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Introduction
During RAN#87-e plenary, a new version of TS 38.213[1] has been approved. The objective of this document is to correct the remaining issues on PDCCH enhancements for URLLC.
Remaining issues on DCI size alignment
Distinguishing DCI format 0_2/1_2 and DCI format 0_0/1_0
In our view, a solution should be specified for this issue to avoid any future ambiguity, e.g. some zero-padding to DCI format 0_2/1_2 in case this issue happens to avoid any ambiguity at both the UE and the gNB sides. If we want to leave it to the gNB to handle it, since it has the flexibility to avoid the scenario where the DCI format 0_0/1_0 and DCI format 0_2/1_2 have the same size, then at least it should be clarified in the specification that the UE is not expected to have such configuration. 

Proposal #1: For distinguishing DCI format 0_2/1_2 and DCI format 0_0/1_0 select one of the following two options:
· Alt-1: One zero-padding bit is added to DCI format 0_2/1_2 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_0/1_0 monitored in another USS.
· Alt-2: UE is not expected to be configured with DCI format 0_0/1_0 and DCI format 0_2/1_2 having the same size    
We support Alt-2 as it is friendly to the UE implementation and easier to specify but we are also fine with Alt-1 in case Alt-2 has no general consensus. 

Distinguishing DCI format 0_2/1_2 monitored in USS and DCI format 0_1/1_1 in another USS
From UE perspective, this issue should be clarified and specified to avoid any future ambiguity. Obviously, the objective can be accomplished in an efficient manner by gNB implementation but the UE behaviour in that case should be specified. 
One possible solution is to add one zero-padding bit to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_1/1_1 monitored in another USS.
Although this solution could resolve the issue but it raises some concerns as it is not coherent with the two alternatives in Proposal#1. We need to adopt a coherent approach if we want to adopt zero-padding or any other solution for all the DCI size issues. This will simplify the UE implementation and reduce the alternatives to be supported at the gNB side. 
Therefore, we are objecting the proposal above as it is not coherent with the Proposal#1. 
We propose instead to adopt similar approach as in Alt-1 of Proposal#1: 
Proposal #2: For distinguishing DCI format 0_2/1_2 monitored in USS and DCI format 0_0/1_0 monitored in another USS select one of the following two options:
· Alt-1: One zero-padding bit is added to DCI format 0_2/1_2 to differentiate the new DCI formats monitored in USS and DCI format 0_0/1_0 monitored in another USS.
· Alt-2: The UE is not expected to be configured with DCI format 0_1/1_1 and DCI format 0_2/1_2 having the same size.
We support Proposal#2 Alt-2. We agree that there is significant flexibility in configuring these two DCIs which can allow the gNB to make sure DCI format 0_1/1_1 and DCI format 0_2/1_2 are having different sizes. But some specification is required to clarify that the UE is not expected to receive DCI format 0_1/1_1 and DCI format 0_2/1_2 having the same size.
Distinguishing DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same USS 
Similar to the previous issue, one possible solution is to add one zero-padding bit to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same USS. 
We are opposing this solution for the same reasons mentioned already in the previous subsection.
We are therefore, as an alternative, supporting the proposal below for the same reasons mentioned previously:
Proposal #3: The UE is not expected to be configured with DCI format 0_1/1_1 and DCI format 0_2/1_2 having the same size. 
PDCCH Candidate Overbooking and dropping
Number of span(s) for PDCCH overbooking/dropping
The following proposal below has been drafted by the FL capturing different opinions and alternatives from most companies: 
Proposal: For PDCCH overbooking/dropping, down select one from the following options:
       Option 1：PDCCH overbooking/dropping is only performed in a span with CSS present
o   Alt. 1: All span(s) with CSS present within a slot, including type-3 CSS
o   Alt. 2: All span(s) with CSS present within a slot, except for type-3 CSS
o   Alt. 3: At most X span(s) with CSS present within a slot, including type-3 CSS 
  FFS: If the number of spans with CSS present within a slot is larger than X, then PDCCH overbooking/dropping is performed in the first X spans with CSS present
  For the value of X,
· Alt.3-1: X=2 
· Alt.3-2: X=1
· Alt.3-3: X is UE capability, the candidate value for X is {1, 2, FFS}  
        Option 2：PDCCH overbooking/dropping is only performed in at most X span(s) within a slot;
o    Alt. 1: the value of X is 1
o   Alt. 2: X is UE capability, the candidate value for X is {1, 2, FFS}  
· Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. 

