in Rel-16 MIMO is not applied to the Rel-15 cell(s) in CA case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured). 

Please comment if you have strong concern with the above conclusion. 
	Company
	View

	Qualcomm
	Added Qualcomm’s support for interpretation 1 above.

	
	



Proposals for the third round email discussion 
The section summarize the potential proposals for the third round email discussion based on the inputs from the second round email discussion. 
Issue B-1: Time variation of “aligned” status for PDCCH spans across DL cells

Question 2: Solutions to allow interpretation 1 (i.e. flexibility on search space configuration at the gNB side) while address the complexity concern at the UE side 

Summary of the status for question 2 under issue B-1  
· Option 2: define 1 reference slot (e.g. the first slot which UE monitors PDCCH according to the lowest search space index of the lowest CC index) to determine whether the spans are aligned or unaligned for CA)
· Support: Ericsson
· Not acceptable: Samsung, Intel, Apple, Qualcomm

· Pros: Reduced UE complexity and relaxing the limitation of gNB configuration to some extent
· Cons: 
· gNB still needs to ensure unaligned case within the reference slot, therefore still constraints on search space configuration at the gNB side  
· UE may need to wait for the reference slot to do the determination depending on the search space configuration

· Option 3: Determine the combination (X, Y) using synthetic monitoring occasions  
· Support: ZTE, CATT, Samsung, Spreadtrum, Huawei/HiSilicon, Nokia/NSB, Qualcomm, Intel, DOCOMO

· Pros: Reduced UE complexity and no limitation of Gnb configuration 

· Cons: There might be empty span in some slot(s)

· Not acceptable: Ericsson, Quectel

· Not acceptable to change span definition and (X,Y) selection rule at this late stage
· Feature lead: If I recall correctly, how to address whether to support same span pattern across slots or not was identified as the issue needs to be addressed when we agreed the TP as defined in the current specification, therefore changes if necessary should be allowed.    
   
· Makes all MO into synthetic monitoring occasion
· Feature lead: No change of PDCCH monitoring occasion, which is still determined based on the actual search space and CORESET configuration. Synthetic monitoring occasion here is only used for determining combination (X, Y) and whether aligned or un-aligned case for CA. It may result in a combination (X, Y) with smaller limits also.

· Feature lead: Companies are encouraged to consider option 3 considering it is the majority view. Option 2 could work also though it still result in some configuration limitation at the Gnb side.   

Proposal B-1 (i.e. option 3): 
· Endorse the following text proposal for TS 38.213 Section 10.
	10	UE procedure for receiving control information
*** Unchanged text is omitted ***
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations  = (2, 2), (4, 3), and (7, 3) per SCS configuration of  and .  A span is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE monitors PDCCH on a cell according to combination , the UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a last symbol where a PDCCH monitoring occasion ends assuming a PDCCH monitoring occasion exists in all slots if it exist in any slot, where the number of symbols of the span is up to Y. 
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  defined in Table 10.1-2A and Table 10.1-3A. The UE expects to monitor PDCCH according to the same combination  in every slot on the active DL BWP of a cell.
*** Unchanged text is omitted ***



· Endorse the following text proposal for TS 38.213 Section 10.1.
	10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged parts are omitted>
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols assuming a PDCCH monitoring occasion exists in all slots on a scheduling cell if it exist in any slot on the scheduling cell, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with SCS configuration . If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by .
<Unchanged parts are omitted>



Please comment if you have strong concern with the above proposal B-1 (i.e. option 3).  
	Company
	View

	Feature lead 
	Since there is strong concern on both option 2 and option 3, here the proposal based on the majority view (i.e. option 3) is still given. Hopefully it can be acceptable to companies, anyway we need to find a way to solve the issue. I feel even delay to next meeting, probably still we cannot find a solution to address the concern from both sides, and especially the discussion here would have impact on the UE feature discussion also. However, if you feel leaving more time would be helpful, please share also. 
Note: More details on option 2 and option 3, please go check section 3. 

	Ericsson
	First, please add “Option 4: No specification change.” Ericsson supports Option 2 and Option 4. 
Second, Ericsson objects to Option 3 due to the substantial technical issues. 
We don’t agree with the pros and cons listed above for Option 2 and Option 3. 
For Option 2 cons bullets:
· Regarding the limitations for gNB scheduling constraints, 
· the following should be added to Option 3 cons: “If the spans are considered unaligned across CCs, gNB needs to ensure unaligned case across all slots, therefore imposing significant constraints on search space configuration at the gNB side”
· the following should be added to Option 2 Pros: “If the spans are considered unaligned across CCs, gNB only need to ensure unaligned case in the reference slot (1 slot instead of all slots for Option 3)”
· Regarding “UE may need to wait for the reference slot”: Delete. This is incorrect understanding. The UE does not need to wait for anything. Based on the search space configurations, the UE can mathematically obtain the span for the reference slot offline (e.g., based on periodicity, offset) without waiting for the reference slot to actually happen. 
For Option 3, add the following to cons:
· For single CC case and CA case without scaling, Option 3 make many configurations invalid, although they are valid under existing configuration. See example 1 below.
· For single CC case and CA case without scaling, Option 3 causes a smaller (X,Y) to be used. Smaller (X,Y) lead to the BD/CCE limit to be reduced by ½ or 2/3 for each span. See example 2 below, where (7,3) gives CCE limit=56 and BD limit=44; but (2,2) gives CCE limit=18 and BD limit=14 for SCS15 kHz. Such unnecessary reduction substantially reduces system performance.
· For CA case with scaling, Option 3 causes many aligned spans to be categorized as un-aligned unnecessarily. Categorizing a configuration as un-aligned causes many more checking for BD/CCE limit in terms of ‘per set of spans’, and thus causing further reduction of usable BD/CCE limit for reach monitoring occasion.

