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1	Introduction 
In the email discussion of MR DC/CA others (7.2.13.6) after RAN1 #98 [1], we have the following conclusion: 

For increased number of DCIs per monitoring occasion, following companies indicate support or acceptance: Nokia, ZTE, Vivo, Ericsson, Intel, Samsung
For using FG3-5b, following companies indicate support or acceptance: Qualcomm, Huawei, MediaTek
FL Proposal:
· Increase the number of valid DCIs per monitoring occasion to [4] per scheduled cell
· Update the HARQ-ACK codebook and PUCCH resource determination to enable multiple this

Proposal [ZTE]: When PDSCH and its scheduling PDCCH are in the different CCs, if TCI field is present in DCI and the time offset between the reception of the DL DCI and the corresponding PDSCH is smaller than a threshold timeDurationForQCL, UE obtains the QCL assumptions other than QCL-TypeD from the indicated TCI state in DCI for the PDSCH.
· [bookmark: _Hlk20334702]Support: ZTE, MediaTek
· Open to discuss the proposal: Nokia, Qualcomm(?), Samsung
· Do not see the need: Vivo
FL proposal: Aim at converging on and agreeing to a detailed proposal in RAN1#98bis

Proposal [Qualcomm]: For cross-carrier PDSCH scheduling with scheduling CC’s SCS smaller than scheduled CC’s SCS, timeDurationForQCL has duration of  in terms of symbols on scheduled CC, where X has value in FG 2-2 based on SCS for scheduled CC; If scheduling CC’s SCS is equal to or larger than scheduled CC’s SCS, timeDurationForQCL has value in FG 2-2 based on SCS for scheduled CC
· Support: Qualcomm, MediaTek, [Samsung]
· Open to discuss the proposal: ZTE, Vivo
· Do not see the need: Nokia, Huawei
FL proposal: Aim at converging on and agreeing to a detailed proposal in RAN1#98bis


FL proposal: Introduce two separate UE capabilities:
1. Scheduling cell of lower SCS and scheduled cell of higher SCS
1. Scheduling cell of higher SCS and scheduled cell of lower SCS

This tdoc continues the discussions in the email discussion, focusing on remaining details on cross carrier scheduling.
2	Number of valid DCIs per monitoring occasion per scheduled cell
With Rel-15 UE capability FG 3-5b:
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 “For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD”

The FG defined the maximum number of unicast DCIs in terms of “span”, and it would be convenient to follow FG 3-5b for cross carrier scheduling. Besides, as mentioned in [1], the rule of FG 3-5b already can support multiple DCIs in one slot of lower SCS PDCCH scheduling multiple slots of a higher SCS PDSCH/PUSCH. Furthermore, the maximum DL data rate of 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b (2,2) as shown in Figure 1 [1] (assuming UE supports two unicast DL DCI per PDCCH span for one scheduled cell as defined in FG 3-5b). Hence, there seems no reason to define new rules on top of FG 3-5b or increase the number of valid DCIs per monitoring occasion to per scheduled cell.
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[bookmark: _Ref15312904]Figure 1. 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH/PUSCH with FG 3-5b {(2,2)} [1]

Observation 1: The maximum DL data rate of 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b (2,2).

Proposal 1: Do not define new rules on top of FG 3-5b or increase the number of valid DCIs per monitoring occasion to per scheduled cell for cross carrier scheduling with different numerology.
3	Scheduling cell of lower/higher SCS and scheduled cell of higher/lower SCS
For low SCS to high SCS scheduling, the use case is obvious for increasing the PDCCH coverage. Regarding high SCS to low SCS scheduling, the use case is not that obvious. One possible use case is if the “low SCS” cell suffers from PDCCH congestion or limited UL capacity, then the PDSCH can be scheduled by PDCCH on “high-SCS” cell. Besides, the UE requirement for high SCS to low SCS scheduling is also higher. Therefore, it is suggested to have independent UE capability for low SCS to high SCS scheduling and high SCS to low SCS scheduling

Proposal 2: Support separating low SCS to high SCS scheduling and high SCS to low SCS scheduling to independent capabilities.

