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1	Introduction 
In this document, the remaining issues on PDCCH enhancements for Release 16 URLLC are addressed. Corresponding text proposals are also provided.
2         Clarifications on Span Definition
It was mentioned at the last e-meeting that clarifications may be needed for span definition. As captured by the latest version of TS38.213, the duration of a span is determined by , where  is a maximum duration among durations of CORESETs that are configured to the UE and  is a minimum value of  in the combinations of  that are reported by the UE. The value of  can be up to 3 symbols which may lead to hence not complying with combination (2,2). One proposal to address this issue is to restrict UE’s report setting for combinations (X, Y) when a CORESET with duration of 3 symbols is configured. However, this may not work smoothly. Firstly, it cannot be sufficiently ensured that dedicated CORESET configurations have been available for a UE prior to capability reporting. Secondly, a report of combinations (X, Y) just indicates a PDCCH monitoring capability which is dependent on UE’s hardware and software implementations. The network may not be able to comprehensively acquire a UE’s capability due to such kind of report constraint, which may lead to conservative configurations even when the UE has a more aggressive processing capability. Thirdly, combination (2, 2) is always reported together with combination (4, 3) and (7, 3), so even when combination (2,2) is reported, the network still has the flexibility to configure a CORESET with duration of 3 symbols according to combination (4, 3) or (7, 3). 
In short, when a UE reports a support of combination (2, 2) and subsequently receives a configuration of a 3-symbol CORESET, it just means that the network does not want the UE to monitor PDCCH according to combination (2, 2). 
Proposal 1: When a UE reports in pdcch-MonitoringAnyOccasionsWithSpanGap combinations (X, Y) corresponding to value set 3 and is configured a CORESET with duration of 3 symbols, the UE is not expected to monitor PDCCH according to combination (2, 2).

In addition, it needs to be clarified that span is a per-cell or a per-BWP definition, i.e., a span should not be regarded as a common time interval across different serving cells. Calculations of the duration of a last span in a slot should be specifically captured in the specification as well.
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 reports one or more combinations of  number of symbols, where , for PDCCH monitoring. A span is a set of consecutive symbols in a slot on a serving cell in which the UE is configured to monitor PDCCH candidates. 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. The duration of a span other than the last span in a slot is , where  is a maximum duration among durations of CORESETs that are configured to the UE and  is a minimum value of  in the combinations of  that are reported by the UE. The duration of Aa last span in a slot is , where is the time separation between the start of the span and the end of the slot in number of symbolsan have a shorter duration than other spans in the slot. 
When a UE reports in pdcch-MonitoringAnyOccasionsWithSpanGap combinations (X, Y) corresponding to value set 3 and is configured a CORESET with duration of 3 OFDM symbols, the UE is not expected to monitor PDCCH according to combination (2, 2).
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
3         PDCCH Monitoring for Aligned and Non-Aligned Spans
Significant efforts were spent on the definition of aligned vs. non-aligned spans at last e-meeting [1] and the following agreements were reached:
Agreements:
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

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

Agreements:  Spans on cells from the  downlink cells are considered as aligned if the union of PDCCH monitoring occasions on all the cells results to PDCCH monitoring according to the combination  ; Otherwise, they are considered as not aligned.
In light of the agreements, aligned spans actually mean a set of span-aligned scheduling cells and vice versa. However, these agreements seems insufficient to result to a stable TP due to some ambiguities still hold.
· As aforementioned in section 2, a span is defined per serving cell and the intent of the aligned vs. non-aligned discussions is to figure out the PDCCH candidate/non-overlapped CCE budget limitation imposed on a set of spans distributed on multiple cells. It is ambiguous or even misleading to use a per-span limitation for the PDCCH candidate/non-overlapped CCE for multiple carriers. 
· The term “with at most one span per scheduling cell for each set” in the agreements implies that the PDCCH candidate/non-overlapped CCE budget limitation is not performed among intra-cell spans. The rationale of this unrestricted setting  is that a UE is considered to be able to process more PDCCH candidates (or non-overlapped CCEs) as processing time increases. However, it is still unclear whether a similar setting should be considered also for inter-cell spans with sufficient time separation, i.e., whether inter-cell spans with sufficient time separation can form a set of spans sharing a same budget limitation.  
