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1. Introduction
In this contribution, scheduling/HARQ for carrier aggregation is discussed. So far, following relevant agreements were achieved [1]:
	Agreements at the email discussion after RAN1 AH#2:
•      On the search space
–     A UE monitors PDCCH candidates in common search space(s) at least for RMSI and UE specific search space(s) on Primary Component Carrier (PCC)
–     A UE monitors PDCCH candidates at least on UE-specific search space(s) for an Secondary Component Carrier (SCC)
•      Support cross carrier scheduling with CIF 
–     NR at least support that a carrier is scheduled by one and only one carrier
–     FFS: the number of CIF bits
–     FFS: BWP aspects for cross carrier scheduling
•      For cross-carrier scheduling, PDCCH and the scheduled PDSCH can have the same or different numerologies.
•      For self-scheduling, PDCCH and the scheduled PDSCH have the same numerology
–     FFS whether for self-scheduling, PDCCH and the scheduled PDSCH can have different numerologies.
•      For self and cross-carrier scheduling, PDCCH and the scheduled PUSCH can have the same or different numerologies.
•      When numerology are different between PDCCH and the scheduled transmission, the time granularity indicated in the DCI for the timing relationship between the end of PDCCH and the corresponding scheduled transmission is based on the numerology of the scheduled transmission.
•      For multiple timing advance groups
–     LTE timing difference requirement can be used as a starting point
•      FFS factors related to this requirement.
–     Support PRACH transmission for timing advance acquisition on SCC
•    NR Supports 2 cell groups for PUCCH for NR DC
–     FFS: NR supports 2 cell groups for PUCCH for NR CA

Working assumptions at the email discussion after RAN1 AH#2:
•      HARQ-ACK transmission related to multiple DL component carriers is supported for DL component carriers operating with the same and different numerology
–    The time granularity of a HARQ-ACK transmission, indicated in the DCI scheduling the PDSCH,  is based on the numerology of PUCCH transmission.
· 




2. Remaining FFSs on scheduling for CA
On the number of CIF bits, similar to Rel.13 eCA, there is no reason to enable huge number of carriers to be scheduled by one carrier. Especially for NR, wider bandwidth compared to LTE is supported and hence, demand for multiple carrier operation for wider bandwidth scenario could be smaller than that for LTE. Considering the trade-off between flexibility and signaling overhead increase, same number of bits for LTE CIF (i.e., 3 bits) would be reasonable. If a UE is configured with more than 8 carriers, more than one scheduling carriers can be used to schedule more than 8 carriers. In short, Rel.13 eCA mechanisms can directly be re-used for cross-carrier scheduling for NR CA.
For NR, UE can be configured with multiple bandwidth parts (BWPs) in one carrier. From scheduling/HARQ point of view, it seems almost no difference between multi-carrier operation and multi-BWP operation, if there is no restriction on the number of active BWPs when the UE is configured with multiple BWPs; if the number of active BWP is limited (e.g., limited to one), the mechanisms for multi-BWP operation should take the restriction into account. As the starting point, RAN1 should consider designing multi-carrier operation including cross-carrier scheduling such that it can directly be applied to multi-BWP operation. 
Proposal 1:
· The number of CIF bits is 3.
· UE is configured with the linkage between scheduling carrier and scheduled carrier.
· RAN1 strives for designing scheduling/HARQ mechanisms for multiple-carrier operation including cross-carrier scheduling such that they can be re-used for multi-BWP operation, if multi-BWP operation is supported.

For PDSCH self-scheduling, it is FFS whether to allow having different numerologies between PDCCH and PDSCH. Since the following cases are already supported, different numerologies between PDCCH and PDSCH can be supported with having no/minimal specific/additional effort.
(1) For PDSCH cross-carrier scheduling, different numerologies between PDCCH and PDSCH
(2) For PUSCH self-/cross-carrier scheduling, different numerologies between PDCCH and PUSCH 
Note that each DL BWP is associated with a specific numerology. Therefore, for PDSCH self-scheduling with different numerologies between PDCCH and PDSCH, it is necessary to configure different DL BWPs for PDCCH and PDSCH. Therefore, even though this is self-scheduling, cross-BWP scheduling mechanism would be necessary. 
Proposal 2:
· PDSCH self-scheduling with different numerologies between PDCCH and PDSCH is supported.
· Note that it is necessary to configured one DL BWP for PDCCH and another DL BWP for PDSCH for this operation.

It was agreed to support multiple timing advances. In LTE, the maximum timing difference between two TA groups is 32.47us, taking into account that the maximum DL reception timing difference between carriers at different locations is 30.26us and UE has a certain delay/error for UL transmission. From operator’s point of view, it is very important to make sure that NR can support the deployments that are already promised by LTE, so that NR can be the replacement of LTE. Since multiple TA is a mandatory feature of Rel. 11 LTE for FDD UL-CA, also for NR, multiple TA with maximum timing difference between two TAGs being 32.47us should be supported at least with certain configurations.
In case of SCS = 15kHz, NR frame structure is quite similar with LTE frame structure. Therefore, it is natural to support 32.47us TA difference for SCS = 15kHz. On the other hand, from UE point of view, for SCS higher than 15kHz, keeping the same TA difference would become further challenging. Therefore, it should be allowed to reduce the maximum TA difference for the UE configured with SCS other than 15kHz. Various cases need to be considered, e.g., single SCS for all CCs, different SCSs between UL-CCs, different SCSs between DL-CCs and UL-CCs, etc.
In RAN1, at first, it is better to focus on necessary supportable DL reception timing difference for various scenarios with carrier/BWP of SCS higher than 15kHz. 
Proposal 3:
· At least UL-CA with SCS=15kHz for all the carriers/BWPs, maximum TA difference of 32.47us is supported.
· Further study is necessary for other scenarios.

It was discussed whether to support 2 cell groups for PUCCH for NR CA. Similar to the above discussion on multiple TA, it is important to make sure that necessary LTE deployment scenarios can be supported by NR. The necessary scenarios include 2 cell groups for PUCCH for NR CA.
Proposal 4:
· NR supports 2 cell groups for PUCCH for NR CA.

3. Conclusion
In this contribution, scheduling and HARQ aspects for CA are discussed and following proposals were made.
Proposal 1:
· The number of CIF bits is 3.
· UE is configured with the linkage between scheduling carrier and scheduled carrier.
· Scheduling/HARQ mechanisms for multiple-carrier operation are re-used for multi-BWP operation if multi-BWP operation is supported.
Proposal 2:
· PDSCH self-scheduling with different numerologies between PDCCH and PDSCH is supported.
· Note that it is necessary to configured one DL BWP for PDCCH and another DL BWP for PDSCH for this operation.
Proposal 3:
· At least UL-CA with SCS=15kHz for all the carriers/BWPs, maximum TA difference of 32.47us is supported.
· Further study is necessary for other scenarios.
Proposal 4:
· NR supports 2 cell groups for PUCCH for NR CA.
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