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This contribution discusses issues in CA with mixed numerology. 
During RAN#78 plenary meeting, the following decision has been made:
· For NR-NR CA, finalization of the work to enable up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) in RAN1 in Q1, and in RAN4 (Core) for Q2, for the December drop

This is a reduced resubmission of R1-1720694, with some new material in Section 2.2.
[bookmark: _Toc503314554][bookmark: _Toc503531337]CA with Mixed Numerology

Scheduling
Cross carrier scheduling with mixed numerology was already agreed for NR. Figure 1 shows two cases for cross carrier DL scheduling with mixed numerology. One case is a larger SCS scheduling a smaller SCS and the other case is opposite. Current HARQ framework with slot (K0) and symbol granularity (N0) for DL data scheduling, further clarification/agreement is necessary to clearly define the distance between the end of PDCCH and the start of data scheduling. For case 1, there can be ambiguities on:
· Do we first allow PDCCH on slot 2n+1 allows scheduling in slot m?
· To restrict UE complexity, it is proposed that cross carrier scheduling is allowed toward equal or later slot only (defined by the beginning of the slot). In other words, slot 2n+1 cannot schedule the data in slot m. Otherwise, we will introduce additional complexity compared to the same numerology scheduling (i.e., similar to allowing PDCCH anywhere in slot for slot-based scheduling).
· How to define K0 from slot 2n and 2n+1 respectively
· It was agreed that the distance between the end of PDCCH and the start of PDSCH is based on the numerology of data transmission. Slot m is considered as K0=0 for both slot 2n and slot 2n+1. Therefore, when a larger SCS schedules a smaller SCS, it is proposed that the overlapping slot is considered as K0=0.
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For case 2, K0 definition also needs clarification. For example, should we call slot 2n+1 as K0=0 or 1? If we try to be based on the numerology of the data transmission, K0=1 may be more adequate. Otherwise, we need to introduce N0 larger than 14. When a smaller SCS schedules a larger SCS, it is proposed that K0=0 is defined for the slot whose beginning slot boundary is aligned with the beginning slot boundary with PDCCH.
[bookmark: _Toc498708425][bookmark: _Toc498714726][bookmark: _Toc498714743][bookmark: _Toc498716912][bookmark: _Toc498716977][bookmark: _Toc498720480][bookmark: _Toc498720516][bookmark: _Toc503314557][bookmark: _Toc503531340][bookmark: _Toc503532187][bookmark: _Toc503546292]Proposal 3: When a smaller SCS schedules a larger SCS for DL data, K0=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with DL grant.
Another issue with cross carrier scheduling is whether to have a joint grant or separate grant. For case 1, cross carrier scheduling is not different from the cross carrier scheduling with same numerology in terms of necessary grants. For case 2, given multiple slots overlapping with the slot with PDCCH, there can be a separate DCI per grant or a joint DCI for multiple grants. For scalable design, a separate DCI per grant is beneficial. On the other hand, a joint grant will be more spectrally efficient in terms of resource utilization. Some restrictions may be necessary in order not to increase the DCI proportional to the number of grants.
[bookmark: _Toc498708426][bookmark: _Toc498714727][bookmark: _Toc498714744][bookmark: _Toc498716913][bookmark: _Toc498716978][bookmark: _Toc498720481][bookmark: _Toc498720517][bookmark: _Toc503314558][bookmark: _Toc503531341][bookmark: _Toc503532188][bookmark: _Toc503546293]Proposal 4: A separate DCI per grant is supported for cross carrier scheduling with mixed numerology. A joint grant is also supported for NR.
Although Figure 1 shows DL scheduling, same case exists for UL data scheduling. Proposal 1 through 3 can be applicable for both DL and UL scheduling. Therefore, the following additional proposals can be made.
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[bookmark: _Toc498708428][bookmark: _Toc498714729][bookmark: _Toc498714746][bookmark: _Toc498716915][bookmark: _Toc498716980][bookmark: _Toc498720483][bookmark: _Toc498720519][bookmark: _Toc503314560][bookmark: _Toc503531343][bookmark: _Toc503532190][bookmark: _Toc503546295]Proposal 6: When a smaller SCS schedules a larger SCS for UL data, K2=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with UL grant.