Example 1: MO configuration currently allowed by spec becomes invalid under Option 3. 
[image: ]

Example 2: MO configuration currently monitored as aligned spans with (X,Y)=(7,3) becomes un-aligned spans and (X,Y)=(2,2) under Option 3.
[image: ]



	Quectel
	We are fine with option 2. How to define the reference slot can be left open. 
We are also fine with no spec change which means the UE checks for at least a repeating cycle of the union of span patter across carriers to determine whether the spans are aligned or non-aligned. As search space sets are configured by RRC, the one-time checking does not bring extra burden compared to real-time checking. The complexity of one-time checking should be acceptable, although it may be higher than option 2.



Question 3: Whether/how to set a time window for which a set of spans is considered for unaligned span case  

Summary of the status for question 3 under issue B-1 based on first round email discussion  
· Option 1: Limit the time window to one slot
· Support: Ericsson, ZTE, Spreadtrum, Huawei/HiSilicon, Vivo, Qualcomm, Ericsson

· Feature lead: 1) It cannot ensure the set of spans cross slot boundaries.  
  
· Option 2: Limit the time window to all spans that have overlapped symbols with a same X-symbol window
· Support: Quectel, CATT, Samsung (with editorial change to within same X symbols),  Nokia, Ericsson (with improved text)

· Reasons:
· Option 1 is in fact re-defining the Rel-15 slot-based CA PDCCH monitoring behavior by replacing the per-slot budget  with per combination (X, Y) budget , which is undesired and confusing for UE implementation.
·  is a per-combination (X,Y) (or per X-symbol) budget rather than a per-slot budget, it does not make much sense to force a set of spans which are spreading over a slot to comply with a per X-symbol budget

· Feature lead: If the location of the X-symbol is fixed, then back-to-back span issue exists as commented by some companies. If the X-symbol is a sliding window, then it will increase the UE complexity also. 

· Neither one is needed: Intel
· UE actually doesn’t need to check if the limit exceeds or not, UE just needs to assume that the limit won’t exceed. 
· Feature lead: Intel has a valid point here, similar as overbooking UE doesn’t need to check whether a set of spans exceed the limit or not. 

· Feature lead recommendation: Recommend to consider the modified option 2 as shown in proposal B-1-Q2 below, since there is strong concern from Ericsson and Quectel on not setting a time window. Details of the discussion can go check section 3.

Proposal B-1-Q2: Endorse the text proposal in R1-20xxxxx for TS 38.213 Section 10.1.
	
---------------------------------Start of Text Proposal on TS 38.213 v16.3.0-----------------------
10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged parts are omitted>

If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells within every  symbols, with at most one span per scheduling cell for each set of spans, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols based on the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . 

<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on TS 38.213 v16.3.0------------------



Please comment if you have strong concern with the above proposal. 
	Company
	View

	Feature lead
	Ericsson and Quectel have strong concern if we don’t define any time window, and considering it may result in back-to-back span across slot boundary for option 1 also, I do some modification based on option 2 as above. 

The drawback for the above modified option 2 is that “per set of spans within every X symbol” may give the impression that all the spans are fully included within the X symbol, do you feel there is any misunderstanding that the span with part of symbols included in the X symbol would be precluded? In theory, we need to include the spans with only part of symbols included in the X-symbol.  


	
	





Conclusion: No need to set a time window for which a set of spans is considered for unaligned span case.
Please comment if you have strong concern with the above conclusion. 
	Company
	View

	Ericsson
	Do not support above conclusion.
First, we disagree that the windows definition is not needed. We understand that a time window is needed for limiting what the “each set of spans” refer to.
“per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise”
Second, as we commented earlier, Ericsson can also support Option 2 with further clarification on the “set of X symbols”, for example, “where the sets of symbols are placed adjacent to each other within each slot, starting with symbol 0”. Add Ericsson to support list of Option 2.

Feature lead> As I commented above, no matter how to define the set of X symbols, there would be some problem. If the location of the X-symbol is fixed, then back-to-back span issue exists as commented by some companies. If the X-symbol is a sliding window, then it will increase the UE complexity also. If we don’t define this kind of window, it would be gNB implementation to ensure the limits not exceeded. From gNB perspective, it knows that as long as ensuring no back-to-back spans issue either within a slot or across the slot boundary, then it should be sufficient, no need to ensure a span set including two spans which are sufficiently separated in time domain not exceed the limit. In addition, the key problem right now is either option 1 or option 2 seems there is some problem. If we can find a good solution, then of course would be good to have.
Based on the previous discussion, for sure back-to-back span issue within a slot UE vendors would not accept it, whether they can accept back-to-back span across slots is not so clear to me, therefore probably I can check whether any strong concern to option 1 at this stage.  

