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1 [bookmark: _Ref1160581]Introduction
In this contribution, we present our views on some of the remaining aspects on newly introduced DCI formats 0_2/1_2 and Rel-16 PDCCH monitoring enhancements for URLLC and IIoT use cases. 
2 [bookmark: _Hlk31658766]Remaining aspects with respect to URLLC DCI 
2.1 [bookmark: _Hlk31658794]Identification of DCI formats with same sizes
[bookmark: _Hlk31869922]During the RAN1 #100-E meeting, it was heavily debated whether and how to handle cases involving same sized DCI formats between DCI formats 0_2/1_2 and either of DCI formats 0_0/1_0 or 0_1/1_1. To simplify the DCI format identification procedure, it was agreed to avoid the support of cases wherein the UE may be configured to monitor for either pair of DCI formats, such that the new DCI formats have same size as either of the fallback or non-fallback DCI formats, at least when the DCI formats may be mapped to the same resources (e.g., CORESETs). Amongst various options to implement this principle, the prominent ones were:
· Alt. 1: 
· Zero-padding to formats 0_2/1_2 to distinguish from formats 0_0/1_0
· Zero-padding to formats 0_1/1_1 to distinguish from formats 0_2/1_2
· Alt. 2:
· Rely on gNB scheduling and appropriate configuration of bit-fields for either or both of formats 0_1/1_1 and 0_2/1_2 to ensure that the DCI formats can be distinguished. 
The key reasoning behind Alt. 1 is that it follows Rel-15 principles. On the other hand, it is acknowledged that Alt. 2 is certainly a feasible approach to address the issue. However, even if it is left up to gNB implementation to ensure that the UE does not experience any DCI format identification ambiguity issue, from a specification standpoint, it should be ensured that the UE implementation is not expected to handle such scenarios. Thus, it is recommended to at least specify that the UE does not expect to see such configurations.
Proposal 1
· [bookmark: _Hlk31869654]A UE is not expected to monitor a first decoding candidate with DCI format 0_0/1_0  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_0/1_0 and 0_2/1_2 have the same size.  
· A UE is not expected to monitor a first decoding candidate with DCI format 0_1/1_1  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_1/1_1 and 0_2/1_2 have the same size.  
2.2 Priority indication via DCI formats 0_1/1_1 and 0_2/1_2 
During RAN1 #99, an optional UE capability was agreed that when both DCI format 0_1/1_1 and DCI format 0_2/1_2 are configured to be monitored per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities, respectively. 
Thus, for UEs that may not support the above feature, the DCI formats 0_1/1_1 may only schedule PUSCH or HARQ-ACK transmission with priority index 0, while DCI formats 0_2/1_2 may still schedule PUSCH or HARQ-ACK transmission associated with either priority index 0 or 1. Beyond this restriction, no additional mechanism is necessary.
Proposal 2
· A UE, that does not support indication of both priorities by DCI formats 0_1/1_1/0_2/1_2 when these DCI formats are configured for monitoring in a DL BWP, does not expect to receive an UL grant/DL assignment via DCI format 0_1/1_1 indicating the corresponding PUSCH as high priority, or transmission of A/N feedback using higher priority HARQ-ACK CB, respectively.
3 [bookmark: _Hlk31658821]PDCCH Monitoring enhancements 
3.1 [bookmark: _Hlk31658986]Defining per-span (Rel-16) monitoring requirements
It has been agreed that the per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is C (X & Y pair indicates span pattern effectively, or a set of span patterns that need to be satisfied, and there can be multiple [X, Y]s in the UE reported candidate value set in every slot). 
While the total number of non-overlapping CCEs (and/or BDs) per slot may increase compared to Rel-15, a limit on the per-span requirements is also defined. During RAN1 #99, the following agreements were made:
Agreement
· Support separate UE capability signaling of the supported combination (X, Y, ) 
· The support of each (X, Y, ) can be reported separately for different minimum processing capability. 
· The value of C for combination (7, 3) for 15 kHz and 30 kHz is 56.
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is [FFS]. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is [FFS]. 
· FFS: Different values for 15kHz and 30kHz
[bookmark: _Hlk31701806]Agreement
[bookmark: _Hlk31701790]PDCCH monitoring can be configured based on either Rel-15 capability (i.e. per slot based capability) or Rel-16 capability (i.e. per span based capability) on a serving cell 
· For Rel-16 PDCCH monitoring capability,
· …
· The maximum number of monitored PDCCH candidates per span is
· M1 per span for (2, 2)
· M2 per span for (4, 3)
· M3 per span for (7, 3)
· Note: 
· The total number of monitored PDCCH candidates is not smaller than the limit per slot in Rel-15
· The value of M1, M2 and M3 can be different and SCS dependent 
Considering the reliability and latency requirements, as well as the traffic characteristics of URLLC traffic, some possible candidate values for maximum number of non-overlapped CCEs and BDs are proposed in Tables 1 and 2 below, respectively.  According to these per-span limits, any potential impact to eMBB scheduling flexibility is minimal in practice, as the proposed values are close to the slot-based limits for X = 7 and X = 4 (i.e., PDCCH monitoring capabilities close to Rel-15 eMBB are achieved). On the other hand, for a UE configured with span patterns (X,Y) = (2,2), it is not likely that a large number of CCEs within a single span is required to accommodate the eMBB scheduling. 
Regarding the span-level limits on the numbers of BDs, it is noted that the need for an increased number of BDs is significantly less pronounced compared to the numbers of non-overlapping CCEs.  

