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1	Introduction 
In this document, remaining issues on PDCCH enhancements for Release 16 URLLC are addressed. Corresponding text proposals are also provided.
2         Clarifications on Span Definition
It was raised at the last e-meeting when finalizing text proposals for span definition that some existing constraints described by FG3-5b may need to be captured in TS 38.213. It is a common understanding during the discussion that FG3-5b is not a prerequisite for the span based PDCCH monitoring in Release 16. Therefore, FG3-5b cannot be used as a reference for the span definition in TS38.213 and whichever constraints applicable should be captured by TS38.213. As discussed by the email, it still needs to be decided yet whether the existing constraint in FG3-5b “the same span pattern repeats in every slot” is applicable and whether to be captured in TS38.213.
In our view, whether this constraint is applied may have impacts to both network configuration and UE implementation. Given the constraint “the same span pattern repeats in every slot”, a UE does not need to track span distributions slot by slot and can construct a span pattern in a slot and reuse the pattern for all subsequent slots. On the other hand, even without this constraint a UE may still be able to construct span distributions across slots in advance based on RRC configuration (or reconfiguration). There could be some UE computation complexity savings when this constraint is applied. According to current search space set configurations, the monitoring occasions for a search space set are distributed over slots in a SPS-alike manner, i.e.,  consecutive slots every slots, . The network by this constraint may have to configure PDCCH monitoring occasions every slot. Although it is likely to configure much denser monitoring occasions for URLLC, it may still be useful for network to configure the UE to skip some slots for PDCCH monitoring. In this sense, ensuring same span pattern across slots that contain monitoring occasion could be sensible from both UE and network perspective.
Proposal 1: A same span pattern within a slot repeats in every slot containing a monitoring occasion.

Accordingly, the proposed text changes are as follows:
******************************************* Start of TP  *******************************************
10.1	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are 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. A same span pattern within a slot repeats in every slot containing a PDCCH monitoring occasion. 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, where the number of symbols of the span is up to Y. 
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
3         PDCCH Monitoring for Cross-Carrier Scheduling
At the last e-meeting, some clarifications regarding joint operations of cross-carrier scheduling and span based PDCCH monitoring were captured in the specification. The basic change to specification is to group scheduled cells based on the numerologies of their corresponding scheduling cells for span based PDCCH monitoring similarly to slot based PDCCH monitoring. In addition, number of CORESET pool indices and monitoring capability (r15monitoringcapability or r16monitoringcapability) are also used to group the scheduled cells respectively for eMIMO and slot-based vs. span-based PDCCH monitoring. Some ambiguities still exist for these grouping rules on whether the parameters are applied for scheduling cells or scheduled cells.
·  downlink cells denote  scheduled cells.  Therefore, the descriptions “all CORESETs on all DL BWPs of each serving cell from the first set of serving cells ” and “where the scheduling cell is from the  downlink cells”  are incorrect. Similar phrases appear in many places in the specification, which should be corrected.
· The description “If a UE is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig-r16 or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability” is ambiguous. There can be two different interpretations:1) monitoringCapabilityConfig-r16 is not provided for the downlink cells; 2) monitoringCapabilityConfig-r16 is not provided for the scheduling cell(s) of the downlink cells. According to the discussions at last e-meeting, the second interpretation should be correct. The basis of the first interpretation is whether non-support of monitoringCapabilityConfig-r16 configuration (exactly the phrase “the fields are absent” as described by TS38.331) is considered to pertain to the case of monitoringCapabilityConfig-r16 not being provided.
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Proposal 2: Clarify the scheduled cell grouping rules for cross-carrier scheduling are based on scheduling cells rather than scheduled cells.
The corresponding proposed text changes are captured as follows:
******************************************* Start of TP  *******************************************
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< 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 schedulingserving cell from of the first set of serving cells, and
-	a second set of  serving cells where the UE 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 schedulingserving cell offrom  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. 
< Unchanged parts are omitted >
10.1	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
If a UE is configured with   downlink cells with associated PDCCH candidates monitored in the active DL BWP(s) of the scheduling cell(s) using SCS configuration  where , the UE is not required to monitor, on the active DL BWP(s) of the scheduling cell(s), 
-	more than [image: ] PDCCH candidates or more than [image: ] non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells, 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 the scheduling cell(s) of 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, 
[bookmark: _Hlk530114396]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 of the  downlink cells.
For each scheduled cell from the  downlink cells, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell from the  downlink cells more than [image: ] PDCCH candidates or more than [image: ] non-overlapped CCEs per slot.
For each scheduled cell from the  downlink cells, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell from the  downlink cells 
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for CORESETs with same CORESETPoolIndex value
If a UE is configured only with  downlink cells for the scheduling cell(s) of 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 for whichusing combination  is used 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) offrom the  downlink cells, if the union of PDCCH monitoring occasions on all scheduling cells offrom 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 offrom 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 cell(s) using 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 .
For each scheduled cell, from the  downlink cells using combination  the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell, from the  downlink cells using combination , more than  PDCCH candidates or more than  non-overlapped CCEs per span.
