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Introduction
[bookmark: _Ref178064866]In this document we discuss remaining issues related to specification of cross-carrier scheduling with different numerologies. In RAN#83, a way-forward [2] was endorsed regarding work scope in the cross-carrier scheduling with different numerologies. An email discussion [96b-NR-09] was started to collect views on the remaining issues. 
Discussion
We discuss the following aspects: 1) K0 handling, 2) QCL aspect and 3) Support for contiguous data transmissions, 4) PDCCH monitoring and configuration, and some other topics.
2.1 K0 handling

Regarding K0 handling, further agreements were made related to K0 offset value in RAN1#96bis, including quantization to next PDSCH slot after applying the delta offset relative to the PDCCH end. The following table format was discussed in last meeting, and views were sought in the email discussion. 

1.  for PDCCH to PDSCH at least for lower SCS PDCCH to higher SCS PDSCH scheduling
Table 1:  (at least) for lower SCS PDCCH scheduling a higher SCS PDSCH
	PDCCH SCS
	15 kHz
	30 kHz
	60 kHz

	 [PDCCH symbols]
	[2-4] symbols
	[4] symbols
	[6-8] symbols




The factors that can affect delta value include PDCCH processing/decoding time (~ 1-2 symbols at lower numerologies and note that BD/CCEs also change with numerologies) and additionally the maximum received timing difference for the CA case ( ~ 33us as the maximum). Considering these factors, we think the value for minimum delta should be as shown in the below proposal. 

Proposal 1  Minimum values for Δ for case 1-1 lower SCS PDCCH to higher SCS PDSCH: 15 kHz: 2 symbols, 30 kHz: 4 symbols, 60 kHz: 6 symbols.

For Case 1-2 and Case 2 scheduling, multiple alternatives were identified in RAN1#96bis. 

· For case 1-2 and case 2 scheduling, when lower SCS PDCCH scheduled a higher SCS PDSCH:
· ALT1:
· The same  and quantization to the next PDSCH slot rule as with case 1-1 scheduling is used
· ALT2:
· The same  as with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary
· FFS if an additional offset should be added to 
· ALT3:
· A different  than with case 1-1 scheduling is used without the quantization step to the next PDSCH slot boundary


From our point of view, the same Delta value as applied for case 1-1 should also be applied for case 1-2 and case 2. Moreover, the same principle of quantization to next PDSCH slot should also be carried over as it can provide similar benefit (as case 1-1) and leads to simpler specification. Thus, we propose the following. 

Proposal 2:  Propose to adopt Alt 1 for case 1-2 and case 2 scheduling when lower SCS PDCCH schedules a higher SCS PDSCH.

For scheduling higher SCS PDCCH to a lower SCS PDSCH, the same solution as Rel-15 without modifications should be enough. Perhaps to simplify processing time constraints (N1 detemination) for Type B PDSCH allocations where additional margins are given for the case when  PDCCH and PDSCH overlap, it may be preferable if in this case, such additional margins are avoided by allowing Type B PDSCH to start after the corresponding PDCCH. 

Proposal 3:  For scheduling from higher SCS PDCCH to a lower SCS PDSCH, reuse Rel-15 solution and apply constraint that Type B PDSCH starts after PDCCH scheduling it. 


2.2 QCL aspect
Regarding QCL aspect of cross-carrier scheduling, the following alternatives are being discussed. 
For cross carrier scheduling, if the scheduling timing offset is smaller than the threshold, or if Tci-PresentInDCI is not enabled for DCI format 1_1, the default QCL assumption for PDSCH based on the active TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
[12]	For cross-carrier scheduling, an explicit TCI-state is configured for QCL assumption for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.
[14] For the case where SCC in FR2 does not have a configured CORESET, and is cross carrier scheduled via DCI from a different carrier, a dummy CORESET can be configured in the SCC. If the offset between the reception of the DL DCI corresponding to the cross-carrier PDSCH is less than a threshold, the UE may assume the default beam for PDSCH reception is associated with the TCI state associated with the dummy CORESET
FL observation: Dummy CORESET configured explitely for the purpose of QCL assumption derivation can be understood as an explicit TCI-state configured for QCL assumption for the PDSCH reception
FL proposal: Adopt one of the two alternatives for cross-CC scheduling if the scheduling timing offset is smaller than the threshold, or if Tci-PresentInDCI is not enabled for DCI format 1_1
Alt1: QCL assumption for the scheduled PDSCH is based on the TCI state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell.
Alt2: QCL assumption for the scheduled PDSCH is based on a TCI-state explicitely configured for this purpose

Rather than not allowing scheduling timing offset smaller than the delta_offset threshold, it is preferable to have a rule defined that UE can use to determine QCL if the PDSCH is too close to the DL assignment. 
Using dummy coreset explicitly configured for TCI state determination can increase RRC overhead and such additional configuration may not be necessary simply to indicate an active TCI state for UE to assume. Using the TCI state with lowest ID would also not increase flexibility since the NW cannot point to an activated TCI state for the UE to use. The RRC based solution can work but given most of the TCI states are controlled based on MAC CE based activation/deactivation, a simpler option would be to also use MAC CE based indication for the current case as well. 
MAC CE “TCI state indication for UE-specific PDCCH MAC CE” can be reused for this purpose. If the serving cell ID in the MAC message indicates the ID of a serving cell that is cross-carrier scheduled by another cell, then the UE can ignore the CORESET ID and apply the indicated TCI state for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.
Proposal 4

When the serving cell ID in the MAC message ‘TCI state indication for UE-specific PDCCH MAC CE’ indicates the ID of a serving cell that is cross-carrier scheduled by another cell,  the TCI state indicated in the MAC CE is used for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.