One possible solution is to have PDCCH overbooking and dropping to be performed in any span within a slot. This is reasonable from network perspective for scheduling flexibility but couldn’t be supported at the UE side for the extensive complexity.
One main motivation is that this could be supported easily and that a span at 15/30 kHz is like a slot at 120 kHz in Rel-15. In making that statement they are assuming the UE should always support both FR1 and FR2 which is not necessarily the case.
If the number of combination of search spaces within a monitoring occasion are too large, the complexity caused by doing per-span PDCCH overbooking and dropping check will become too complex.
In Rel-15, the UE will operate as follows [pseudo code defined in 38.213]
1. The UE will count the number of CCEs allocated per slot across all the search space sets configured. 
1. If UE finds out that it is configured with SS sets on PCell that results in #CCEs (or BDs) larger than min(CTotal_Slot, CMax_Slot), then it will recognize an overbooking on the PCell (no overbooking allowed on SCells). 
1. If overbooking declared, the UE will do the dropping starting with the SS with the highest index. It will drop SS one by one and check each time if the budget meets the required upper limit. 
When there are 10 search spaces mapping to the same CORESET, the maximum number of combinations of search spaces needed to be monitored in each monitoring occasion is up to  considering that a search space may need to or not need to be monitored (because each search space has its own monitoring symbol bitmap and periodicity). This means there are   kinds of PDCCH overbooking and dropping rule check results. If the number of combinations is too large, then the UE will have to do PDCCH overbooking and dropping each time.
Also, all the proposed options with CSS present will lead to the same issue since the gNB has the full flexibility to configure CSS in all the spans and the UE will still suffer in terms of complexity. 
There should be a limited number of spans where overbooking/dropping is allowed and only in a spans with CSS present. The spans could be anywhere in the slot and the number of spans with overbooking/dropping to be configured or defined as a UE capability. It is also possible to define fixed position. We are also fine with that approach, but we prefer the spans to be anywhere in the slot as this offers more scheduling flexibility without much increase in complexity. 
The PDCCH overbooking/dropping is only performed in a span with CSS present, with up to X spans per slot. If there are more than X spans in a slot with CSS present, the overbooking/dropping can be performed only on the first X spans with CCS present.

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


We therefore support the following proposal:
Proposal#4:  support option-1 Alt-3:
       Option 1：PDCCH overbooking/dropping is only performed in a span with CSS present
o   Alt. 3: At most X span(s) with CSS present within a slot, including type-3 CSS 
  FFS: If the number of spans with CSS present within a slot is larger than X, then PDCCH overbooking/dropping is performed in the first X spans with CSS present
  For the value of X,
· Alt.3-1: X=2 
· Alt.3-2: X=1
· Alt.3-3: X is UE capability, the candidate value for X is {1, 2, FFS}  

0. How to perform PDCCH dropping in a span
PDCCH candidate dropping in a span, down select one from the following options:
· Option 1 (i.e. original option 2): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j, i.e. no partial dropping in any search space set 
· Option 2 (i.e. original option 3): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.
We are supporting Option 1. Option-2 is adding unnecessary complexity to the UE. Also, Option 1 has similar behaviour to Rel-15 and will not lead to significant changes in the specs. 
Proposal#5: Support Option 1 where the UE can skip monitoring all PDCCH candidates in the search space sets.
PDCCH monitoring capability Scaling PDCCH monitoring capability
This issue is about scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability.
In RAN1#100e, a working assumption on the aligned case has been reached and the non-aligned case has been postponed to this meeting. The main reason to postpone it is the complexity in handling this case and the ambiguity in defining the “non-aligned” case and also how to further optimize the non-aligned case.
Below is an example of an aligned case and non-aligned case: 
Example: UE supports 2 CCs and reports pdcchMonitoringCA-r16 = 1 with (7, 3, 56). The UE configured with Rel-16 monitoring on both CCs.

· Aligned spans:
[image: ]
· Non-aligned spans:
[image: ] 

The following working assumption has been reach in RAN1#100e:
Working assumption:
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on all downlink cells from the  downlink cells are aligned, where

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

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

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

We are fine to confirm the working assumption above for the aligned case.
Proposal#6:  confirm the working assumption for the aligned spans.
For non-aligned spans we are ok to check for all the possible combinations of any set of spans. This includes all potential combinations of different spans on different carriers, and all the combinations need to ensure the total number of non-overlapping CCEs is smaller than what the UE could support on a single span over all the maximum number of supported CCs. Although, this solution comes with some complexity it is the simplest way to handle and specify this issue.
Proposal#7: For non-aligned spans, support the check of all combinations of any set of spans:
· The UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set