In our perspective, most of the ambiguities originate from the unclear span definition and unclear span set construction for the budget limitation (a set of spans enduring a same PDCCH candidate/non-overlapped CCE limitation is called a limitation sharing set in the subsequent description). The unclear span definition has been clarified in Section 2. In the following, we try to come up with clarifications (preferably a unified wording) for the unclear span set construction respectively for the span-aligned and span-non-aligned cases. An examples with combination (7, 3) are shown in Figure 1 to ease the explanation.  
· Span-aligned case: The definition of span alignment in the agreements implicitly implies that aligned spans would be distributed in a clustered manner with each pair of clusters separated by at least X symbols as shown Figure 1. It is natural that spans in a cluster form a limitation sharing set as (or ) and  (or ) physically represent upper bounds for a UE processing loads within a X-symbol window respectively for single cell and cells. A cluster could be specifically defined as a set of spans within a same set of X consecutive symbols. 
· Span-non-aligned case: A UE still has the capability to process up to  PDCCH candidates (and  non-overlapped CCEs) within a X-symbol window in the non-aligned case. The problem is to determine the spans that are required to endures  a same budget limitation (i.e., . the spans included in a limitation sharing set). Generally speaking, more spans are included in a limitation sharing set, less UE processing load could be expected, but more restrictions may be imposed on the scheduler. A greedy algorithm is used in the following to form a limitation span set by jointly considering the UE processing load and scheduling flexibility. 
· The spans fully contained within the X-symbol window should be absolutely included into the limitation sharing set. 
· The spans partially overlapped with the X-symbol window may also need more or less processing budget portion of  PDCCH candidates (or  non-overlapped CCEs) depending on implementations. To not surpass UE’s capability, these spans can be also added into the limitation sharing set. Spans which are expected to have no impact on the UE processing (e.g., spans far separated from the X-symbol window) should not be considered. By this way, the spans encircled by a green dash circle can form a limitation sharing set whereas the spans encircled by the red dash circle cannot form a limitation sharing set as shown by the examples in Figure 1. The two span sets respectively encircled by two green dash circles for the span non-aligned case are formed for a same X-symbol window.



Figure 1. Span set constructions for span aligned case and span non-aligned case
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According to the discussions above,  the follow proposal is drawn.
Proposal 2: Any span in a set of spans that share a  PDCCH candidate limitation or a non-overlapped CCE limitation is fully or partially overlapped with a same set of X consecutive symbols.
The corresponding proposed texts are as follows.
******************************************* Start of TP  *******************************************
10.1	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
If a UE is configured only with  downlink cells with associated PDCCH candidates monitored using Rel-16 PDCCH monitoring capability, and with  of the  downlink cells with scheduling cell(s) using combination  for PDCCH monitoring, and having active DL BWPs using SCS configuration , 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 acrosson the active DL BWP(s) of all scheduling cell(s) forfrom the  downlink cells within a same set of X symbols, if the spansunion of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination are aligned, 
-	per set of spans across the active DL BWP(s) of all scheduling cell(s) for the  downlink cells overlapped at least 1 symbol with a same set of X symbols with at most one span per scheduling cell for each set , otherwise 
 < Unchanged parts are omitted >
******************************************** End of TP  *******************************************
4         PDCCH Monitoring for Cross-Carrier Scheduling
Cross-carrier scheduling is supported from the beginning of CA specification in Rel-15 and further enhanced in Rel-16 to support multiple carriers with different numerologies. As cross-carrier scheduling is quite likely to benefit URLLC, there is no reason to put aside cross-carrier scheduling when designing the span based PDCCH monitoring. PDCCH candidates and non-overlapped CCEs are distributed according to the serving cell numerologies and associated combinations for both span-aligned and span-non-aligned cases. This kind of distribution makes much sense for multiple carrier operations with self-scheduling where a scheduled cell and its corresponding scheduling cell need not be differentiated. However, it may not work well for multicarrier operations with cross-carrier scheduling, as shown by two examples respectively in Figure 2and Figure 3.