Table 1: Maximum number of per-span non-overlapping CCEs as a function of span pattern and SCS.
	　
	X
	Y
	Maximum number of non-overlapped CCEs per span

	
	
	
	=0
	=1

	Case 1
	2
	2
	20
	20

	Case 2
	4
	3
	40
	38

	Case 3 (agreed)
	7
	3
	56
	56

	Rel-15 reference (per slot)
	56
	56



Table 2: Maximum number of per-span monitored PDCCH candidates as a function of span pattern and SCS.
	　
	X
	Y
	Maximum number of BDs per span

	
	
	
	=0
	=1

	Case 1, M1
	2
	2
	14
	12

	Case 2, M2
	4
	3
	24
	20

	Case 3, M3
	7
	3
	44
	36

	Rel-15 reference (per slot)
	44
	36



Proposal 3
· Specify the values of C(X,Y) and M(X,Y) for Rel-16 PDCCH monitoring capability as in the following tables:
Maximum number of per-span non-overlapped CCEs as a function of span pattern and SCS.
	　
	X
	Y
	Maximum number of non-overlapped CCEs per span

	
	
	
	=0
	=1

	Case 1
	2
	2
	20
	20

	Case 2
	4
	3
	40
	38

	Case 3 (agreed)
	7
	3
	56
	56

	Rel-15 reference (per slot)
	56
	56



Maximum number of per-span monitored PDCCH candidates as a function of span pattern and SCS.
	　
	X
	Y
	Maximum number of BDs per span

	
	