	Quectel
	We disagree with FL’s judgement. We do not support the conclusion.
I understand this issue is more for gNB scheduling restriction. The UE may or may not check the span sets depending on implementation. However, even from gNB point of view, the current spec (as highlighted by Yufei above) is not acceptable. 
Firstly, the gNB cannot predict the BD distribution in a far future, e.g., after search space re-configuration, so how can the gNB guarantee that any set of spans comply with  BDs?
Secondly, a span configured with large number BDs will heavily impact the spans on other carriers which are not relevant at all (e.g., not in a same X-symbol window, not in a slot, or even not in a radio frame). Very stringent restrictions are imposed on the BD configuration for gNB, so severely decreasing the scheduling flexibility. This is very undesired. As PDCCH search space is semi-persistently configured, this case is a quite valid and typical case.
Two examples in the following to illustrate our concerns.


In our understanding, the case shown by Example 1, definitely, does not need to be considered for span set construction. However, the current spec does require the gNB to even take this case into account for BD configuration, e.g., a span set {CC1#0, CC2#3， CC3#3} is a valid span set to restrict gNB BD configuration according to current spec due to “each set of spans”. 


In Example 2, there are MOs configured on CC3 in slot j whereas no MOs configured in slot j+10 based on semi-persistent search space configuration. And also, 40 BDs are configured in each MO (i.e., CC3#0 and CC3#1) in slot j. To not exceed the budget (44 BDs assumed), only 2BDs are configured on each MO on CC1 or CC2. The impact of CC3#1 to the BD configuration for CC1 and CC2 will expand to slot j+10 or even later. As {CC1 #2, CC2 #2, CC3 #1} is a valid span set so the  BD restriction on the set of span should be respected. This leads to no more than 4 BDs that can be configured for CC1 #2 and CC2 #2 together. Obviously, this will very heavily restrict the scheduling flexibility of gNB, which is quite undesired.

Feature lead> Similar as the reply to Yufei above, no matter how to define the set of X symbols, there would be some problem. If the location of the X-symbol is fixed, then back-to-back issue exists as commented by some companies. If the X-symbol is a sliding window, then it will increase the UE complexity also. If we don’t define this kind of window, it would be gNB implementation to ensure the limits not exceeded. From gNB perspective, it knows that as long as ensuring no back-to-back spans issue either within a slot or across the slot boundary, then it should be sufficient, no need to ensure a span set including two spans which are sufficiently separated in time domain not exceed the limit. In addition, the key problem right now is either option 1 or option 2 seems there is some problem. If we can find a good solution, then of course would be good to have. 

Based on the previous discussion, for sure back-to-back span issue within a slot UE vendors would not accept it, whether they can accept back-to-back span across slots is not so clear to me, therefore probably I can check whether any strong concern to option 1 at this stage.  

	Ericsson 
	Quectel provided very nice pictures to illustrate --- thanks! I think the problem is quite clear. 
To make progress in this week, we can accept an intermediate proposal like below: 
Proposal
For CA unaligned span case, the BD/CCE limits are considered over a set of spans in a time window, where the time window duration is selected from two options below:
· Option 1: The time window duration is one slot
· Option 2: The time window duration is X symbols.

	
	



Question 2: Do you have strong concern if go with option 1 (i.e. Limit the time window to one slot)? 
	Company
	View

	Feature lead
	Ericsson and Quectel have strong concern if we don’t define any time window, therefore I would like to check if option 1 can be acceptable. 
As analyzed above, option 1 may result in back-to-back span issue across slots, i.e. UE won’t ensure a set of spans across slots not exceed the BD/CCE limit. It is not clear whether the cons can be acceptable or not. Therefore, if you have strong concern with option 1, please indicate it here asap, otherwise I would recommend to go with option 1.    

As to option 2, as mentioned above, if the location of the X-symbol is fixed, then back-to-back span issue exists as commented by some companies. If the X-symbol is a sliding window, then it will increase the UE complexity also.  

If we don’t define the time window as proposed by the conclusion above, I feel the issue can be addressed by gNB implementations.  From gNB perspective, it knows it needs to avoid back-to-back spans issue either within a slot or across the slot boundary, and it should know no need to ensure a span set including two spans which are sufficiently separated in time domain not exceed the limit.

	Intel
	To the other issue on time window – the gNB is configuring the SS sets, and it is well aware of all the configurations and when and how they overlap across CCs. The statement “gNB cannot predict the BD distribution in a far future” is not applicable nor correct. We cannot accept defining time window

	Ericsson
	We think the spec is incomplete without defining a time window.
On the other hand, we’d be OK with not defining a time window for unaligned case, if the gNB is allowed to interpret “per set of spans” in any way that the gNB considers reasonable, and the UE monitors according to gNB configuration. For example, the gNB is allowed to configure MOs as long as there is at least one set of spans that satisfies this phrase in spec: “per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans”. In this case, this should be captured at least as a conclusion:
· Proposed Conclusion: For un-aligned set of spans of CA, the gNB ensures that there is at least one set of spans that satisfies the BD/CCE limits.


