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1. Introduction
In this contribution, we present our initial views on scheduling and HARQ aspects for carrier aggregation and dual connectivity.
2. NR carrier aggregation
RAN1 agreed to specify maximum bandwidth of 400 MHz per NR carrier. Within a given NR carrier, UE may support narrower access bandwidth compared to the bandwidth of the carrier [1]. Besides, even if the UE support the full bandwidth of the carrier, the actual monitored/scheduled bandwidth can be narrower than the carrier bandwidth in flexible manner, e.g., by RF bandwidth adaptation [2]. As such, NR will/should provide sufficient tools to utilize extremely wideband carrier in efficient and flexible manners.
However, even with those, there is still 400 MHz carrier bandwidth limitation of one NR carrier and beyond this requires aggregating NR carriers. Furthermore, non-contiguous NR carriers in different frequencies (e.g., sub-6 and above-6, licensed band and unlicensed band, etc) cannot be utilized as one NR carrier. NR carrier aggregation should be a mechanism to increase the UE throughput in these cases, including even beyond total bandwidth of 400 MHz. Besides, NR carrier aggregation should be a mechanism to enable efficient and reliable multiple carrier operations in various (e.g., co-located and non-co-located) deployment scenarios. At least, CA deployment scenarios 1 – 4 of TS 36.300 Section J.1 should be equally prioritized from the beginning.
Proposal 1:
· NR carrier aggregation mechanisms are specified such that:
· UE throughput can be efficiently improved by aggregating multiple NR carriers.
· Efficient and reliable operations using multiple NR carriers in various deployment scenarios are enabled.
· At least CA deployment scenarios 1 – 4 of TS 36.300 Section J.1 are supported with equal priority.

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. 
Proposal 2:
· 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.
· FFS:
· Cross-CC HARQ (HARQ process sharing between CCs) together with cross-CC scheduling.

3. LTE-NR/NR-NR dual connectivity
The only solution to aggregate LTE carrier(s) and NR carrier(s) is the dual connectivity as they are different RATs. Similar to carrier aggregation, RAN1 mechanisms for LTE-NR/NR-NR dual connectivity can also be based on LTE dual connectivity. Considering that the following agreement has been made in RAN2 [3], RAN1 should prepare specifications supporting both synchronous and asynchronous dual connectivity.
	Agreement at RAN2#97:
· RAN2 assumption is that EN-DC should support the deployment scenario that LTE eNB are not synchronized with NR gNB.



Besides, RAN4 sent a LS regarding NR [4] and one of their view is following:
	In some NSA scenarios, e.g. when both LTE and NR are in below 6 GHz, uplink transmission power sharing should be considered to meet SAR requirement in a same principle as UL CA/DC, but RAN4 is not sure whether power sharing between different RATs is feasible from RAN1/2 and implementation point of view and can't exclude other methods. One possible way is to simply define independent maximum power for LTE and NR and compliance with the SAR is left to implementation. However, this could require SAR back-off which cannot be controlled by the NW. Therefore, RAN4 would like to ask RAN1 and RAN2 to study the feasibility of the power sharing mechanism as soon as possible.



Therefore, RAN1 should determine how/whether power sharing mechanisms between CC-groups for dual connectivity is specified taking into account synchronous and asynchronous cases. For this, if specified, LTE dual connectivity power control mode 1 and mode 2 can be starting points. Besides, the DC PC mode 1 can also be used for NR carrier aggregation in case UCI feedback on multiple uplink carriers, and DC PC mode 2 can also be used for NR carrier aggregation in case multiple carriers use different TTI lengths and/or different numerologies. 
Proposal 3:
· Consider LTE dual connectivity as a starting point of LTE-NR/NR-NR dual connectivity.
· Both synchronous and asynchronous dual connectivity are targeted.
· One CC-group is formed by LTE/NR CCs, and another CC-group is formed by NR CCs.
· Scheduling and HARQ mechanisms/procedures are CC-group independent.
· Between CC-groups, LTE DC PC mode 1 and mode 2 can be starting points.
· DC PC mode 1 can also be the starting point for NR CA with UCI feedback on multiple UL carriers.
· DC PC mode 2 can also be the starting point for NR CA with different TTI lengths/numerologies on multiple UL carriers.

4. Conclusion
In this contribution, we discussed CA and DC for NR and proposed following:
Proposal 1:
· RAN1 specify NR carrier aggregation mechanisms such that:
· UE peak throughput can be efficiently improved by aggregating multiple NR carriers.
· Efficient and reliable operations using multiple NR carriers in various deployment scenarios are enabled.
· At least CA deployment scenarios 1 – 4 of TS 36.300 Section J.1 are supported with equal priority.
Proposal 2:
· 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.
· FFS:
· Cross-CC HARQ (HARQ process sharing between CCs) together with cross-CC scheduling.
Proposal 3:
· Consider LTE dual connectivity as a starting point of LTE-NR/NR-NR dual connectivity.
· Both synchronous and asynchronous dual connectivity are targeted.
· One CC-group is formed by LTE/NR CCs, and another CC-group is formed by NR CCs.
· Scheduling and HARQ mechanisms/procedures are CC-group independent.
· Between CC-groups, LTE DC PC mode 1 and mode 2 can be starting points.
· DC PC mode 1 can also be the starting point for NR CA with UCI feedback on multiple UL carriers.
· DC PC mode 2 can also be the starting point for NR CA with different TTI lengths/numerologies on multiple UL carriers.
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