2.3 Support for contiguous data transmissions
Multiple options were discussed in last meeting’s offline discussions.
· Alt 1: Single-slot scheduling with increased number of valid unicast DCIs per PDCCH monitoring occasion
· FFS: number of valid DCIs
· Alt 2: Single-slot scheduling and capability FG 3-5/3-5b
· Note: When deriving the number of scheduling opportunities based on the number of slots in the scheduled cell overlapping one scheduling cell slot.
· Alt 3: Multi-slot scheduling with different TB per slot  
· Alt 4: Multi-slot scheduling with one TB across multiple slots 

Currently, according to UE feature list (in Rel-15), for some UE capabilities (3-5b), there is a limitation on the number of DCIs UE can process for a monitoring occasion. For CA with mixed numerology, increasing the number of valid unicast DCIs per monitoring occasion can be considered. 
Given the cross-carrier scheduling part of the WI is aimed to targeting completion by RAN#84, we think the timeline should be considered for designing new DCI formats and also alignment with NR-U work on multi-slot multi-TB scheduling. Since not all alternatives are mutually exclusive, it seems taking advantage of advanced UE PDCCH processing capability such as 3-5/3-5b and increased number of valid DCIs should be considered as they can be introduced without much specification effort. 
Proposal 5

For CA with mixed numerology, increased number of valid unicast DCIs per PDCCH monitoring occasion can be considered.

2.4 PDCCH monitoring and configuration
In last meeting, there was one issue raised on the applicability of the agreement in MR-DC WI on PDCCH monitoring with cross-carrier scheduling with mixed numerology. There was discussion whether this agreement applies  to all cases of cross-carrier scheduling, including the cases that were specified in Rel-15 (e.g. cross-carrier scheduling with same numerology). 
An agreement made in Rel-16 should not be retroactively applied to Rel-15 specification, which could lead to possible unnecessary confusion wrt the cross-carrier scheduling feature specified in Rel-15. It is also acknowledged that the relevant agreement made in Rel-16 with mixed numerology was trying to reuse the Rel-15 PDCCH BD principles (from cross-carrier scheduling between same numerology) and re-apply it to the mixed numerology case. Thus, it is more suitable to capture that the Rel-16 agreements apply for all pairs of (scheduled cell, scheduling cell) when the UE is configured with at least one case where scheduling cell with one SCS and the corresponding scheduled cell has another SCS. 
Proposal 6
PDCCH monitoring agreement (limits on BDs/CCEs) from RAN1#96 is applicable
a) When the UE is configured with cross-carrier scheduling with scheduling carrier with one SCS, and at least one corresponding scheduled carrier with another SCS
b) In addition to case a) when the UE is also configured with another scheduled carrier with the same SCS as the scheduling carrier

Regarding PDCCH configuration, it was also proposed to support introducing a new RRC parameter to configure number of PDCCH candidates for the scheduled cell in the configured search-space sets of the scheduling cell. This parameter could also apply to cross-carrier scheduling with the same SCS. This new RRC parameter can overcome the scheduling restrictions resulting from lack of such configuration in Rel-15. In our view, associated UE capability signaling should also be introduced to maintain backwards compatibility when applying this to Rel-15 cases e.g. when cross-carrier scheduling with same SCS.

2.5 Other topics
[bookmark: _GoBack]Regarding other topics, it was proposed to consider using CIF for supporting PDCCH-order random access and supporting deactivation of DL SPS/UL configured grant by DCI 0_1/1_1. Both can be considered. For PDCCH-ordered random access, since there is no CIF supported in 1_0, it may be simpler to allow PDCCH order random access through DCI 1_1 (and also 0_1) which already includes the CIF field. The same information bit content as PDCCH order random access as in self-scheduling (from 1_0) is used, with an additional CIF field, and size matched to 1_1 (and 0_1). This does not require increased BDs (for supporting additional DCI size based on 1_0) and reuse the existing BDs configured for scheduling the Scell. 
Proposal 7
PDCCH-order Random access can be supported through DCI format 1_1 and reusing same bit fields as PDCCH-ordered Random access in self-scheduling  and an additional carrier indicator field, size matched to DCI format 1_1.

Conclusions
In this document, we discuss issues related to specification of cross-carrier scheduling with different numerologies and propose the following.
Proposal 1  Minimum values for Δ for case 1-1 lower SCS PDCCH to higher SCS PDSCH: 15 kHz: 2 symbols, 30 kHz: 4 symbols, 60 kHz: 6 symbols.

Proposal 2:  Propose to adopt Alt 1 for case 1-2 and case 2 scheduling when lower SCS PDCCH schedules a higher SCS PDSCH.

Proposal 3:  For scheduling from higher SCS PDCCH to a lower SCS PDSCH, reuse Rel-15 solution and apply constraint that Type B PDSCH starts after PDCCH scheduling it. 

Proposal 4

When the serving cell ID in the MAC message ‘TCI state indication for UE-specific PDCCH MAC CE’ indicates a serving cell ID of a serving cell that is cross-carrier scheduled by another cell,  the TCI state indicated in the MAC CE is used for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.

Proposal 5

For CA with mixed numerology, increased number of valid unicast DCIs per PDCCH monitoring occasion can be considered.
Proposal 6
PDCCH monitoring agreement (limits on BDs/CCEs) from RAN1#96 is applicable
a) When the UE is configured with cross-carrier scheduling with scheduling carrier with one SCS, and at least one corresponding scheduled carrier with another SCS
b) In addition to case a) when the UE is also configured with another scheduled carrier with the same SCS as the scheduling carrier

Proposal 7
PDCCH-order Random access can be supported through DCI format 1_1 and reusing same bit fields as PDCCH-ordered Random access in self-scheduling  and an additional carrier indicator field, size matched to DCI format 1_1.
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