	Quectel
	We prefer to define a time window.
In our understanding, without a time window defined, the gNB, to follow the “each set of spans” restriction in current spec,  has to always over conservatively configure the BD budgets across carriers, which will definitely severely decrease the scheduling flexibility and increase blocking rate. The performance may be even much worse than Rel-15 slot based PDCCH monitoring. This is very undesired not only to gNB, but also to UEs, especially for URLLC where very low latency and high robustness are required.
The conclusion proposed by Ericsson above is also OK for us. 
The only problem of the conclusion is that there may be a risk of increased UE complexity as gNB would not guarantee the BD/CCE limits for every relevant span sets.  We’d like to hear views from other companies, especially UE vendors.

	Qualcomm
	Based on the FL’s explanation above, there is no need to adopt Option 1.  



Issue B-2: Whether/how to extend Rel-16 PDCCH monitoring capability to multi-TRP case whether to apply M-TRP on the Rel-15 cells for case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured)      
Based on the discussion of issue B-2 in [103-e-NR-L1enh-URLLC-01], the following conclusion was agreed and corresponding corrections should be captured:
Conclusion: M-DCI based M-TPR in Rel-16 MIMO is not applied to the Rel-15 cell(s) in CA case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured).

With the above conclusion, some clarification on PDCCH monitoring for Rel-15 cells are needed. 

Please check and comment the draft CR for issue B-2. 
	Company
	View

	Feature lead
	One issue is that it seems editors are discussing how to capture the RRC parameter in both RAN1 and RAN2 specs, which might be clear till next meeting. Therefore, there might be one risk for this draft CR since there is the parts related capturing RRC parameter. If people think it would be good to wait for the next meeting, I think it is ok also. Another way is to agree the draft CR, then if needed can further update in the next meeting based on the outcome of capturing RRC parameters discussion among editors. 

	ZTE
	The draft CR is not for update of RRC parameters only, so we prefer to adopt the CR in this meeting, and if needed we can further update the RRC parameters together with all other RRC parameters in other places of the specs in the next meeting. 

Regarding the details of the draft CR, it seems  needs to be clarified to be  also for the non-scaling case. That is to add the following text to the first bullet of the first paragraph in the draft CR.
‘ is replaced by , if a UE is not provided CORESETPoolIndex and configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability. ‘

In addition, to make it clear that Case3 cannot use M-TRP, it’s better to clarify the configuration of Case 3 and M-TRP together, by saying ‘the UE is provided monitoringCapabilityConfig-r16 = r15monitoringcapability and not provided CORESETPoolIndex,’.

Thus, we suggest the following draft CR. 

	10.1	UE procedure for determining physical downlink control channel assignment 
<-------------Other parts are omitted ------------------->
If a UE is configured with   downlink cells for which the UE is not provided monitoringCapabilityConfig-r16, or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability and not provided CORESETPoolIndex, with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration  where , the UE is not required to monitor, on the active DL BWPs of the scheduling cells, 


-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells, if the UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by , or
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for CORESETs with same CORESETPoolIndex value for each scheduled cell when the scheduling cell is from the  downlink cells
If a UE 

-	is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig-r16, or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability and not provided CORESETPoolIndex,  


-	with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , where , and
-	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 firstActiveDownlinkBWP-Id for the deactivated cell, 





the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells.  If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by .
<--------------Other parts are omitted ------------------->



Feature lead>> I think “not provided CORESETPoolIndex” in the last sentence is clear, but I am fine to move it to the beginning. I also put similar sentence to the first case to make it clearer.

	Quectel
	We prefer to firstly agree the draft CR and leave it to editors for alignment.
Regarding the CR structure, we think it may be clearer to explicitly state the conclusion in section 10 instead of checking every limitation case in section 10.1. In this way, no explicit differentiation is needed (hence no change to current spec) considering different configurations , e.g., with or without Rel-16 monitoring capability, Rel-15 or Rel-16 monitoring capability, for the  existing limitations in section 10.1
We do not have strong view. How to reflect the conclusion is up to editor.
Feature lead>> I did section 10 again to see if any good place to have this kind of one sentence , but it seems also ok to put in section 10.1 considering similar sentence already there for cells with Rel-16 capability. I can hear more views. 


 
Proposals for the fourth round email discussion 
The section summarize the potential proposals for the fourth round email discussion. Note that Chairman suggested not to further discuss Question 2 under issue B-1 since impossible to get any conclusion.

Issue B-1: Time variation of “aligned” status for PDCCH spans across DL cells

Question 3: Whether/how to set a time window for which a set of spans is considered for unaligned span case  

Proposal B-1-Q3: Endorse the text proposal in R1-20xxxxx for TS 38.213 Section 10.1.
	
---------------------------------Start of Text Proposal on TS 38.213 v16.3.0-----------------------
10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged parts are omitted>

If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells within every  symbols, with at most one span per scheduling cell for each set of spans, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols based on the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . 

<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on TS 38.213 v16.3.0------------------



Please comment if you have strong concern with the above proposal B-1-Q3. 
	Company
	View

	Feature lead
	Ericsson and Quectel have strong concern if we don’t define any time window as discussed in section 3, and considering it may result in back-to-back span across slot boundary for option 1 also, I do some modification based on option 2 as above. 

The drawback for the above modified option 2 is that “per set of spans within every X symbol” may give the impression that all the spans are fully included within the X symbol, do you feel there is any misunderstanding that the span with part of symbols included in the X symbol would be precluded? In theory, we need to include the spans with only part of symbols included in the X-symbol.  

