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To make sure timely ASN.1 frozen, the first priority for RAN1/RAN2/RAN4 of Q2 is UE feature finalization. In this contribution, we provides our views on the controversial issues of UE features for MR-DC CA.
Discussion
Number of valid DCIs in each slot/span
During RAN1#97 meeting, the following agreements has been endorsed [1].
	Agreements:
· For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), support using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH), where M<=N (for slot aggregation, M<N) following at least one of the following rules (potential down-selection can be done during Rel-16 UE feature discussion):
· Alt 1a: Define max number of unicast DCIs that the UE is expected to decode in each span of PDCCH symbols
· Further discussion only for unicast DCI or not
· Alt 1b: Define an increased number of valid unicast DCIs per PDCCH monitoring occasions
· Alt 1c: based on Rel-15 FG 3-5/3-5b 
· Further discussion whether some additional clarification is needed or not  potential clarification can be discussed under UE features



The three alternatives are not mutually exclusive. Even if companies agree to define the maximum number of unicast DCIs per span or per slot, it is likely to result in more than one unicast DCIs in each MO. From this perspective, it’s preferred to directly define/increase the number of unicast DCIs in each MO. From our perspective, up to 4 unicast DCIs per MO can be the starting point for discussion. If more than 4 unicast DCIs per MO is supported, the current DAI field bits in DCI may need to be increased or some other rules may need to order the DAI counting.
According to RAN1#98bis meeting, UE vendors may have the concern that too many unicast DCIs are placed within one monitoring occasion if one scheduling cell cross-carrier schedules a large number of scheduled cells. In this case, the maximum number of unicast DCIs in one scheduling slot/span across all scheduled cells can be defined.
Proposal 1: 
Increase the number of valid DCIs in a PDCCH monitoring occasion to at least 4;
Define the maximum number of unicast DCIs in one scheduling slot/span across all scheduled cells.

Currently, the DAI is firstly ordered by the MO. For the PDSCHs scheduled from the same MO, the DAI is then ordered by the serving cell index. Take Figure 1 as an example, the numbers in brackets are (C-DAI, T-DAI) respectively. For PDSCHs scheduled from the same MO, the C-DAI is increased with the ascending order of serving cell index.
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[bookmark: _Ref19810445]Figure 1. DAI count order in Rel-15.

The current Rel-15 DAI counting mechanism assumes that only up to one unicast DL DCI is in each monitoring occasion for each scheduled cell, which doesn’t cover the case that more than one unicast DL DCI is received for the same scheduled cell. More than one unicast DL DCI for one scheduled cell is a typical case for cross-carrier scheduling with smaller SCS for the scheduling cell. For example, the scheduling cell is of 15 KHz SCS and the scheduled cell is of 120 KHz SCS, where one 15 KHz slot equals to 8 120 KHz slots. For full flexibility, up to 8 unicast DCIs may need to be transmitted within one MO. Thus, the new DAI counting order shall also take this case into account. For PDSCHs scheduled from the same MO for the same scheduled cell, the PDSCH starting time can be used for DAI counting. Combined with the Rel-15 DAI counting order, the new DAI counting order can be summarized as below:
(1) First in ascending order of PDSCH starting time;
(2) Second in ascending order of serving cell index;
(3) Third in ascending order of MO index.
Figure 2 shows an example about the above order rules. The HARQ-ACK of all the PDSCH transmissions correspond with the same PUCCH slot. The numbers in brackets are (C-DAI, T-DAI) respectively. PDSCH A and PDSCH B are counted first since they are from the MO#0, then PDSCH A is counted before PDSCH B since PDSCH A is from a smaller serving cell index. Among PDSCH C, D, E and F, PDSCH C are first counted since it is from the smallest serving cell index followed by PD-SCH D. Then, PDSCH E is counted before PDSCH F since PDSCH E starts earlier. 
Proposal 2: If the maximum number of unicast DCIs per MO is increased, the PDSCH starting time in addition to the existing MO and Cell index is introduced to order the HARQ-ACK feedback.
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[bookmark: _Ref19811373]Figure 2. DAI count order if more than one DCI is received within one MO.

 Clarification of the UE feature
For Component 4 of FG-2, FG-2a and FG-3, the description ‘LTE UL transmissions scheduled/triggered by a DCI in any UL subframe of the TDM pattern’ is not very clear. ‘Any UL subframe of the TDM pattern’ seems to refer to the UL subframes designated as UL by TDM. However, FG-2a says this is only for type1 UE, which make this description confusing. We propose to update the Component 4 of FG-2, FG-2a and FG-3 as below.
4) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe of the TDM pattern (for type1 UE).
Proposal 3:
Update the Component 4 of FG-2, FG-2a and FG-3 as below
4) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe of the TDM pattern (for type1 UE).