	
	=0
	=1

	Case 1, M1
	2
	2
	14
	12

	Case 2, M2
	4
	3
	24
	20

	Case 3, M3
	7
	3
	44
	36

	Rel-15 reference (per slot)
	44
	36




3.2 Switching between Rel-15 and Rel-16 PDCCH monitoring configurations
In Rel-16 URLLC, PDCCH monitoring can be configured based on either Rel-15 capability (i.e. per slot-based capability) or Rel-16 capability (i.e. per span based capability) on a serving cell, and the gNB configures which capability is used. An RRC parameter has been defined, ‘PDCCHMonitoringCapabilityConfig’ (i.e., via an explicit bit-field in PDCCHConfig), to (re-)configure either Rel-15 or Rel-16 PDCCH monitoring configurations for PDCCH monitoring on a serving cell. 
By switching between the configurations, the SS set configuration (i.e., via higher layer IE search-space-config))) can be reconfigured (or some of the parameters under this IE can be reconfigured). As such, different options may be considered to properly handle the reconfiguration. For example,
1) An optional (RRC) parameter can be introduced as part of the SS set configuration, to indicate which monitoring behavior the new configurations is associated to (particularly to indicate whether the search space set applies when the UE is configured with slot-level PDCCH monitoring or span-based PDCCH monitoring). While such design requires introduction of new RRC parameter to identify SS sets that apply for each monitoring configurations (i.e., Rel-15 vs. Rel-16), it may provide the most straightforward approach to enable the switching of monitoring configurations.
a) Another, a bit more compact, signaling approach could be to configure a separate parameter/list in PDCCH-Config – listing the SS set indices associated with a PDCCH monitoring configuration (e.g., R15PDCCHMonitoringSearchSpaceIdList, and R16PDCCHMonitoringSearchSpaceIdList). This would be an alternative to the option of configuring a new parameter as part of (each) search space set to indicate whether the SS set is associated with either or both of Rel-15 and Rel-16 PDCCH monitoring configurations. A SS set can be in both lists. In terms of the RRC overhead, separate list of SS set indices would be more efficient compared to per SS set-tagging. If these parameters are not configured or a SS set is not listed under either configuration, then the concerned SS sets are expected to be monitored irrespective of the indication via PDCCHMonitoringCapabilityConfig (i.e., equivalent to being in both lists). 
2) Alternatively, the UE may always rely on gNB’s SS set configuration (with no additional indication being introduced), when it indicates its capability of supporting Rel-16 on a particular carrier. This means that it can be left up to the gNB to ensure that the corresponding limits on number of BDs and non-overlapping CCEs are satisfied for both slot-based or span-based configurations, under the SS set configuration, and for a given serving cell. Further, such approach incurs significantly high RRC signaling overhead, due to reconfigurations of SS sets as well as incur significant NW scheduler complexity in ensuring that the corresponding limits are satisfied across the set of configured search space sets, some of which (e.g., certain CSS configurations like searchSpaceZero) may need to be maintained across the switching events to maintain connectivity.
In our view, given the overall tradeoffs between these mechanisms and the general benefits of Option 1-a, such design forms a suitable solution to enable the switching between PDCCH monitoring configurations in Rel-16 URLLC. Here, it should be further noted that specifying an efficient switching mechanism facilitates optimal switching between the two PDCCH monitoring configurations to achieve optimal trade-off between low latency performance and increased UE power consumption.
Proposal 4
· The UE can be configured with one or both of RRC parameters that list the SS set indices associated with Rel-15 and Rel-16 PDCCH monitoring capability configuration (e.g., R15PDCCHMonitoringSearchSpaceIdList, and R16PDCCHMonitoringSearchSpaceIdList). 
· A SS set can be in both lists. 
·  If this parameter/list is not configured or a SS set is not listed under either configuration, then the concerned SS sets are expected to be monitored irrespective of the indication via PDCCHMonitoringCapabilityConfig (i.e., equivalent to being in both lists).

3.3 CA configurations and BD/CCE requirements
During RAN1 #99, the following agreement was made:
Agreement 
UE reports its PDCCH monitoring capability for the following cases:
· Case 1: Capability on the number of CCs with Rel-15 monitoring capability only
· This capability already exists in Rel-15
· Case 2: Capability on the number of CCs with Rel-16 monitoring capability only
· pdcch-BlindDetectionCA-R16 can be smaller than 4
· Case 3: Capability on the number of CCs with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· Each of pdcch-BlindDetectionCA-R16 and pdcch-BlindDetectionCA-R15 can be smaller than 4
· (The minimum of pdcch-BlindDetectionCA-R15 + The minimum of pdcch-BlindDetectionCA-R16) is not larger than 4
· FFS (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) can be smaller than 4  
· pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 for the above three cases can be reported separately 

In TS 38.213, Clause 10, it has been specified that if 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  downlink cells, where  is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16, and otherwise,  is the value of pdcch-BlindDetectionCA-r16.
Further, if the UE is capable of handling both Rel-15 monitoring requirements as well as the enhanced monitoring (i.e., per-span) requirements, 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  downlink cells or to  downlink cells, respectively, where  is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r15, and otherwise,  is the value of pdcch-BlindDetectionCA-r15; also,  is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16, and otherwise,  is the value of pdcch-BlindDetectionCA-r16.