Note that if any strong concern on the above proposal B-1-Q3, I would suggest to go with the conclusion below alternatively. 

	Qualcomm
	No need to define the time window. Based on the explanations from the FL before, we prefer the conclusion below. 

	Ericsson
	We still believe the specification is incomplete without defining time window.
To ensure that “per set of spans within every X symbol” includes spans partially included in X symbols, this can be easily addressed by slightly revising the TP as follows:
“-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells within every  symbols, with each of the span partially or fully overlapping with a set of  symbols and at most one span per scheduling cell for each set of spans, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols based on the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells, otherwise “

Feature lead>> “each of the span partially or fully overlapping with a set of  symbols” doesn't include the case that no overlapping among the spans. 

	Quectel
	We think Ericsson’s proposed text is clear enough. If we understand correctly, FL’s concern regarding the highlighted texts is the back-to-back problem. In our understanding, “a set of X symbols” is a sliding window, so the back-to-back problem has already been addressed.

Feature lead>> The concern from me above is not for the back to back problem, when I made the draft TP as in the proposal, I already tried to solve the back-to-back problem. Read again the wording, I agree with you it should be clear. I thought partial or full overlapping among spans, but read again it means partial or overlapping with the X symbol

	Intel
	Few concerns:
· It does not appear that the “X-symbol window” can be a sliding window for the non-aligned case due to “where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols based on the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells”
· There are still certain cases that are not addressed with the “X-symbol window” approach suggested above even when assuming a sliding-window approach. 
To see the second point above, consider three cells C1, C2, C3, with (X,Y) = (2,2) and spans S1, S2, S3 in the respective cells, such that they have pair-wise overlaps with two shifted versions of “X-symbol window” (w/ X =2); e.g., S1 and S2 have some overlap with a given X-symbol window (W1), but not S3. On the other hand, S2 and S3 have some overlap with a given X-symbol window (W2), but not S1. 
Note that, in the figure below, the contradiction with the definition of the “X-symbol window” (first bullet above) is ignored for the second (S2+S3) window due to the non-aligned nature of the span locations across carriers.


For this example, the above proposed time window approach implies consideration of sum-limits for {S1+S2} and for {S2+S3}, but not the limit considering {S1+S2+S3}. However, in this case, the sum-limit on S1+S2+S3 should be considered from the perspective of UE processing capability.
In summary, we are not sure if a sliding window approach can be defined as suggested in the TP above. On the other hand, without a sliding window approach, the back-to-back processing overloading issue may occur. Further, just limiting to the spans overlapping with a given X-symbol window may not be sufficient in gating the overall BD/CCE dimensioning. 
Without a repetitive pattern, it may not feasible to define a time window for defining the sum-limits that also avoids any “back-to-back overloading” issue. 
Thus, unless we go with Option 3 in response to Q2 for Issue B-1 in Section 2, we need to consider “any set of spans” as the original RAN1 agreement intended (and, in our understanding, consistent with current specs, even without the “any”).




Revised proposal B-1-Q3: Endorse the text proposal in R1-20xxxxx for TS 38.213 Section 10.1.
	
---------------------------------Start of Text Proposal on TS 38.213 v16.3.0-----------------------
10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged parts are omitted>

If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with each of the span partially or fully overlapping with a set of  symbols and at most one span per scheduling cell for each set of spans, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols based on the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . 

<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on TS 38.213 v16.3.0------------------



Please comment if you have strong concern with the above revised proposal B-1-Q3. 
	Company
	View

	Feature lead
	Ericsson and Quectel have strong concern if we don’t define any time window as discussed in section 3, and considering it may result in back-to-back span across slot boundary for option 1 also, I do some modification based on option 2 as above, and also modified per the comment from Ericsson and Quectel as above. With this revised TP, back-to-to back issue should not exist, and the definition seems clearer now.
 
I encourage companies to check the revised proposal B-1-Q3 again, it is always good if we can specify something instead of defining nothing, unless there is problem or issue with the TP. 
Note that if any strong concern on the above proposal B-1-Q3, I would suggest to go with the conclusion below alternatively. 

	
	



Feature lead: If there is any strong concern on the above revised proposal B-1-Q3, I would recommend companies to consider the two conclusions below instead again. 

Conclusion: No need to set a time window for which a set of spans is considered for unaligned span case.
Conclusion #2: gNB may not need to ensure that the number of PDCCH candidates and non-overlapped CCEs doesn’t exceed the corresponding limit for a set of spans with sufficient gap (e.g. larger than X symbol) between the starting symbols of the spans.

Please comment if you have strong concern with the above conclusion. 
	Company
	View

	Ericsson
	For Question 3, please see the proposed conclusion if no time window is to defined. 
· Proposed Conclusion: For un-aligned set of spans of CA, the gNB ensures that there is at least one set of spans that satisfies the BD/CCE limits.
Feature lead>> Can you clarify a little bit more on the reasons to have this additional conclusion?

	Ericsson
	We’d like to understand the consequence of FL conclusion above. This means the example below is correct understanding? After all, the spec does not say “per any set of spans”, only “per set of spans”. If so, we can be OK.
Feature lead>> Yes with this conclusion you example is correct. Though in theory gNB doesn't need to ensure the set of spans with sufficient gap not exceed the limit. As explained before, this can be gNB implementation.