Figure 2. Cross-carrier scheduling with serving cells provided different PDCCH monitoring capabilities



Figure 3. Cross-carrier scheduling with serving cells provided different combinations
As illustrated in Figure 2, the PDCCH monitoring capability provided for a scheduled cell may not be consistent with the monitoring capability provided for its scheduling cell. Although a scheduled cell may not assume to be configured with a PDCCH monitoring capability, similar ambiguity still exists when span-based PDCCH monitoring capability is absent for its scheduling cell, because by default a serving cell not provided PDCCHMonitoringCapabilityConfig shall assume slot-based monitoring. Moreover, as illustrated in Figure 3, the set of combinations provided for a scheduled cell may be different from the set of combinations provided for its scheduling cell. As the numbers of monitored PDCCH candidates and non-overlapped CCEs are expected to be shared among the scheduling cells with same PDCCH monitoring capability and same set of combinations, the inconsistency shown above may lead to mismatch between the allocated portion of PDCCH candidates and non-overlapped CCEs for a set of serving cells and the actual demand. Therefore, modifications and clarifications are needed. Two alternative ways could be considered to address this issue:
· Alt-1: Both the scheduling cell and scheduled cell for cross-carrier scheduling are restricted to be configured the same PDCCH monitoring capability (i.e., Rel-15 PDCCH monitoring capability or Rel-16 PDCCH monitoring capability) , and provided the same combination when Rel-16 PDCCH monitoring capability is configured, 
· Alt-2: The calculations of and are based on the number of scheduled cells whose scheduling cells are configured with the same PDCCH monitoring capability and provided the same combination (X, Y) when Rel-16 PDCCH monitoring capability is configured.
Alt-1 will largely limit the use of cross-carrier scheduling in URLLC, for which ensuring scheduling flexibility is quite essential. In contrast, Alt-2 does not prohibit the use of cross-carrier scheduling with different PDCCH monitoring capabilities or with different combinations and maintains the scheduling flexibility with limited specification efforts. And also, it is worth being noted that a scheduled cell is determined by its scheduling cell’s numerology instead of its own numerology for the serving cell differentiation or grouping when calculating  and  according to agreements made in Rel-16 MR-DC and CA enhancements WI. It could be strange and inconsistent if different grouping principles are applied for slot-based and span-based PDCCH monitoring or if numerology and combination are separately considered for cell grouping in case of span-based PDCCH monitoring.
Therefore, Alt- 2 is preferred.
Proposal 3: The calculations of and are based on the number of scheduled cells whose scheduling cells are configured with the same PDCCH monitoring capability and provided the same combination (X, Y) when Rel-16 PDCCH monitoring capability is configured.
The corresponding proposed text changes are captured in Section 3 and as follows:
******************************************* Start of TP  *******************************************
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< Unchanged parts are omitted >
[bookmark: _Hlk530114396]If a UE is configured with  downlink cells using Rel-15 PDCCH monitoring capability and with associated PDCCH candidates monitored using Rel-15 PDCCH monitoring capability in the active DL BWPs of the scheduling cell(s) using SCS configuration [image: ], 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 slot on the active DL BWP(s) of scheduling cell(s) forfrom the  downlink cells. If a UE is configured with downlink cells with scheduling cell(s) using both Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability,   is replaced by .
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
5         PDCCH Monitoring for Multiple TRPs/Panels
In order to support multiple DCIs scheduling multiple PDSCHs, a blind decoding factor, namely BDFactor, is introduced by eMIMO. The maximum number of PDCCH candidates and non-overlapped CCEs can be scaled by setting the BDFactor other than 1. The serving cells are grouped as well according to the number of provided CORESET resource pools for the derivation of  so that the scaling operation can be absorbed. One remaining open issue is whether to support span based PDCCH monitoring and multiple DCIs scheduling multiple PDSCHs in a serving cell simultaneously. Increasing spectrum efficiency is a major motivation to support multiple DCIs scheduling multiple PDSCH, while lower latency and lower PDCCH blocking rate are targeted by the span based PDCCH design. It is obvious that the motivations for these two designs deviate a lot. On the other hand, the UE PDCCH monitoring capability may be required to be largely increased in order to support either of multiple DCIs scheduling multiple PDSCHs or span based monitoring. It is expected to bring overwhelming burden to UE implementations if both of them are supported in a serving cell simultaneously, but without foreseeable use cases. 
