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Introduction
This contribution suggests a definition for aligned spans and also suggests wording for monitoring conditions for the case of non-aligned spans.  
Maximum number of non-overlapping CCEs per span
The following was considered a working assumption to handle the CA case when the reported UE capability is less than the actual number of configured CCs.
Working assumption:
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on all downlink cells from the  downlink cells are aligned, where

· is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a 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 case when spans are not aligned was also discussed leading to the following proposal (no agreement yet): 

Proposal #1: 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

· [image: cid:image014.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:image017.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.
Definition of aligned spans
In our view, for a combination (X, Y), the spans of 2 CCs are aligned if for any span of a first CC, the starting symbol of the span is the same as (aligned with) the starting symbol of a span of a second CC, when the span of the first CC and the span of the second CC are overlapping. For instance, in Figure 1, the spans of CC1 and CC2 are aligned, and the spans of CC3 and CC4 are not aligned with those of CC1 and CC2. 
[image: ]
[bookmark: _Ref37416732]Figure 1: Different spans in different CCs. CC1 and CC2 have aligned spans and CC3 and CC4 have spans that are not aligned with spans in CC1 and CC2.
	
PDCCH monitoring in non-aligned spans case
Proposal #1 of [1] has certain deficiencies w.r.t. the case of aligned spans, e.g., for full utilization of the CCE budget, the budget is to be uniformly distributed across spans of different CCs of the same SCS and (X,Y). In addition, if there are many CCs with multiple spans per slot, the UE needs to check number of non-overlapping CCEs over many sets of possible spans with one span per each CC (for example, in case of 3CCs with (X=2,Y=2), the UE may need to check number of non-overlapping CCEs for 7^3=343 span sets, e.g., one set of spans is{span 1 of CC1}, {span 3 of CC2},{span 4 of CC3}).    
In case of presence of non-aligned spans in some of the CCs (e.g., as shown in Figure 1), the PDCCH monitoring condition/limit over different CCs can be updated from proposal 1 of [1] to also take into account the spans of CCs which are aligned (e.g., CC1 and CC2 shown in Figure 1). Considering the CCs with aligned spans in handling non-aligned case is important to overcome the above mentioned deficiencies of proposal#1 of [1] (at least to some extent) as suggested in the following.

[bookmark: _Ref37422757]Updates to Proposal#1 of [1]
At least for (X, Y)= (2,2) case, we propose to update proposal#1 of [1] (with updates shown in green) to: 

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 , and if the spans on all downlink cells from the  downlink cells are aligned, 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 and a/any downlink cell from the  downlink cells if the spans on downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set of spans, where


· [image: cid:image014.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:image017.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 intention of the green colored text is to reduce the number of span sets needed to be checked. For instance, in the example of Figure 2, assuming CCE(S) represents the number of non-overlapping CCEs corresponding to span ‘S’, and ‘Q’ represents the CCE budget/limit across cells, the following checks/inequalities need to be done/satisfied:
CCE (Ai)+CCE(Bi)+CCE(Cj)+CCE(Dj)<=Q; for i={1,2,…,7}; and j={1,2,…,7},
and there is no need to satisfy inequalities/perform checks:
CCE (Ai)+CCE(Bj)+CCE(Ck)+CCE(Dl)<=Q; for i,j,k,l={1,2,…,7}; and ‘i’ is different than ‘j’; and/or ‘k’ is different than ‘l’.
[image: ]
[bookmark: _Ref37345543]Figure 2: CCs in the first group have aligned spans, also CCs in the second group have aligned spans. Spans of the first group are not aligned with spans of the second group. Each span for each CC is represented by a color. Spans of the first CC, represented by A1, A2, …, A7; Spans of the 2nd CC are represented by B1, B2,…, B7, and so on.
 
If there are more than one group of CCs with spans aligned within each group, the text above can be modified (for example, if there are ‘G’ groups with  CCs in group 1 and with  CCs in group 2, …, and with  CCs in group ‘G’), the  text above is updated to: 

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 , and if the spans on all downlink cells from the  downlink cells are aligned for g={1,2,…,G},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 and a/any downlink cell from the  downlink cells if the spans on downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set of spans, where

· [image: cid:image014.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:image017.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.
Similar updates can be done for the number of PDCCH candidates instead of number of non-overlapping CCEs. 

Conclusions
This contribution provided 
· definition of aligned spans:
· For a combination (X, Y), the spans of 2 CCs are aligned if for any span of a first CC, the starting symbol of the span is the same as (aligned with) the starting symbol of a span of a second CC, when the span of the first CC and the span of the second CC are overlapping.
· updated text to Proposal#1 of [1] for the case of non-aligned spans to take into account CCs which have aligned spans (see green colored texts in section 2.2.1)
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