E/// proposed conclusion clarifies what “per set of spans” means if TP for time window is not adopted.  Our proposed conclusion covers understanding in the example below. The gNB does not need to check BD/CCE limits across spans located far apart. How far apart is according to gNB understanding of reasonable configuration (e.g., every X symbols).

[image: ]

Feature lead> I understand your intention, but the proposed conclusion would look like that gNB only needs to ensure one set of spans not exceed the limit, which is not true though. Probably we can add one more conclusion as below, though need to check the understanding from other companies:

Conclusion #2: gNB may not need to ensure that the number of PDCCH candidates and non-overlapped CCEs doesn’t exceed the corresponding limit for a set of spans with sufficient gap (e.g. larger than X symbol) between the starting symbol of the spans. 

	Quectel
	We are open to discuss different ways to loosen gNB scheduling restrictions, e.g., by defining a time window or a conclusion suggested by Ericsson or FL (Conclusion 2). 
In retrospect, “per set of spans” does really mean ““per any set of spans”  according to the agreement made in RAN1#100bis-e as copied below:
[image: ]
The texts for the non-aligned case in current spec are a result of rewording by FL and editor based on this agreement. Clues can be also found in the summaries provided by FL in RAN1#100-e and RAN1#100bis-e.
Regarding conclusion 2, firstly I’m not sure whether the conclusion 2 violates the agreement copied above.
Secondly, I do not quite understand what the conclusion 2 really means. What’s the UE behavior given this conclusion 2? Does it mean the UE has to check whether the gNB follows the “any set of spans”restriction then considers an error occurs in case the gNB configures unaffordable number of BDs/CCEs?

Feature lead>> If you feel the conclusion 2 here contradicts with the agreement, then actually revised proposal B-1-Q3 above contradicts with the agreement either, since in proposal B-1-Q3, for the set of spans with span far away would not need to meet the limitation either. I would say if in theory it is reasonable that there is no need to also meet the limit if the spans are far away with each other, and if people can agree with the time window definition, it is beneficial for the system because it makes the system better. With the conclusion 2, it is only for gNB, from UE side as explained above, UE doesn’t need to check anything. 

	Intel
	For reasons elaborated in response to B-1-Q3, we cannot accept Conclusion B2, which seems to be describing the time-window concept from the perspective of the gNB. 
Further, we agree with the FL that Conclusion B2 (as well as the proposal in B-1-Q3) contradicts previous decision, and for reasons elaborated above, do not think would be the appropriate way to go.



Issue B-2: Whether/how to extend Rel-16 PDCCH monitoring capability to multi-TRP case whether to apply M-TRP on the Rel-15 cells for case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured)      
Based on the discussion of issue B-2 in [103-e-NR-L1enh-URLLC-01], the following conclusion was agreed and corresponding corrections should be captured:
Conclusion: M-DCI based M-TPR in Rel-16 MIMO is not applied to the Rel-15 cell(s) in CA case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured).

With the above conclusion, some clarification on PDCCH monitoring for Rel-15 cells are needed. 

Please check and comment the draft CR_v1 for issue B-2. 
	Company
	View

	Feature lead
	One issue is that it seems editors are discussing how to capture the RRC parameter in both RAN1 and RAN2 specs, which might be clear till next meeting. Therefore, there might be one risk for this draft CR since there is the parts related capturing RRC parameter. If people think it would be good to wait for the next meeting, I think it is ok also. Another way is to agree the draft CR, then if needed can further update in the next meeting based on the outcome of capturing RRC parameters discussion among editors. 

I further updated the draft CR based on the comments from ZTE as shown in section 4. 

	Ericsson
	We are fine with the intention of the TP. 
Further edits below are suggested to improve the text.
· Yellow-highlight part;
· Change the blue-highlight text to “only” due to conflict with green-highlight part.

=====
10.1 UE procedure for determining physical downlink control channel assignment 
<-------------Other parts are omitted ------------------->
If a UE is configured with   downlink cells for which the UE is not provided monitoringCapabilityConfig-r16, or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability only and not provided CORESETPoolIndex, with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration  where , the UE is not required to monitor, on the active DL BWPs of the scheduling cells, 
-    more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells, if the UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability, [image: ] is replaced by [image: ], or
-    more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells
-    more than  PDCCH candidates or more than  non-overlapped CCEs per slot for CORESETs with same CORESETPoolIndex value for each scheduled cell when the scheduling cell is from the  downlink cells
If the UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability, [image: ] is replaced by [image: ].
If a UE 
-    is configured with [image: ] downlink cells for which the UE is not provided monitoringCapabilityConfig-r16, or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability only and not provided CORESETPoolIndex,  
-    with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration [image: ], where [image: ], and
-    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 firstActiveDownlinkBWP-Id for the deactivated cell, 
the UE is not required to monitor more than [image: ]  PDCCH candidates or more than [image: ] non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the [image: ] downlink cells.  If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability, [image: ] is replaced by [image: ].
<--------------Other parts are omitted ------------------->

Feature lead> It seems you didn’t check the latest version of the TP.  Can you check again? In addition, changing it to “only” not good also, since it is very likely other configurations would be configured.

