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1. Introduction
At the RAN#81 meeting, WI on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements was approved which includes following objective [1]:
	· Cross-carrier scheduling with different numerologies on the scheduling and scheduled carriers [RAN1, RAN2, RAN4]
· This objective applies to CA only.
· Target completion by RAN#84.



In this contribution, we present our views on cross-carrier scheduling with different numerologies.
2. Discussions
2.1	PDCCH BD/CCE limit
In Rel.15 NR CA, the specification supports self- and cross-carrier scheduling for the same or different numerologies between scheduling cells. The case where cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell(s) is missing.
More specifically, current specification is as following:
· For non-CA, BD and CCE limits for SCS configuration  are defined as  and , respectively.
· If a UE is configured with  DL-CCs or with  DL-CCs where  is the number of configured DL-CCs with DL BWPs having SCS configuration  and  is the UE capability indicated through pdcch-BlindDetectionCA,
· The BD/CCE limits for each scheduled cell are  and .
· If a UE is configured with  DL-CCs where the UE reports  through pdcch-BlindDetectionCA,
· The BD/CCE limits for each scheduled cell are  , where;
·  and 
· .

Considering the available TUs for this topic is minimal (needs to be completed until RAN#84), the solution should have minor impact on the above framework of PDCCH BD/CCE limit. The simplest solution is to change the definition of  from “the number of configured DL-CCs with DL BWPs having SCS configuration ” to “the number of configured DL-CCs whose scheduling cell is with DL BWPs having SCS configuration ”.

An example is illustrated in Fig. 1. Six DL-CCs are configured where CC#1, #2 are with SCS 30kHz, and CC#3, #4, #5, #6 are with SCS 120kHz. Here, cross-carrier scheduling from CC#1 to #4, #5, and from CC#3 to #2, #6, are assumed (just as an example). In this case, the PDCCH BD/CCE limits on CC#1 and CC#3 for each scheduled cell are determined as following. Although the ratio of DL-CCs with different SCSs is 2:4, the BD/CCE limit is based on the ratio of DL-CCs with different scheduling cells with different SCSs, which is 3:3.
· On CC#1, for each scheduled cell:
· BD limit: 
· CCE limit: 
· On CC#3, for each scheduled cell;
· BD limit: 
· CCE limit: 

[image: ]
Fig. 1	Example of CA with different numerologies between scheduling cell and scheduled cell(s).

Proposal 1:
· Support BD/CCE limit for CA with different numerologies between scheduling cell and scheduled cell(s) with keeping the current framework of BD/CCE limit for CA.
· Change the definition of  to “the number of configured DL-CCs whose scheduling cell is with DL BWPs having SCS configuration ”.

2.2	Other enhancements
SPS/configured grant is more attractive in case of cross-carrier scheduling with different numerologies, e.g., scheduling cell on FR1 and scheduled cell on FR2. For SPS/configured grant on a scheduled cell, PDCCH transmission for PDSCH/PUSCH is necessary only for activation/deactivation and scheduling HARQ re-transmission. Unlike the case of dynamic grant, PDCCH transmission for SPS/configured grant is much less frequent. 
However, Rel. 15 specification does not allow cross-carrier deactivation of SPS/configured grant by DCI; for cross-carrier activation/deactivation/HARQ re-transmission of SPS/configured grant, CIF field points the serving cell where the DCI indicates, while deactivation is only possible by DCI format 0_0/1_0 which does not include CIF field, as specified below.
Table 10.2-1: Special fields for DL SPS and UL grant Type 2 scheduling activation PDCCH validation
	
	DCI format 0_0/0_1 
	DCI format 1_0
	DCI format 1_1

	HARQ process number
	set to all '0's
	set to all '0's
	set to all '0's

	Redundancy version
	set to '00'
	set to '00'
	For the enabled transport block: set to '00'



Table 10.2-2: Special fields for DL SPS and UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0 
	DCI format 1_0

	HARQ process number
	set to all '0's
	set to all '0's

	Redundancy version
	set to '00'
	set to '00'

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '1's
	set to all '1's



Simple solution to resolve this problem should be supported, e.g.,;
· Enabling deactivation by DCI format 0_1/1_1
· DCI 0_0/1_0 indicating deactivation of SPS/configured grant in a serving cell deactivates SPS/configured grant on all the serving cells scheduled by the serving cell 

Another problem of cross-carrier scheduling is tci-PresentInDCI. As per RAN1#95 agreements, tci-PresentInDCI needs to be always enabled and default TCI-state for cross-carrier scheduled PDSCH cannot be used for cross-carrier scheduling. As a consequence, time difference between the PDCCH and the scheduled PDSCH needs to be larger than a certain threshold. If the scheduled cell is FR2, the threshold for TCI-state indication is not less than a slot duration. Therefore, cross-slot scheduling is indeed necessary for cross-carrier scheduling at FR2. Rel.15 NR is not optimal for CA with different numerologies in various aspects, e.g., PDSCH processing time, PUSCH preparation time, PDCCH/PUCCH procedures, number of HARQ processes per serving cell, PUCCH for HARQ-ACK cannot be more than one per slot, etc. Considering the TU is limited, fixing many issues would be difficult, but resolve some problems can be considered.
Proposal 2:
· Enable cross-carrier deactivation of SPS/configured grant.
· Opt.1: Support deactivation of SPS/configured grant by DCI format 0_1/1_1.
· Opt.2: DCI format 0_0/1_0 indicating deactivation of SPS/configured grant on a serving cell deactivates SPS/configured grant on all the scheduled cells.
· Consider to resolve restrictive aspects of cross-carrier scheduling with different numerologies.
· E.g., consider to enable cross-carrier scheduling without tci-PresentInDCI.

3. Conclusion
In this contribution, we discussed the limits of PDCCH BDs/CCEs limits for cross-carrier scheduling with different numerologies and proposed following:
Proposal 1:
· Support BD/CCE limit for CA with different numerologies between scheduling cell and scheduled cell(s) with keeping the current framework of BD/CCE limit for CA.
· Change the definition of  to “the number of configured DL-CCs whose scheduling cell is with DL BWPs having SCS configuration ”.
Proposal 2:
· Enable cross-carrier deactivation of SPS/configured grant.
· Opt.1: Support deactivation of SPS/configured grant by DCI format 0_1/1_1.
· Opt.2: DCI format 0_0/1_0 indicating deactivation of SPS/configured grant on a serving cell deactivates SPS/configured grant on all the scheduled cells.
· Consider to resolve restrictive aspects of cross-carrier scheduling with different numerologies.
· E.g., consider to enable cross-carrier scheduling without tci-PresentInDCI.
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