[bookmark: _Ref32600569]BD/CCE requirements in CA configurations

During the RAN1 #100-E meeting, the following were agreed as working assumptions for the determination of the limits on numbers of BDs and non-overlapped CCEs per span for serving cells configured with Rel-16 PDCCH monitoring: 


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

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

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

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

The cases involving “non-aligned spans” across the  DL cells remains open, and towards this, it was proposed to define the total limits across the  DL cells so as to consider any set of spans across the active DL BWP(s) of scheduling cell(s) from the   DL cells, with at most one span per scheduling cell for each set. Such a characterization ensures that the UE has sufficient time to process the PDCCH MOs for each PDCCH monitoring span in one or more of the set of DL cells, i.e., the limits should take into account that a configuration as in Fig. 1 is precluded since in this case, the UE may not be able to perform PDCCH monitoring with two back-to-back spans across the two CCs with 48 non-overlapped CCEs in each span although the single-cell per span maximum limit of 56 non-overlapped CCEs is satisfied.  

[image: ]
Fig. 1: An example of a configuration with non-aligned spans across two DL cells with the same applicable (X,Y)

Regarding the definitions of “aligned spans” and “non-aligned spans”, a set of DL cells satisfying a common combination (X,Y) is said to have “aligned spans” if and only if the PDCCH monitoring spans are aligned in time across all the cells. Here, “aligned in time” can be defined such that all cells satisfy the following:
· total number of spans are the same across the DL cells, and
· the k-th span in a DL cell #i overlaps with the k-th span in any other cell #j from the set of  DL cells such that the cardinality of the union of the sets of symbols corresponding to the k-th span across all the  DL cells is no larger than Y.

Cases not satisfying the above are considered as non-aligned spans. Further, there is no need to introduce any concept of “empty spans”, and a configuration as in Fig. 2 should be considered as non-aligned case.

[image: ]
Fig. 2: An example of a configuration with non-aligned spans across two DL cells with the same applicable (X,Y)
While it is acknowledged that defining the sum-limits on any set of spans across the DL cells implies certain level of scheduling restriction in distributing the BDs/non-overlapped CCEs, from typically expected scheduling approaches for URLLC, the overall impact is not significant. Span-based monitoring is primarily motivated for URLLC to support SS sets with multiple MOs in a slot. In such cases, the candidates are expected to be rather uniformly distributed across the spans within a slot for a given cell. Further, the loading of monitoring candidates across DL serving cells would also likely follow the ratio of traffic and PDCCH loading between cells, depending on how many cells (same and/or cross-carrier) are scheduled from each such serving cell, etc. Thus, a configuration as in Fig. 1, wherein the relative numbers of non-overlapped CCEs vary significantly between different parts of the slot, may be quite atypical. For instance, it may be much more typical to expect a configuration such that the UE is configured to monitor for 48 non-overlapped CCEs in both spans in CC#1 and 8 non-overlapped CCEs in both spans in CC#2. 

In fact, the need to support non-aligned spans across the DL cells satisfying a given combination (X,Y) itself may be questioned. Certainly, it offers more flexibility, but such flexibility may not be quite critical in practice, and it may be more prudent to only support configurations such that spans are aligned across the   DL cells that satisfy a given combination (X,Y). 

Proposal 5
· A set of DL cells satisfying a common combination (X,Y) have “aligned spans” if and only if the PDCCH monitoring spans are aligned in time across all the cells, where “aligned in time” implies:
· total number of spans are the same across the DL cells, and
· the k-th span in a DL cell #i overlaps with the k-th span in any other cell #j from the set of  DL cells such that the cardinality of the union of the sets of symbols corresponding to the k-th span across all the  DL cells is no larger than Y.

Proposal 6
· Down-select from the following two alternatives for characterization of limits on numbers of BDs and non-overlapped CCEs for cases involving non-aligned spans:
· Alt. 1: Adopt the characterizations in Proposals A and B below:
· Proposal A:
· If a UE is configured with downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than    non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the   downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where
,

·  is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j.
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.
· Proposal B:
· 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.
· Alt. 2: For R16 PDCCH monitoring, the UE does not expect to be configured with multiple DL cells satisfying a given combination (X,Y) with non-aligned spans.
· Considering available time as part of Rel-16 maintenance, Alt. 2 is preferred.