	Quectel
	In our understanding, the intention of grouping serving cells into   and  and introducing scaling factor  is to support mDCI.  If Rel-15 cells are“not provided CORESETPoolIndex”, why is there a second cell group   or a scaling factor ?  The current texts in the CR are confusing at least to us.
We propose to use a different way to implement the CR.
In section 10, an explicit statement is added to reflect the conclusion like this:
=====

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

If a UE can support
-	a first set of  serving cells where the UE is either not provided CORESETPoolIndex or is provided CORESETPoolIndex with a single value for all CORESETs on all DL BWPs of each scheduling cell from the first set of serving cells, and
-	a second set of  serving cells where the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with a value 0 for a first CORESET, and with a value 1 for a second CORESET on any DL BWP of each scheduling cell from the second set of serving cells
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA, a number of serving cells as  where  is a value reported by the UE. 
A UE is not expected to be provided CORESETPoolIndex with a value 0 for a first CORESET and with a value 1 for a second CORESET on any DL BWP of any downlink cell if there is a downlink cell configured with monitoringCapabilityConfig-r16 = r16monitoringcapability.
If a UE indicates in UE-NR-Capability a carrier aggregation capability larger than 4 serving cells and the UE is not provided monitoringCapabilityConfig-r16 for any downlink cell or if the UE is provided monitoringCapabilityConfig-r16 = r15monitoringcapability for all downlink cells where the UE monitors PDCCH, the UE includes in UE-NR-Capability an indication for a maximum number of PDCCH candidates and for a maximum number of non-overlapped CCEs the UE can monitor per slot when the UE is configured for carrier aggregation operation over more than 4 cells. When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per slot that corresponds to  downlink cells, where
< Unchanged parts are omitted >

The redundant texts to describe the applicable cases can be removed as follow: 
10.1	UE procedure for determining physical downlink control channel assignment
< Unchanged parts are omitted >
If a UE 
-	is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig-r16 or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability, 
-	with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , where , and
-	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 firstActiveDownlinkBWP-Id for the deactivated cell, 
the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells.
< Unchanged parts are omitted >

We think this would be a simple but clearer way to reflect the conclusion.

Feature lead> In my understanding, this paragraph is not only for mDCI case, it is for normal Rel-15 PDCCH monitoring case also. The spec just use uniform way to capture both case, otherwise I am not able to find any description in the Rel-15 spec for Rel-15 PDCCH monitoring case. If I miss anything, happy to hear. On the other hand, the reason we need this TP is that in the current spec, we don’t have corresponding description for the group of cells with Rel-15 PDCCH monitoring in case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured), therefore we need some TP for it, therefore we cannot just describe things in section 10 instead I think. Of course if we also define something in section 10, it might be clearer, but in my understanding with the TP in section 10.1 here it is already clear mDCI and Rel-16 PDCCH monitoring capability are not supported simultaneously. We can hear more views from others also. Personally I am flexible, just at this late stage of this meeting, I would prefer less modification if possible. 

	
	



Proposals for the fourth round email discussion 
The section summarize the potential proposals for the fourth round email discussion. Note that Chairman suggested not to further discuss Question 2 under issue B-1 since impossible to get any conclusion.

Issue B-1: Time variation of “aligned” status for PDCCH spans across DL cells
Revised proposal B-1-Q3: Endorse the text proposal in R1-20xxxxx for TS 38.213 Section 10.1.
	
---------------------------------Start of Text Proposal on TS 38.213 v16.3.0-----------------------
10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged parts are omitted>

If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , 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 firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with each of the span partially or fully overlapping with a set of  symbols and at most one span per scheduling cell for each set of spans, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols based on the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . 

<Unchanged parts are omitted>
--------------------------------------End of Text Proposal on TS 38.213 v16.3.0------------------



Please comment if you have strong concern with the above revised proposal B-1-Q3. 
	Company
	View

	Feature lead
	Ericsson and Quectel have strong concern if we don’t define any time window as discussed in section 3, and considering it may result in back-to-back span across slot boundary for option 1 also, I do some modification based on option 2 as above, and also modified per the comment from Ericsson and Quectel as above. With this revised TP, back-to-to back issue should not exist, and the definition seems clearer now.
 
I encourage companies to check the revised proposal B-1-Q3 again, it is always good if we can specify something instead of defining nothing, unless there is problem or issue with the TP. 
Note that if any strong concern on the above proposal B-1-Q3, I would suggest to go with the conclusion below alternatively. 

	Intel
	Few concerns:
· It does not appear that the “X-symbol window” can be a sliding window for the non-aligned case due to “where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols based on the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells”

Feature lead>> “X-symbol window” is not a window sliding one symbol by one symbol, but it is sufficient to cover all the cases that need to ensure not exceed the limit for any set of spans. Because it covers all the places that have PDCCH monitoring occasions. 

[Intel2] In such a case, how to realize X-symbol window described with the red circles below if on CC3 we have a 2-symbol CORESET? How to interpret the constraint “next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols” in this example? Also, it seems the interpretation of “sliding window” is different between FL and Quectel. 