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
4         PDCCH Monitoring for Multiple TRPs/Panels
There was a short discussion on whether to support span based PDCCH monitoring and multiple DCIs scheduling multiple PDSCHs in a serving cell simultaneously in the preparation phase at the last e-meeting. As only single DCI scheduling multiple PDSCHs are considered during eMIMO based URLLC discussion, there is a common understanding that multiple DCIs scheduling multiple PDSCHs and span based PDCCH monitoring are not supported simultaneously in a serving cell. 
The leftover issue is whether to support multiple DCIs scheduling multiple PDSCHs for a downlink cell with monitoringCapabilityConfig-r16 = r15monitoringcapability when some downlink cells are configured with monitoringCapabilityConfig-r16 = r15monitoringcapability and the other downlink cells are configured with monitoringCapabilityConfig-r16 = r16monitoringcapability.  As separate UE capability can be reported in UE-NR-Capability-r16 for downlink cells with monitoringCapabilityConfig-r16 = r15monitoringcapability and downlink cells with monitoringCapabilityConfig-r16 = r16monitoringcapability, the support of multiple DCIs scheduling multiple PDSCHs for a downlink cell with monitoringCapabilityConfig-r16 = r15monitoringcapability can be up to UE capability and network configuration. The serving cell grouping according to the number of CORESET resource pool indices could be reused when monitoringCapabilityConfig-r16 = r15monitoringcapability is configured.  The same scaling factor report (i.e., a same R) for downlink cells with “monitoringCapabilityConfig-r16 = r15monitoringcapability could be used also. Alternatively, considering the limited time left for this release, it is also acceptable to not support multiple DCIs scheduling multiple PDSCHs on any downlink cell if there is a cell configured with monitoringCapabilityConfig-r16 = r16monitoringcapability.
Proposal 3: Decide whether to support multiple DCIs scheduling multiple PDSCHs for a downlink cell configured with monitoringCapabilityConfig-r16 = r15monitoringcapability when there is another downlink cell configured with monitoringCapabilityConfig-r16 = r16monitoringcapability.
If multiple DCIs scheduling multiple PDSCHs for a downlink cell configured with monitoringCapabilityConfig-r16 = r15monitoringcapability is supported , the following text changes can be considered:
******************************************* Start of TP  *******************************************
10	UE procedure for receiving control information
< Unchanged parts are omitted >
If a UE indicates in UE-NR-Capability-r16 a carrier aggregation capability larger than one downlink cell with monitoringCapabilityConfig-r16 = r15monitoringcapability or larger than one downlink cell with monitoringCapabilityConfig = r16monitoringcapability, 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 the UE can monitor for downlink cells with monitoringCapabilityConfig-r16 = r15monitoringcapabilityor for downlink cells with monitoringCapabilityConfig-r16 = r16monitoringcapability when the UE is configured for carrier aggregation operation over more than two downlink cells with at least one downlink cell with monitoringCapabilityConfig-r16 = r15monitoringcapability and at least one downlink cell with monitoringCapabilityConfig-r16 = r16monitoringcapability. 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  downlink cells or to  downlink cells, respectively, where
-	 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r15 where  is the number of configured downlink cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability
-	otherwise, 
-	if the UE reports only one combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16),  is the value of pdcch-BlindDetectionCA-r15 
-	else,  is the value of pdcch-BlindDetectionCA-r15 from a combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16) that is provided by pdcch-BlindDetectionCAComb-indicator
and
-	 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16
-	otherwise, 
-	if the UE reports only one combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16),  is the value of pdcch-BlindDetectionCA-r16 
-	else,  is the value of pdcch-BlindDetectionCA-r16 from a combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16) that is provided by pdcch-BlindDetectionCAComb-indicator
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA-r15, a number of serving cells as . 
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
If multiple DCIs scheduling multiple PDSCHs for a downlink cell configured with monitoringCapabilityConfig-r16 = r15monitoringcapability is not supported, it is preferred to explicitly mention the simultaneously configured case is not assumed by UEs, although whether to support multiple DCIs scheduling multiple PDSCHs could probably be implicitly deduced based on whether a scaling factor R is applied. The proposed text changes are as following:
******************************************* Start of TP  *******************************************
10	UE procedure for receiving control information
< Unchanged parts are omitted >
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.
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************

5         Conclusions
In this contribution, the remaining issues on enhanced PDCCH monitoring for Rel-16 URLLC are discussed and the followings are proposed:
Proposal 1: A same span pattern within a slot repeats in every slot containing a monitoring occasion.
Proposal 2: Clarify the scheduled cell grouping rules for cross-carrier scheduling are based on scheduling cells rather than scheduled cells.
Proposal 3: Decide whether to support multiple DCIs scheduling multiple PDSCHs for a downlink cell configured with monitoringCapabilityConfig-r16 = r15monitoringcapability when there is another downlink cell configured with monitoringCapabilityConfig-r16 = r16monitoringcapability.
The corresponding proposed texts are also included in this contribution.
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