Regarding the ambiguity in defining the non-aligned and aligned spans case. We agree with the following definition to distinguish aligned and non-aligned
For the aligned case: for every span in every carrier, it exists a span in every other carrier starting from the same symbol. If not, then it is a non-aligned case. 
In case all the spans look aligned but there are some empty spans, then for simplicity, this should be considered as non-aligned. Dealing with all the corner cases, will add extra complexity and doesn’t encourage the implementation of this feature. 
Also, the URLLC service is to be mostly deployed over a single CC so trying to optimize the case of the non-aligned spans with large number of carriers, could be counterproductive for a very unrealistic deployment. So although we need to specify this case there is no need to reach the ideal solution because it will be very complex and not attractive for deployment.
Proposal#8: The spans are defined as aligned if for every span in every carrier, it exists a span in every other carrier starting from the same symbol. If not, then it is a non-aligned case. 
Also, the combination of cells where some of them have aligned spans and the remaining cells have non-aligned spans, should be considered as non-aligned. 
PDCCH CCEs and BDs Budgets, minimum number of reported CCs for PDCCH monitoring capability
The reason for the proposed changes is: 
· The Maximum numbers of non-overlapped CCEs in a span for monitoring span patterns (2,2) and (4,3) are not specified yet.
· The Maximum numbers of monitored PDCCH candidates in a span for monitoring span patterns (2,2) , (4,3) and (7,3) are not specified yet.

If this change is not included and approved, the UE and the NW will not be able to use the PDCCH monitoring span feature with the enhanced BD/CCE limits. The UE couldn’t report the supported monitoring spans with their associated BD/CCE limits.  This will impact the latency and the reliability of the system and the eURLLC service.

Table 10.1-3A in TS 38.213 provides the maximum number of non-overlapped CCEs, , for a DL BWP with SCS configuration 𝜇 that a UE is expected to monitor corresponding PDCCH candidates per span for operation with a single serving cell.
 Proposal#9: Two options for the selection of the maximum number of non-overlapped CCEs and the limitation on the minimum number of reported CCs for PDCCH monitoring capability: 
· Option 1: 

	
	Maximum number  of non-overlapped CCEs per span pattern (𝑿, 𝒀) and per serving cell 

	𝜇
	(2, 2)
	(4, 3)
	(7, 3)

	0
	M0116
	M02 36
	56

	1
	M1116
	M12 36
	56



·  UE can report support of monitoring at least [TP in Appendix-A]
· 2 Rel-16 CCs. Hence, X = 2
· 2 Rel-16 CCs + 2 Rel-15 (slot-based monitoring) CCs. Hence, Y = 2 and Z = 2. 
· Option 2: 

	
	Maximum number  of non-overlapped CCEs per span pattern (𝑿, 𝒀) and per serving cell 

	𝜇
	(2, 2)
	(4, 3)
	(7, 3)

	0
	M0124
	M02 48
	56

	1
	M1124
	M12 48
	56



·  UE can report support of monitoring at least [TP in Appendix-A]
· 2 Rel-16 CCs. Hence, X = 2
· 1 Rel-16 CCs + 2 Rel-15 (slot-based monitoring) CCs. Hence, Y = 2 and Z = 1. 

We endorse the support of option 2 as it offers good trade-off between UE control channel processing complexity and network scheduling flexibility. For monitoring span (2, 2), restricting C to 16 CCEs as in option 1 is very limiting for the scheduler, especially for the first monitoring occasion in the slot where the UE will be likely configured with common search space and UE specific search space. 

Table 10.1-2A in TS 38.213 provides the maximum number of monitored PDCCH candidates, , per span for a UE in a DL BWP with SCS configuration 𝜇 for operation with a single serving cell.
Proposal#10: The following maximum number of monitored PDCCH candidates should be adopted: 

	
	Maximum number  of monitored PDCCH candidates per span pattern (𝑿, 𝒀) and per serving cell 

	𝜇
	(2, 2)
	(4, 3)
	(7, 3)