· There are still certain cases that are not addressed with the “X-symbol window” approach suggested above even when assuming a sliding-window approach. 
To see the second point above, consider three cells C1, C2, C3, with (X,Y) = (2,2) and spans S1, S2, S3 in the respective cells, such that they have pair-wise overlaps with two shifted versions of “X-symbol window” (w/ X =2); e.g., S1 and S2 have some overlap with a given X-symbol window (W1), but not S3. On the other hand, S2 and S3 have some overlap with a given X-symbol window (W2), but not S1. 
Note that, in the figure below, the contradiction with the definition of the “X-symbol window” (first bullet above) is ignored for the second (S2+S3) window due to the non-aligned nature of the span locations across carriers.


For this example, the above proposed time window approach implies consideration of sum-limits for {S1+S2} and for {S2+S3}, but not the limit considering {S1+S2+S3}. However, in this case, the sum-limit on S1+S2+S3 should be considered from the perspective of UE processing capability.
In summary, we are not sure if a sliding window approach can be defined as suggested in the TP above. On the other hand, without a sliding window approach, the back-to-back processing overloading issue may occur. Further, just limiting to the spans overlapping with a given X-symbol window may not be sufficient in gating the overall BD/CCE dimensioning. 
Without a repetitive pattern, it may not feasible to define a time window for defining the sum-limits that also avoids any “back-to-back overloading” issue. 
Thus, unless we go with Option 3 in response to Q2 for Issue B-1 in Section 2, we need to consider “any set of spans” as the original RAN1 agreement intended (and, in our understanding, consistent with current specs, even without the “any”).

Feature lead>> I was assuming we only need to ensure the limit not exceeded within the Red circles as show below from UE processing capability perspective. Therefore, we only need to ensure the following set of spans not exceed the limit, i.e. {S1}, {S2+S3}. I think we don’t need to ensure set of spans {S1+S2+S3} or {S1+S2}. If my understanding is correct, then the TP is ok. But at this stage, probably I miss something here also. 


[Intel2] If the spans had been aligned, then, yes. However, in this configuration, the spans are non-aligned across the set of three CCs, and we are not sure if the resulting pairwise consideration is sufficient. 

 To see this, consider applying the above “red circle” logic to the above example, where we have mix of 1-symbol and 2-symbol CORESETs (in symbols 4 and 5 on CC3). Assuming 15 kHz, (2,2) with the numbers standing for # of CCEs. If we define the time-window to be not sliding window (that is, they are non-overlapping windows), then we have the above configuration as valid if checked against the red circles. However, the UE actually has to handle a total of 50 CCEs over symbols 2 and 3 (green circle) which is clearly above the sum-limit across three CCs (=42 CCEs). 
Also, again, if CC3 has a 2-symbol CORESET, how should the # of CCEs/BDs be counted for the third red circle (symbols #5 and #6)? If it is counted as 14 CCEs, then we are effectively double-counting; while, if not, then the efforts from the UE in symbol 5 seems ignored, which seems problematic as well.  

	Quectel
	Thanks Intel for the good comments.
The definition of BD/CCE limits, e.g.,  physically means that the UE can process up to  blind decoding for every X symbols. The UE can pipeline the processing X-symbol by X-symbol. For the example shown above by Intel, the span set S1+S2+S3 is spread onto 5 symbols during which up to 2.5* blind decodings can be afforded by the UE. The sliding window requires that  a single  limit should be followed by span set S1+S2 and span set S2+S3. Compared to 2.5* blind decodings for span set S1+S2+S3, the sliding window limit of a single is already conservative. This conservativeness is enforced further by including the spans partially overlapped with the window.
We think Intel’s example well explained why the X-symbol sliding window strikes a good tradeoff between gNB scheduling flexibility and exploring UE potential processing power when the UE processing is not beyond UE capability
[Intel2] We are not sure if the scaling with # of symbols is accurate. In such a case, if we had only CC2 and CC3 in my earlier example, then the limits over the # of BD/CCE limits over S2 and S3 could have been scaled up by 2 times, which is not the case. Such dimensioning would have been appropriate only if the spans were aligned. 
While your interpretation of “sliding window” could avoid the “green circle” issue shown in above new example, it runs into contradiction with the definition of “X-symbol window” as defined in the current proposal.

	
	




Issue B-2: Whether/how to extend Rel-16 PDCCH monitoring capability to multi-TRP case whether to apply M-TRP on the Rel-15 cells for case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured)      
Based on the discussion of issue B-2 in [103-e-NR-L1enh-URLLC-01], the following conclusion was agreed and corresponding corrections should be captured:
Conclusion: M-DCI based M-TPR in Rel-16 MIMO is not applied to the Rel-15 cell(s) in CA case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured).

With the above conclusion, some clarification on PDCCH monitoring for Rel-15 cells are needed. 

Please check and comment the draft CR v2 for issue B-2. 
	Company
	View

	Feature lead
	 Compared to v1, I delete “where” in the new added sentence according to the comments from Kianoush. 

	
	




Agreements under [103-e-NR-L1enh-URLLC-01]  
The section summarize the agreements made under this email discussion.

Conclusion
M-DCI based M-TPR in Rel-16 MIMO is not applied to the Rel-15 cell(s) in CA case 3 (i.e. both cell(s) with Rel-15 monitoring capability and cell(s) with Rel-16 monitoring capability are configured).

Agreement
The TP for issue B-1 in section 6 of R1-2009339 for TS38.213 is endorsed in R1-2009639 (TS38.213, Rel-16, CR#0170, Cat. F).
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