Further, for a DL serving cell that is deactivated, Rel-15 PDCCH monitoring should be assumed; that is, for deactivated DL cells, Rel-16 PDCCH monitoring is assumed as not being configured.

For the case of cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs per slot can be separately counted for each scheduled cell, and for each of Rel-15 and Rel-16 per-span monitoring requirements/capabilities. Accordingly, it is necessary to provide the UE with the corresponding PDCCH monitoring configuration for the scheduled cells. For this purpose, the new RRC parameter PDCCHMornitoringCapability should be provided in the PDCCH-Config IE for the scheduled cell (in addition to searchSpacesToAddModList and searchSpacesToReleaseList).

When the UE is provided with Rel-16 PDCCH monitoring capability configuration and carrier aggregation, to simplify the PDCCH BD/CCE dimensioning and overall operation considering typical use cases, it is recommended that cross-carrier scheduling be limited to cases wherein the scheduling cell and the scheduled cell have the same PDCCH monitoring capability configuration, that is, for both scheduling cell and scheduled cell, the UE is  provided with either Rel-15 or Rel-16 PDCCH monitoring capability configuration. 

Further, when the UE is provided with Rel-16 PDCCH monitoring capability configuration and carrier aggregation, cross-carrier scheduling between two DL cells for which the UE is provided with Rel-16 PDCCH monitoring configuration should be limited to cases wherein the scheduling cell and the scheduled cell are provided with active DL BWPs with same SCS configuration, and the search space set configurations are such that the same span-pattern (X,Y) applies in both cells. 

Proposal 7
· For the case of cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs per slot can be separately counted for each scheduled cell, and for each of Rel-15 and Rel-16 per-span monitoring requirements/capabilities.
· RRC parameter PDCCHMornitoringCapability should be provided in the PDCCH-Config IE for the scheduled cell (in addition to searchSpacesToAddModList and searchSpacesToReleaseList)
· When the UE is provided with Rel-16 PDCCH monitoring capability configuration and carrier aggregation, 
· cross-carrier scheduling is limited to cases wherein the scheduling cell and the scheduled cell have the same PDCCH monitoring capability configuration.
· cross-carrier scheduling between two DL cells, for which the UE is provided with Rel-16 PDCCH monitoring configuration, is limited to cases wherein the scheduling cell and the scheduled cell are provided with active DL BWPs with same SCS configuration and with search space set configurations such that the same span-pattern (X,Y) applies. 

In addition to the above, the per-scheduled cell limits need to be specified as well. 

Proposal 8
· For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration µ of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per span, for combination (X,Y), if the DL scheduling cell is configured with Rel-16 PDCCH monitoring.

3.4 [bookmark: _Hlk31662151]Overbooking and dropping aspects
It has been agreed to consider similar principles as for cell scheduling with different numerologies as in Rel-15, e.g., not allowing overbooking on the SCell. On the other hand, it has been also agreed that since the counting of BDs and non-overlapping CCEs is performed on a span basis, the overbooking and dropping rules should also be defined on a span basis. To avoid further complications with respect to defining the overbooking and dropping behaviors, the requirements on the number of BDs are also defined per-span, for the enhanced PDCCH monitoring capabilities. 

Regarding whether or not PDCCH overbooking may be performed in all spans or only in limited sub-set of spans, the following options were discussed during RAN1 #100-E meeting:
· 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. 

First, we observe that the computations necessary for determination of potential PDCCH candidate/SS set dropping primarily amounts to calculation of the numbers of non-overlapped CCEs as the hashing function for UE-SS varies at a slot level. Further, for a given SS set, the hashing function is the same for all MOs in a slot, and these computations can be performed based on RRC configuration of the SS sets, and thus, can be performed offline. Thus, a significant impact to UE complexity is not foreseen.

Nevertheless, if the intention is to minimize any incurred complexity at the UE due to the counting procedures for overbooking and dropping, then it does not help at all to define it as a function of whether or not CSS candidates are mapped to a span; the number of spans need to be restricted.  

Further, there is no need to define additional UE capability for the value of X if we limit the number of spans for overbooking. This is not something fundamental enough to merit separate UE capability definition, and instead X = 1 or 2 should be specified.
 
