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1	Introduction
In RAN1 #102 e-Meeting, maintenance works on Rel-16 PDCCH enhancement for NR URLLC continued. More issues were discussed and resolved with the outcomes as summarized in [1] based on the two email discussions [2], [3]. In this contribution, we discuss the remaining open issues. Text proposals are also provided for the corresponding specifications.
[bookmark: _Ref178064866]2	Discussion
2.1	Rel-16 PDCCH monitoring capability for the CA case
In RAN1 #102-e, the following agreement was made for the PDCCH monitoring span definition and the corresponding editor’s CR on TS 38.213 was endorsed in RAN #89-e.
Agreement
A UE expects the same combination (X, Y) to apply in every slot, including cross-slot boundary, on the active DL BWP of a cell.
	[bookmark: _Toc45699212]10	UE procedure for receiving control information
<Unchanged parts are omitted>
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  defined in Table 10.1-2A and Table 10.1-3A. The UE expects to monitor PDCCH according to the same combination  in every slot on the active DL BWP of a cell.
<Unchanged parts are omitted>




This agreement ensures that UE monitors PDCCH according to the same combination (X,Y) in every slot on the active DL BWP of a cell. It also concludes that the specification does not impose any restriction on PDCCH monitoring span pattern, i.e., it can vary across slots as long as the same combination (X,Y) is used for PDCCH monitoring in every slot. See, for example, Fig. 1.
In Fig. 1, the UE reports its capability for Rel-16 PDCCH monitoring with (X,Y) = {(2,2),(4,3),(7,3)}. The configured PDCCH monitoring occasions satisfy a minimum time separation between the first symbol of two consecutive spans, including across slots, for both (X,Y) =(2,2) and (4,3). Since (X,Y) = (4,3) results in a larger BD and CCE limit, the UE monitors PDCCH on the cell according to (X,Y)=(4,3) in every slot. Even though the same (X,Y) is used in every slot for PDCCH monitoring, a span pattern in each slot can vary depending on the actual PDCCH monitoring occasions. 
[image: ]
Figure. 1: Example of monitoring span pattern. Note that UE monitors PDCCH on the cell according to the same combination (X,Y)=(4,3) in every slot. However, span pattern in a slot can vary across slots.
Based on the understanding above, some concerns on UE complexity were raised when it comes to determining whether the spans are aligned or unaligned for the CA case. Three main issues are listed below:
1) Time duration to determine whether the spans are aligned or unaligned for the CA case is not explicitly defined. 
2) The designation “aligned for CA” or “unaligned for CA” may change across slots.
3) For the case of unaligned span, a time window for which a set of spans is considered is not explicitly defined.

On 1), the current understanding of the specification is that whether the spans are aligned or unaligned for the CA should be checked across all slots. Since PDDCH monitoring occasions are periodic by nature according to the search space sets configuration, the maximum time duration to check is bounded by the maximum PDCCH monitoring periodicity. We note that this process of checking is only performed once based on the semi-static configuration of PDCCH monitoring occasions in search spaces sets. In this sense, the complexity might be acceptable.
[bookmark: _Toc53770397]Determining whether the spans are aligned or unaligned is only performed once based on the semi-static configuration of monitoring occasions in search space sets. 
[bookmark: _Toc53770398]Since PDCCH monitoring occasions are periodic, the maximum time duration to check whether the spans are aligned or unaligned for CA is bounded by the maximum monitoring periodicity in the configured search space sets. 
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc53770324]Whether the spans are considered as aligned or unaligned for CA is determined across slots.

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

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

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

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

On 2), it is preferred that the designation of “aligned for CA” or “unaligned for CA” does not change across slots. This is to avoid having different consideration on how to apply the span BD and CCE limits for the CA case across slots. In our view, this can be achieved by allowing the checking described in 1) to be performed once, according to the reference slot(s), and the outcome of the checking (whether it is aligned or unaligned) is applied to all slots when considering the maximum number of PDCCH candidates and non-overlapped CCEs per set of spans.
[bookmark: _Toc53770326]After the determination whether the spans are aligned or unaligned, the designation of “aligned for CA” or “unaligned for CA” is applied to all slots when considering the maximum number of monitored PDCCH candidates and non-overlapped CCEs per set of spans.

On 3), the concern is resolved by limiting the time window for which a set of spans is considered. Spans across CCs which are in different slots are not relevant to be considered in the same set of spans to which the limit is applied. Preferably, it is enough to limit the time window to one slot, and the corresponding TP is shown below. If there is other concern such as having a large BD and CCE limit applied to adjacent spans in consecutive slots, two slots can also be used as a time window for which a set of spans is considered. 
[bookmark: _Toc53770327]For the case of unaligned span, the time window for which a set of spans is considered is limited to one or two slots.

	
---------------------------------Start of Text Proposal on TS 38.213 v16.3.0-----------------------
[bookmark: _Toc45699213][bookmark: _Toc36498186][bookmark: _Toc29917312][bookmark: _Toc29899575][bookmark: _Toc29899157][bookmark: _Toc29894858][bookmark: _Toc26719423][bookmark: _Toc20311598][bookmark: _Toc12021486][bookmark: _Ref491466492][bookmark: _Ref491451763]10.1	UE procedure for determining physical downlink control channel assignment 
<Unchanged parts are omitted>
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans within a slot across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . 
<Unchanged parts are omitted>
[bookmark: _GoBack]--------------------------------------End of Text Proposal on TS 38.213 v16.3.0------------------
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Determining whether the spans are aligned or unaligned is only performed once based on the semi-static configuration of monitoring occasions in search space sets.
Observation 2	Since PDCCH monitoring occasions are periodic, the maximum time duration to check whether the spans are aligned or unaligned for CA is bounded by the maximum monitoring periodicity in the configured search space sets.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Whether the spans are considered as aligned or unaligned for CA is determined across slots.
Proposal 2	Define a small set of reference slot(s) (e.g., N slots) to determine whether the spans are aligned or unaligned for CA, where N is less than the maximum PDCCH monitoring periodicity in the configured search space sets, e.g., N=1 or 2.
Proposal 3	After the determination whether the spans are aligned or unaligned, the designation of “aligned for CA” or “unaligned for CA” is applied to all slots when considering the maximum number of monitored PDCCH candidates and non-overlapped CCEs per set of spans.
Proposal 4	For the case of unaligned span, the time window for which a set of spans is considered is limited to one or two slots.
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