According to the following agreements reached in RAN1#99 meeting, UE feature 18-3a (i.e., Semi-statically configured LTE UL transmissions in all UL subframes not limited to tdm-pattern) is also applicable to dual Tx UE. Thus, FG 18-3 shall also be one of the prerequisite FG of 18-3a.
	Agreements:
For a UE configured with DL-reference DL/UL configuration in Rel-16 (including single Tx with LTE TDD PCell or LTE FDD PCell, and dual Tx cases):
· For type 2 UE (i.e., UE without dynamic power sharing capability), any LTE UL transmissions should take place only in UL subframes designated for HARQ-ACK feedback.
· For type 1 UE (i.e., UE with dynamic power sharing capability), 
· Confirm that any LTE UL transmissions scheduled/triggered by DCI can take place in UL subframes not designated for HARQ-ACK feedback.
· FFS UE is not expected to transmit semi-statically configured LTE UL transmissions in the UL subframes other than those designated as UL in the DL-reference configuration if such transmission collide with NR UL transmissions.

Agreements
For the FFS part in the agreement above, 
· semi-statically configured LTE UL transmissions are allowed in all UL subframes.
· Note: In case of collision, LTE transmission is prioritized
· Note: this configuration is subject to UE capability



Proposal 4: Include FG 18-3 as the prerequisite for FG 18-3a.

Conclusion
In this contribution, we provide our views on UE features for MR-DC CA and the following proposals are proposed.
Number of valid DCIs in each slot/span
Proposal 1: 
Increase the number of valid DCIs in a PDCCH monitoring occasion to at least 4;
Define the maximum number of unicast DCIs in one scheduling slot/span across all scheduled cells.
Proposal 2: If the maximum number of unicast DCIs per MO is increased, the PDSCH starting time in addition to the existing MO and Cell index is introduced to order the HARQ-ACK feedback.

Clarification of the UE feature
Proposal 3:
Update the Component 4 of FG-2, FG-2a and FG-3 as below
4) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe of the TDM pattern (for type1 UE).
Proposal 4: Include FG 18-3 as the prerequisite for FG 18-3a.

Overall, our proposal could be summarized as below based on the latest version of UE feature [2].

	Index
	Feature group
	Components
	Prerequisite feature groups

	18-2
	Single UL TX operation for TDD PCell in intra-band EN-DC
	TDM restriction to LTE TDD PCell in EN-DC for singleUL-Transmission associated functionality when tdm-patternConfig-r16 is configured
1) TDD UL/DL configuration#2, #4, #5 configured as DL-reference UL/DL configuration 
2) PRACH transmission in non- designated UL subframes given by the DL-reference configuration (for type 1 UE)
3) HARQ subframe offset
4) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe of the TDM pattern (for type1 UE)
[5) if UE indicates that it does not support simultaneous UL transmissions as defined in TS 38.101-3 [4] using singleUL-Transmission, NR (SCG) UL transmission is dropped when an overlapping LTE (MCG) UL transmission is present (for type 1 UE).”]
	EN-DC

	18-2a
	Enhanced single UL TX operation for FDD Pcell EN-DC
	TDM restriction to LTE FDD Pcell in EN-DC for singleUL-Transmission associated functionality when tdm-patternConfig-r16 is configured
1) DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell
2) PRACH transmission in non- designated UL subframes given by the DL-reference configuration (for type 1 UE)
3) HARQ sub-frame offset
4) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe of the TDM pattern (for type 1 UE)
[5) if UE indicates that it does not support simultaneous UL transmissions as defined in TS 38.101-3 [4] using singleUL-Transmission, NR (SCG) UL transmission is dropped when an overlapping LTE (MCG) UL transmission is present (for type 1 UE).”]
	6-13

	18-3
	Dual Tx transmission for EN-DC with FDD PCell(TDM pattern for dual Tx UE)
	TDM restriction to LTE FDD PCell in EN-DC for dual UL Tx operation when tdm-patternConfig-r16 is configured
1) DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell
2) PRACH transmission in non- designated UL subframes given by the DL-reference configuration (for type 1 UE)
3) HARQ subframe offset
4) LTE UL transmissions scheduled/triggered by a DCI in any UL subframe of the TDM pattern(for type1 UE)
	EN-DC

	18-3a
	Semi-statically configured LTE UL transmissions in all UL subframes not limited to tdm-pattern
	UE configured with tdm-patternConfig-r16 can be semi-statically configured with LTE UL transmissions in all UL subframes not limited to the reference tdm-pattern
	18-2, 18-2a
18-3



	18-5
	Cross-carrier scheduling with different SCS
	
1) The UE supports cross carrier scheduling for the different numerologies with carrier indicator field (CIF) in DL carrier aggregation where numerologies for the scheduling cell and scheduled cell are different

[2) Processing up to X 4 unicast DCI scheduling (DL and UL) per scheduled CC per scheduling [slot/span] ]

[3 Default QCL assumption for cross-carrier scheduling with different SCS]
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