Proposal 9
· For applicability of PDCCH overbooking for span-based monitoring, down-select from amongst the following alternatives:
· Alt. 1: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. (Option 3).
· Alt. 2: PDCCH overbooking/dropping is only performed in at most X span(s) within a slot, with X = 1 or 2 (specified) (Option 2).

In terms of the details of how to perform the dropping, during RAN1 #99 and RAN1 #100-E, the following candidate solutions were proposed:
· Option 1: If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in span j.
· 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.
· 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.   
Particularly, Option 3 considers the case of dropping the exceeding candidates which fall within the span for a SS set, instead of dropping the entire SS set (as in Rel-15). However, such design introduces further specification impacts as well as UE and network scheduler implementation complications, while similar granularity for the dropping can be achieved by proper configuration of SS sets (i.e., configure multiple SS sets with a smaller number of candidates to achieve finer granularity in dropping). 
In the Appendix, we provide the required updates to TS 38.213 Subclause 10.1, in order to support the per-span SS set-level dropping (Option 2). 
Proposal 10
· For overbooking in the PCell or PSCell, dropping of PDCCH candidates is performed at the span-level and using granularity of search space sets (Option 2).
· Adopt the corresponding text proposal (Text proposal #1) in the Appendix to implement the same.
4 Conclusions 
In this contribution, we presented our views on the remaining aspects with respect to Rel-16 PDCCH monitoring enhancements, as well as few open issues in terms of URLLC DCI design. Based on the presented discussion and analysis, we have the following proposals:
Proposal 1
· A UE is not expected to monitor a first decoding candidate with DCI format 0_0/1_0  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_0/1_0 and 0_2/1_2 have the same size.  
· A UE is not expected to monitor a first decoding candidate with DCI format 0_1/1_1  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_1/1_1 and 0_2/1_2 have the same size.  
Proposal 2
· A UE, that does not support indication of both priorities by DCI formats 0_1/1_1/0_2/1_2 when these DCI formats are configured for monitoring in a DL BWP, does not expect to receive an UL grant/DL assignment via DCI format 0_1/1_1 indicating the corresponding PUSCH as high priority, or transmission of A/N feedback using higher priority HARQ-ACK CB, respectively.
Proposal 3
· Specify the values of C(X,Y) and M(X,Y) for Rel-16 PDCCH monitoring capability as in the following tables:
Maximum number of per-span non-overlapped CCEs as a function of span pattern and SCS.
	　
	X
	Y
	Maximum number of non-overlapped CCEs per span

	
	
	
	=0
	=1

	Case 1
	2
	2
	20
	20

	Case 2
	4
	3
	40
	38

	Case 3 (agreed)
	7
	3
	56
	56

	Rel-15 reference (per slot)
	56
	56



Maximum number of per-span monitored PDCCH candidates as a function of span pattern and SCS.
	　
	X
	Y
	Maximum number of BDs per span

	
	
	
	=0
	=1

	Case 1, M1
	2
	2
	14
	12

	Case 2, M2
	4
	3
	24
	20

	Case 3, M3
	7
	3
	44
	36

	Rel-15 reference (per slot)
	44
	36


Proposal 4
· The UE can be configured with one or both of RRC parameters that list the SS set indices associated with Rel-15 and Rel-16 PDCCH monitoring capability configuration (e.g., R15PDCCHMonitoringSearchSpaceIdList, and R16PDCCHMonitoringSearchSpaceIdList). 
· A SS set can be in both lists. 
·  If this parameter/list is not configured or a SS set is not listed under either configuration, then the concerned SS sets are expected to be monitored irrespective of the indication via PDCCHMonitoringCapabilityConfig (i.e., equivalent to being in both lists).

Proposal 5
· A set of DL cells satisfying a common combination (X,Y) have “aligned spans” if and only if the PDCCH monitoring spans are aligned in time across all the cells, where “aligned in time” implies:
· total number of spans are the same across the DL cells, and
· the k-th span in a DL cell #i overlaps with the k-th span in any other cell #j from the set of  DL cells such that the cardinality of the union of the sets of symbols corresponding to the k-th span across all the  DL cells is no larger than Y.