4	SPS PDSCH release HARQ-ACK reporting in case of different PDSCH/PDCCH/PUCCH numerologies
In R15, for SPS PDSCH release HARQ-ACK reporting in HARQ-ACK Type-1 codebook, the PDSCH-to-HARQ-timing-indicator is counted from the slot containing PDCCH with the SPS PDSCH release control information, using an implicit assumption that the PDSCH and PDCCH numerology is the same. However, the details on how to determine the timing remains unclear when PDSCH and PDCCH numerologies are different.
The following lists conclusion in RAN1#94bis, it was concluded that SLIV should be used to derive the location of the HARQ-ACK:Conclusion:
· For semi-static HARQ-ACK codebook, clarify that location of HARQ-ACK for SPS PDSCH release is same as for the SLIV of SPS PDSCH
· Editor to check if clarification is needed in the spec

The above conclusion is enough to determine the location of the HARQ-ACK for SPS PDSCH release in case when the PDSCH slot duration ≥ PDCCH slot duration, however, in the case when PDSCH slot duration < PDCCH slot duration shown in Figure 1, several positions of the SPS PDSCH slot overlapping with the PDCCH slot are possible, these positions are normally resolved using K0, however, only the SLIV is used in R15.
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[bookmark: _Ref13840600]Figure 2: Possible SPS PDSCH slots position for PDSCH slot duration < PDCCH slot duration

To resolve the ambiguity shown in Figure 2, the last PDSCH slot overlapping with the PDCCH reception can be used.

Proposal 3: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is used to determine the location of the HARQ-ACK for SPS PDSCH release in HARQ-ACK Type-1 codebook when PDSCH and PDCCH are different numerologies.

Another issue is how to determine PUCCH Tx slot in case of different PDCCH, PDSCH and PUCCH numerologies. Figure 2 illustrates the PUCCH Tx slot when PDCCH and PUCCH slot durations are smaller than the PDSCH slot duration. In R15, if UE detects a DCI for SPS PDSCH release through a PDCCH reception ending in slot n, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot n+k, where k is indicated by PDSCH-to-HARQ-timing-indicator. And k=0 corresponds to the last slot of the PUCCH transmission that overlaps with PDCCH reception for SPS PDSCH release. When PDSCH slot duration > PDCCH/PUCCH slot duration as shown in Figure 2, it leads to PUCCH transmit slot that is earlier than the end of the overlapping PDSCH slot.

[image: ]

[bookmark: _Ref13750041]Figure 2: PUCCH Tx slot for k=0 when PDCCH and PDSCH numerologies are different

As discussed above, the location of the SPS PDSCH release HARQ-ACK reporting is based on the SLIV information for HARQ-ACK codebook type 1, therefore taking in account the overlapping PDSCH slot to determine the UL reporting slot is needed. To resolve this problem we propose to use the last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release as the reference slot instead of the PDCCH slot carrying the SPS PDSCH release. 

Proposal 4: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is the reference slot used to determine PUCCH Tx slot for SPS PDSCH release HARQ-ACK reporting in HARQ-ACK Type-1 codebook when PDSCH, PDCCH and PUCCH are different numerologies.
5	Summary 
This tdoc focuses on remaining details on cross carrier scheduling:
Observation 1: The maximum DL data rate of 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH is achievable with FG 3-5b (2,2).

Proposal 1: Do not define new rules on top of FG 3-5b or increase the number of valid DCIs per monitoring occasion to per scheduled cell for cross carrier scheduling with different numerology.

Proposal 2: Support separating low SCS to high SCS scheduling and high SCS to low SCS scheduling to independent capabilities.

Proposal 3: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is used to determine the location of the HARQ-ACK for SPS PDSCH release in HARQ-ACK Type-1 codebook when PDSCH and PDCCH are different numerologies.

Proposal 4: The last PDSCH slot that overlaps with the PDCCH slot containing the SPS PDSCH release is the reference slot used to determine PUCCH Tx slot for SPS PDSCH release HARQ-ACK reporting in HARQ-ACK Type-1 codebook when PDSCH, PDCCH and PUCCH are different numerologies.
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