	0
	M01 14
	M02 30
	M03 44

	1
	M11 12
	M12 24
	M13 36





Conclusion
In this contribution, we have made few proposals for the DCI size alignment issue and for the PDCCH candidate overbooking. 
 It is also proposed to update Table 10.1-2A and Table 10.1-3A of TS 38.213 regarding the maximum number of monitored PDCCH candidates and the maximum number of non-overlapped CCEs as depicted in Section 5 of this document. It is also proposed to update Section 10 of TS 38.213 regarding the minimum number of reported CCs for PDCCH monitoring capability as depicted in Appendix-I. 
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Option 1: 
======================== Start of TP for TS 38.213 =============================
== Unchanged part is omitted ==
If a UE indicates in UE-NR-Capability-r16 a carrier aggregation capability larger than X 2 downlink cells, the UE includes in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs that the UE can monitor per span when the UE is configured for carrier aggregation operation over more than X downlink cells. When a UE is not configured for NR-DC operation and the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for all downlink cell where the UE monitors PDCCH, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per span that corresponds to 𝑁𝑐𝑒𝑙𝑙𝑠 𝑐𝑎𝑝−𝑟16 downlink cells, where 
- 𝑁𝑐𝑒𝑙𝑙𝑠 𝑐𝑎𝑝−𝑟16 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16 
- otherwise, 𝑁𝑐𝑒𝑙𝑙𝑠 𝑐𝑎𝑝−𝑟16 is the value of pdcch-BlindDetectionCA-r16 
If a UE indicates in UE-NR-Capability-r15 or in UE-NR-Capability-r16 a carrier aggregation capability larger than Y 2 downlink cells or larger than Z 2 downlink cells, respectively, the UE includes in UE-NR-Capability-r15 or in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for downlink cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability or for downlink cells with PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability when the UE is configured for carrier aggregation operation over more than Y downlink cells or over more than Z downlink cells, respectively, and with at least one downlink cells from the Y downlink cells and at least one downlink cell from the Z downlink 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 or per span that corresponds to 𝑁𝑐𝑒𝑙𝑙𝑠,15 𝑐𝑎𝑝−𝑟16 downlink cells or to 𝑁𝑐𝑒𝑙𝑙𝑠,𝑟16 𝑐𝑎𝑝−𝑟16 downlink cells, respectively, where 
- 𝑁𝑐𝑒𝑙𝑙𝑠,15 𝑐𝑎𝑝−𝑟16 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r15 
- otherwise, 𝑁𝑐𝑒𝑙𝑙𝑠,𝑟15 𝑐𝑎𝑝−𝑟16 is the value of pdcch-BlindDetectionCA-r15 
and
- 𝑁𝑐𝑒𝑙𝑙𝑠,16𝑐𝑎𝑝−𝑟16 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16 
- otherwise, 𝑁𝑐𝑒𝑙𝑙𝑠,𝑟16𝑐𝑎𝑝−𝑟16 is the value of pdcch-BlindDetectionCA-r16

== Unchanged part is omitted ==
======================== End of TP for TS 38.213 =============================
Option 2: 
======================== Start of TP for TS 38.213 =============================
== Unchanged part is omitted ==

If a UE indicates in UE-NR-Capability-r16 a carrier aggregation capability larger than X 2 downlink cells, the UE includes in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs that the UE can monitor per span when the UE is configured for carrier aggregation operation over more than X downlink cells. When a UE is not configured for NR-DC operation and the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for all downlink cell where the UE monitors PDCCH, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per span that corresponds to 𝑁𝑐𝑒𝑙𝑙𝑠 𝑐𝑎𝑝−𝑟16 downlink cells, where 
- 𝑁𝑐𝑒𝑙𝑙𝑠 𝑐𝑎𝑝−𝑟16 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16 
- otherwise, 𝑁𝑐𝑒𝑙𝑙𝑠 𝑐𝑎𝑝−𝑟16 is the value of pdcch-BlindDetectionCA-r16 
If a UE indicates in UE-NR-Capability-r15 or in UE-NR-Capability-r16 a carrier aggregation capability larger than Y 2 downlink cells or larger than Z 1 downlink cells, respectively, the UE includes in UE-NR-Capability-r15 or in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for downlink cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability or for downlink cells with PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability when the UE is configured for carrier aggregation operation over more than Y downlink cells or over more than Z downlink cells, respectively, and with at least one downlink cells from the Y downlink cells and at least one downlink cell from the Z downlink 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 or per span that corresponds to 𝑁𝑐𝑒𝑙𝑙𝑠,15 𝑐𝑎𝑝−𝑟16 downlink cells or to 𝑁𝑐𝑒𝑙𝑙𝑠,𝑟16 𝑐𝑎𝑝−𝑟16 downlink cells, respectively, where 
- 𝑁𝑐𝑒𝑙𝑙𝑠,15 𝑐𝑎𝑝−𝑟16 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r15 
- otherwise, 𝑁𝑐𝑒𝑙𝑙𝑠,𝑟15 𝑐𝑎𝑝−𝑟16 is the value of pdcch-BlindDetectionCA-r15 
and
- 𝑁𝑐𝑒𝑙𝑙𝑠,16𝑐𝑎𝑝−𝑟16 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16 
- otherwise, 𝑁𝑐𝑒𝑙𝑙𝑠,𝑟16𝑐𝑎𝑝−𝑟16 is the value of pdcch-BlindDetectionCA-r16

== Unchanged part is omitted ==

======================== End of TP for TS 38.213 =============================
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