Proposal 6
· Down-select from the following two alternatives for characterization of limits on numbers of BDs and non-overlapped CCEs for cases involving non-aligned spans:
· Alt. 1: Adopt the characterizations in Proposals A and B below:
· Proposal A:
· If a UE is configured with downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than    non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the   downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where
,

·  is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j.
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.
· Proposal B:
· 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.
· Alt. 2: For R16 PDCCH monitoring, the UE does not expect to be configured with multiple DL cells satisfying a given combination (X,Y) with non-aligned spans.
· Considering available time as part of Rel-16 maintenance, Alt. 2 is preferred.
Proposal 7
· For the case of cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs per slot can be separately counted for each scheduled cell, and for each of Rel-15 and Rel-16 per-span monitoring requirements/capabilities.
· RRC parameter PDCCHMornitoringCapability should be provided in the PDCCH-Config IE for the scheduled cell (in addition to searchSpacesToAddModList and searchSpacesToReleaseList)
· When the UE is provided with Rel-16 PDCCH monitoring capability configuration and carrier aggregation, 
· cross-carrier scheduling is limited to cases wherein the scheduling cell and the scheduled cell have the same PDCCH monitoring capability configuration.
· cross-carrier scheduling between two DL cells, for which the UE is provided with Rel-16 PDCCH monitoring configuration, is limited to cases wherein the scheduling cell and the scheduled cell are provided with active DL BWPs with same SCS configuration and with search space set configurations such that the same span-pattern (X,Y) applies. 

Proposal 8
· For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration µ of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per span, for combination (X,Y), if the DL scheduling cell is configured with Rel-16 PDCCH monitoring.
Proposal 9
· For applicability of PDCCH overbooking for span-based monitoring, down-select from amongst the following alternatives:
· Alt. 1: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. (Option 3).
· Alt. 2: PDCCH overbooking/dropping is only performed in at most X span(s) within a slot, with X = 1 or 2 (specified) (Option 2).
Proposal 10
· For overbooking in the PCell or PSCell, dropping of PDCCH candidates is performed at the span-level and using granularity of search space sets (Option 2).
· Adopt the corresponding text proposal (Text proposal #1) in the Appendix to implement the same.
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Appendix – Text Proposal for TS 38.213, v16.1.0
Text proposal #1 for supporting span-level overbooking and dropping:
	----------------Text proposal starts for TS 38.213, v16.1.0, Section 10.1 ------------------
10.1	UE procedure for determining physical downlink control channel assignment 
*** Unchanged text is omitted ***

[bookmark: _GoBack]A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot that exceed the corresponding maximum numbers per slot.

For same cell scheduling or for cross-carrier scheduling where a scheduling cell and scheduled cell(s) have DL BWPs with same SCS configuration , a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot. 
For cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs per slot are separately counted for each scheduled cell.
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration µ in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring. 








For all search space sets within a slot  for PDCCH candidate allocation in a slot, or within a span of slot n for PDCCH candidate allocation in a span, denote by  a set of CSS sets with cardinality of  and by  a set of USS sets with cardinality of . The location of USS sets , , in  is according to an ascending order of the search space set index. 






Denote by , , the number of counted PDCCH candidates for monitoring for CSS set  and by , , the number of counted PDCCH candidates for monitoring for USS set . 


For the CSS sets, a UE monitors  PDCCH candidates requiring a total of  non-overlapping CCEs in a slot. 

[bookmark: _Hlk31813990]The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration  in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring. 







Denote by  the set of non-overlapping CCEs for search space set  and by  the cardinality of  where the non-overlapping CCEs for search space set  are determined considering the allocated PDCCH candidates for monitoring for the CSS sets and the allocated PDCCH candidates for monitoring for all search space sets , .
Set
  , and
Set 
,
if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells,
or set
  , and
, 
if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell and all serving cells,
or set 
 , and
, 
if the UE is either not provided PDCCHMonitoringCapabilityConfig or the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for at least one serving cell, and the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell.

Set 


while  AND 


allocate  PDCCH candidates for monitoring to USS set  

;

;

 ;
end while
----------------Text proposal ends for TS 38.213, v16.1.0, Section 10.1 ------------------
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