Proposal 4: Multiple DCIs scheduling multiple PDSCHs and Span based PDCCH monitoring are not supported simultaneously in a serving cell. 
Corresponding proposed text changes are as follow:
******************************************* 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 a serving cell using Rel-16 PDCCH monitoring capability.
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
For a serving cell using Rel-15 PDCCH monitoring capability, whether to support multiple DCIs scheduling multiple PDSCHs should 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 Rel-15 PDCCH monitoring capability is configured. Following the similar logics presented in Section 4, serving cells are grouped according to the number of CORESET resource pool indices configured for the scheduling cell(s) rather than the serving cells themselves when Rel-15 PDCCH monitoring capability is configured for the scheduling cell(s). Separate scaling factor reports (i.e., R and Rr15 could be different) or a same scaling factor report (i.e., a same R) for Rel-15 PDCCH monitoring capability could be considered.
Proposal 5: Whether multiple DCIs scheduling multiple PDSCHs is applied for a serving cell using Rel-15 PDCCH monitoring capability is up to UE capability and network configuration.
The following text changes reflect the proposal.
******************************************* Start of TP  *******************************************
10	UE procedure for receiving control information
< Unchanged parts are omitted >
If a UE can support
-	a first set of  serving cells with scheduling cell(s) 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 offrom the first set of serving cells, and
 -	a second set of  serving cells with scheduling cell(s) 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 servingscheduling 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 either a value reported by the UE or  if the UE does not report a value of R. 
If a UE indicates in UE-NR-Capability a carrier aggregation capability larger than 4 serving cells and the UE is not provided PDCCHMonitoringCapabilityConfig for any downlink cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability 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 [image: ] downlink cells, where
-	[image: ] is  if the UE does not provide pdcch-BlindDetectionCA where  is the number of configured downlink serving cells
-	otherwise, [image: ] is the value of pdcch-BlindDetectionCA 
< Unchanged parts are omitted >
If a UE indicates in UE-NR-Capability-r15 or in UE-NR-Capability-r16 a carrier aggregation capability larger than oneY downlink cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring or larger than oneZ downlink cells with PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring, 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 twoY downlink cells or over more than Z downlink cells, respectively, and with at least one downlink cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring from the Y downlink cells and at least one downlink cell with PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring 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  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 serving cells with scheduling cell(s) using 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 with scheduling cell(s) using PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability 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  *******************************************
6         Conclusions
In this contribution, the partitioning of PDCCH candidates and non-overlapped CCEs across serving cells are discussed and the followings are proposed:
Proposal 1: When a UE reports in pdcch-MonitoringAnyOccasionsWithSpanGap combinations (X, Y) corresponding to value set 3 and is configured a CORESET with duration of 3 symbols, the UE is not expected to monitor PDCCH according to combination (2, 2).
Proposal 2: Any span in a set of spans that share a  PDCCH candidate limitation or a non-overlapped CCE limitation is fully or partially overlapped with a same set of X consecutive symbols.
Proposal 3: The calculations of and are based on the number of scheduled cells whose scheduling cells are configured with the same PDCCH monitoring capability and provided the same combination (X, Y) when Rel-16 PDCCH monitoring capability is configured.
Proposal 4: Multiple DCIs scheduling multiple PDSCHs and Span based PDCCH monitoring are not supported simultaneously in a serving cell.
Proposal 5: Whether multiple DCIs scheduling multiple PDSCHs is applied for a serving cell using Rel-15 PDCCH monitoring capability is up to UE capability and network configuration.
The corresponding proposed texts are also included in this contribution.
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