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1. Introduction
At the RAN1#88bis meeting, following agreements were achieved [1]:
	Agreements:
· For NR CA, at least CA deployment scenarios 1 – 4 of TS 36.300 Section J.1 are supported with equal priority.
· Carrier aggregation across duplexing schemes between carriers is supported

Agreements:
· For carrier aggregation, multiple timing-advance groups are supported
· FFS: The number of timing advance groups
· For LTE-NR DC, from UE perspective,
· The deployment scenario that LTE eNB are not synchronized with NR gNB when operating on different and non-overlapping carrier frequencies is supported.
· The deployment scenario that LTE eNB are synchronized with NR gNB is supported when operating on different and non-overlapping carrier frequencies is supported.
· For NR-NR DC, from UE perspective,
· The deployment scenario that one NR gNB are not synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.
· The deployment scenario that one NR gNB are synchronized with another NR gNB for different cell-groups at least when operating on different and non-overlapping carrier frequencies is supported.
· FFS: exact definition of synchronous
· For LTE-NR/NR-NR DC, scheduling and HARQ mechanisms/procedures between cell-groups are independent.



In this contribution, we present our initial views on scheduling and HARQ aspects for carrier aggregation and dual connectivity.
2. NR carrier aggregation
The baseline mechanisms of NR carrier aggregation could be quite similar to LTE carrier aggregation. Further enhancements can be considered if benefits are found. One necessary enhancement (compared to LTE) is to support aggregating NR carriers in which the UE accesses using different numerologies and/or TTI lengths. This is essential to realize carrier aggregation using, e.g., carrier frequencies of, e.g., 4GHz and 30GHz, and would be useful to other scenarios. Two options can be considered from scheduling and HARQ point of view:
Option 1: Scheduling/HARQ is performed within a CC-group configured with the same numerology/TTI length
Similar to LTE dual connectivity and PUCCH on SCell, CCs are grouped into one CC-group in which the numerology and TTI length are aligned. Scheduling/HARQ is performed within the CC-group. For example, sub-6GHz carriers using TTI length of 1ms form one CC-group, and above-6GHz carriers using TTI length of 0.25ms form another CC-group. Then, UCI feedback for each CC-group is carried within the CC-group. Cross-carrier scheduling across CC-groups is not supported.
Option 2: Scheduling/HARQ is performed across carriers with different numerologies/TTI lengths
For example, DL data with SCS = 60kHz at a CC can be cross-carrier scheduled by DL control with SCS = 15kHz at another CC. Or, HARQ-ACK feedback for DL data with SCS = 60kHz at a CC can be transmitted by UL control with SCS = 15kHz at another CC.
Option 1 simplifies the specification while option 2 enables reliable operation of mmwave carriers requiring higher SCS. One of typical deployment of mmwave carriers is to be aggregated with sub-6GHz carriers. For carrier aggregation between sub-6GHz and above-6GHz, not only numerologies and/or TTI lengths, but also operating mechanisms would be completely different. For example, sub-6GHz carrier is operated with higher-order MIMO/MCS with limited bandwidth to improve the spectral efficiency, while above-6GHz carrier is operated with lower-order MIMO/MCS with beam-forming with wider bandwidth to improve the area spectral utilization ratio. Considering that achieving coverage using sub-6GHz is relatively easier, making use of sub-6GHz for achieving higher reliability is quite useful. Therefore, we propose to consider option 2 for NR carrier aggregation.
Proposal 1:
· Consider LTE carrier aggregation as a starting point.
· Primary component carrier (PCC) and secondary CC (SCC) are defined.
· PCC is always active.
· SCC is activated according to gNB indication.
· SCC is de-activated according to gNB indication and UE timer expiration.
· DL/UL data scheduling is per CC.
· UCI feedback is per CC or per CC-group.
· Both UCI on one CC and UCI on multiple CCs are supported.
· Support CA using CCs with different TTI lengths and/or different numerologies.
· Consider cross-carrier scheduling/HARQ feedback across CCs with different TTI lengths/numerologies.

For carrier aggregation between sub-6GHz and above-6GHz, in order to further rely on sub-6GHz to ensure the reliability, HARQ process sharing across CCs would be useful. In this operation, once the data scheduled on above-6GHz carrier is failed, the re-transmission can be scheduled on a sub-6GHz carrier. From RAN1 point of view, as long as carrier indication field (CIF) and HARQ process number indication field are included in the DCI, it is possible to move a HARQ process of one CC to the other CC for the re-transmission. RAN1 should further consider what specification impact is expected for the cross-CC HARQ operations.
Note that RAN1 agreed to support CA with up to 16 CCs for NR. Therefore, the size of the CIF field in a DCI can be at least up to 4 bits. 
Proposal 2:
· Consider cross-CC HARQ (HARQ process sharing between CCs) together with cross-CC scheduling.

3. LTE-NR/NR-NR dual connectivity
Agreements made at the RAN1#88bis meeting imply that the cell-group concept will be supported for dual connectivity. The remaining big issue from RAN1 point of view is whether/how to support power-control. It was agreed that scheduling and HARQ mechanisms and procedures between cell-groups are independent. Therefore, same as for LTE dual connectivity, UE power-control is independent between transmissions across cell-groups. In order to meet the regulatory requirement, UE shall scale the transmit power such that the output power does not exceed the defined value, at least for below 6 GHz. It is not yet clear how regulatory requirements will be made for above 6 GHz.
At Rel. 12, as a key feature of power-control for asynchronous dual connectivity, guaranteed power was introduced. It is configured by higher-layer for the cell-group, and the UE shall guarantee the transmit power allocation at least up to the guaranteed power. Whether/when/how to allocate the transmit power exceeding the guaranteed power is up to UE implementation. Note that the UE maximum output power shall not be exceeded with any conditions. 
For LTE-NR dual connectivity power-control, the same concept can be applied, no matter whether they are asynchronous, using different subcarrier-spacing, etc. 
Proposal 3:
· Support power sharing mechanism for LTE-NR dual connectivity by RAN1 specification.
· At least guaranteed power for each cell-group is supported.
· Further optimization can be considered at later stage if deemed necessary.

4. Conclusion
In this contribution, we discussed CA and DC for NR and proposed following:
Proposal 1:
· Consider LTE carrier aggregation as a starting point.
· Primary component carrier (PCC) and secondary CC (SCC) are defined.
· PCC is always active.
· SCC is activated according to gNB indication.
· SCC is de-activated according to gNB indication and UE timer expiration.
· DL/UL data scheduling is per CC.
· UCI feedback is per CC or per CC-group.
· Both UCI on one CC and UCI on multiple CCs are supported.
· Support CA using CCs with different TTI lengths and/or different numerologies.
· Consider cross-carrier scheduling/HARQ feedback across CCs with different TTI lengths/numerologies.
Proposal 2:
· Consider cross-CC HARQ (HARQ process sharing between CCs) together with cross-CC scheduling.
Proposal 3:
· Support power sharing mechanism for LTE-NR dual connectivity by RAN1 specification.
· At least guaranteed power for each cell-group is supported.
· Further optimization can be considered at later stage if deemed necessary.
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