(a) Case 1: Larger SCS scheduling smaller SCS


(b) Case 2: Smaller SCS scheduling larger SCS
Figure 1: Cross carrier DL scheduling with mixed numerology

[bookmark: _Ref503531383]HARQ feedback handling
Cross carrier acknowledgement with mixed numerology was also agreed for NR. Figure 2 shows two cases for cross carrier acknowledgement with mixed numerology for DL scheduling. Case 1 is when A/N is transmitted on a carrier with smaller SCS. Case 2 is the other case. 
For case 1, similar to data scheduling in subsection 2.1, the following proposals are made.
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For case 2, K1 definition needs some clarification. The following is proposed.
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In other words, slot 2n+1 becomes K1=0. Slot 2n+2 is K1=1, 2n+3 is K1=2 and so on.



(a) Case 1: A/N transmitted on a carrier with smaller SCS


(b) Case 2: A/N transmitted on a carrier with larger SCS
Figure 2: Cross carrier ACK transmission with mixed numerology

With regards to HARQ-ACK feedback multiplexing, there are two approaches to codebook construction: Semi-static codebook, or dynamic codebook. For dynamic HARQ-ACK codebook, downlink assignment index (DAI) is an effective technique and it is worth pointing out that there are at least two ways to accumulate the DAI counter:
Alt 1: Block-wise time-first, frequency-second
Alt 2: Block-wise frequency-first, time-second
“Block-wise” refers to a given slot duration. Examples are illustrated below, with the assumption that all slots have PDSCH scheduled.
[image: ][image: ]
Figure 3: DAI counter accumulation order for CA with mixed numerology
Alt 2 is preferable since the gNB does not have to predict where slot 2n+1 is to be scheduled or not when it is scheduling slot 2n and slot m.
[bookmark: _Toc503531346][bookmark: _Toc503532193][bookmark: _Toc503546298]Proposal 9: Frequency-first, time-second DAI counter accumulation order is preferred for dynamic HARQ-ACK codebook.

Power control with mixed numerology
UL CA will also be supported with NR. When UL CCs have different numerologies, UE transmit power changes in the middle of the slot with a smaller SCS due to the slot boundary with a larger SCS. This may cause the gate state switching which causes phase discontinuity. Phase discontinuity will lead to demodulation performance degradation due to the mismatch between estimated channel and the channel experienced by the data channel. Due to this reason, it is proposed to have a single PC group corresponding to a group of the same numerology per band. CCs in inter-band CA can have individual PC group, given the use of separate PA/RF chains.
[bookmark: _Toc498708432][bookmark: _Toc498714732][bookmark: _Toc498714749][bookmark: _Toc498716918][bookmark: _Toc498716983][bookmark: _Toc498720486][bookmark: _Toc498720522][bookmark: _Toc503314563][bookmark: _Toc503531347][bookmark: _Toc503532194][bookmark: _Toc503546299]Proposal 10: NR supports a single power control group corresponding to a group of the same numerology per band.
[bookmark: _GoBack]Conclusion
This contribution has presented issues in CA with mixed numerology. The following proposals have been made:

Proposal 1: Cross carrier slot-based scheduling is allowed toward equal or later slot only (defined by the beginning of the slot).
Proposal 2: When a larger SCS schedules a smaller SCS for DL data, the overlapping slot is considered as K0=0.
Proposal 3: When a smaller SCS schedules a larger SCS for DL data, K0=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with DL grant.
Proposal 4: A separate DCI per grant is supported for cross carrier scheduling with mixed numerology. A joint grant is also supported for NR.
Proposal 5: When a larger SCS schedules a smaller SCS for UL data, the overlapping slot is considered as K2=0.
Proposal 6: When a smaller SCS schedules a larger SCS for UL data, K2=0 is defined for the slot whose beginning slot boundary is aligned with that of the slot containing PDCCH with UL grant.
Proposal 7: When A/N is transmitted on a carrier with a smaller SCS, the overlapping slot is considered as K1=0.
Proposal 8: When A/N is transmitted on a carrier with a larger SCS, K1=0 is defined for the slot whose ending slot boundary is aligned with that of the slot containing PDSCH.
Proposal 9: Frequency-first, time-second DAI counter accumulation order is preferred for dynamic HARQ-ACK codebook.
Proposal 10: NR supports a single power control group corresponding to a group of the same numerology per band.
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