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1. Introduction
During RAN1 NR Adhoc#3, following has been agreed for NR carrier aggregation.

Agreements:

· Maximum number of HARQ processes for unicast PDSCH is configured per cell for a UE

· FFS impact on DCI design
Agreements:
· For NR CA:

· If CIF is present in DCI, the bitwidth is fixed at 3 bit

· Note: BWP index (if available) is always a separate information field

· FFS detailed conditions for CIF presence

Working assumption:

· In case of cross-carrier scheduling, UESS search spaces for the scheduling cell and for the scheduled cell(s) are separated by offset(s) if they are in the same CORESET

· The offset(s) depends on CIF

· FFS details

· FFS the case of same DCI size (whether to have shared search space or not)
Agreements:
· UE can be configured to monitor group common CSS for at least pre-emption indication on a Scell

· UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)
In addition, following was prioritized for Dec, 2017 completion per RAN plenary decisions [1]
· NR-NR CA with the same and different numerologies

· Same numerology within the same PUCCH group, including both DL and UL

· Use of different numerology for SUL in a PUCCH group can be considered

In this contribution, we discuss several aspects related to NR carrier aggregation which was summarized during offline [2]. 
2. Discussion
2.1. Monitoring of group common PDCCH in CA
It has been agreed that UE can be configured to monitor group common PDCCH for preemption indication on either Pcell or Scell. However, it has not been fully concluded the monitoring behavior for SFI in case of CA. Generally, in case of intra-band carrier aggregation, the slot formats across different carriers are likely to be same, thus it would be beneficial to transmit SFI applicable to all the intra-band serving cells on one of them. In case of inter-band carrier aggregation, the slot formats may not be the same across the bands, in this case it should be allowed to transmit SFI on the respective serving cell. 
Proposal 1:
· UE can be configured to monitor group common PDCCH for SFI for a given Scell on either the same or a different serving cell. 
2.2. Support of cross-carrier scheduling
In order to ensure timely completion, it was agreed to prioritize the CA with same numerology across DL and UL carriers within a PUCCH group, while SUL can be considered and exception. However, even with same numerology, the TTI length, i.e. the slot based or mini-slot based scheduling can be applied on different carriers, even within the same PUCCH group. The slot based or mini-slot based scheduling can be achieved by configuring slot level or mini-slot level PDCCH monitoring periodicity, respectively. In this case, cross-carrier scheduling other carriers with different TTI length would introduce significant complexity compared to the self-carrier scheduling case, e.g. multi-TTI scheduling may be required when a scheduling cell has a longer PDCCH monitoring periodicity than the schedule cell. Given the limited time for Rel-15, it is proposed to focus on the cross carrier scheduling across carriers with same TTI length/PDCCH monitoring periodicity.  
Proposal 2:

· Support cross carrier scheduling with same TTI length/PDCCH monitoring periodicity in Rel-15. 
2.3. HARQ-ACK for DL CA
It has been agreed to support both semi-static and dynamic HARQ-ACK codebook determination in NR. However, details are to be developped. 

Semi-static HARQ-ACK codebook determination

In case of semi-static HARQ-ACK codebook in CA, the UE determines the HARQ-ACK codebook size by the following configurations by RRC. The codebook size is reduced in accordance with the actual number of DL transmissions. 
· Number of configured DL CCs

· Number of MIMO TBs in each configrued DL CC

· Number of configured CBGs in each configured DL CC
· The size of the ‘HARQ-ACK bundling window size’ in each DL CC 
For a slot with HARQ-ACK feedback to be transmtited, the ‘HARQ-ACK bundling window size’ can be implcitly derived by the range of RRC configured timing indication value between PDSCH and HARQ-ACK feedback slot, i.e. the K1 value. As one example, for a given slot for HARQ-ACK transmisison, UE configured with a set of K1 values can derive the ‘HARQ-ACK bundling window size’ accoridng to the largest K1 value and the smallest K1 value based on the configured set. In case of carrier aggregation with different PDCCH monitoring periodicities, the UE determines the ‘HARQ-ACK bundling window size’ on each of the configured CC according to its PDCCH monitoring periodicity. 
Proposal 3:

· In case of semi-static HARQ-ACK codebook in CA, the UE determines the HARQ-ACK codebook size by the following configurations 

· Number of configured DL CCs

· Number of MIMO TBs in each configrued DL CC 
· Number of configured CBGs in each configured DL CC

· The size of the ‘HARQ-ACK bundling window size’ in each DL CC

Proposal 4:

· The size of the ‘HARQ-ACK bundling window size’ is determined on each DL CC respectively according to the following configurations
· The maximum and minimum timing offset value between a PDSCH and associated HARQ-ACK feedback, i.e. K1, within the RRC configured set of values.

· The configured PDCCH monitoring periodicity
Due to the introduction of CBG based HARQ-ACK feedback, the number of HARQ-ACK bits in case of semi-static codebook size can be significantly larger than that of LTE operation with same number of aggregated DL CCs. A large codebook size may not be applicable for UEs with worse UL link quality, therefore gNB may need to reduce the semi-static HARQ-ACK codebook size by bundling operations in different dimensions. Both spatial domain and time-domain bundling can be considered while the frequency domain bundling across CC is not preferred. Before employing spatial domain or time domain bundling, the CBG operation may be reduced or disabled. 
Observation 1: 
· 
Followings can be configured by gNB in a per CC basis to reduce the semi-static HARQ-ACK codebook size

· Configure less number of CBGs, or disable CBG based HARQ-ACK

· Configure spatial HARQ-ACK bundling

· Configure time-domain HARQ-ACK bundling
Dynamic HARQ-ACK codebook determination

In case of dynamic HARQ-ACK codebook determination, the HARQ-ACK codebook size is determined by the actual number of scheduled PDSCHs associated with the same HARQ-ACK feedback instance. Specifically, the HARQ-ACK codebook size is determined based on the following information conveyed by DCI, where the DL CCs may be configured with same or different PDCCH monitoring periodicities. 
· Timing indication between each scheduled PDSCH and associated HARQ-ACK feedback, i.e. K1 value
· Counter DAI across the scheduled CCs and slots/mini-slots (frequency first counting)
· Total DAI across the scheduled CCs and slots/mini-slots until the current DCI time instance
Proposal 5:

·  The dynamic HARQ-ACK codebook size is determined based on the following information conveyed by DCI, where the DL CCs may have same or different PDCCH monitoring periodicities. 

· Timing indication between each scheduled PDSCH and associated HARQ-ACK feedback, i.e. K1 value

· Counter DAI across the scheduled CCs and slots/mini-slots (frequency first counting)

· Total DAI across the scheduled CCs and slots/mini-slots until the current DCI time instance

When CBG based HARQ-ACK is configured in one or more carriers, it would be preferable to determine the HARQ-ACK codebook size based on the actual number of CBGs per TB rather than the RRC configured number of CBGs per carrier. However, TB level counter DAI or Total DAI are not suffient for UE to determine actual number of CBGs for the lost PDSCH TB due to DL grant missing. Therefore, in case of DL grant missing, ambiguity will happen between gNB and UE in terms of actual number of HARQ-ACK bits. Additional solution is required to avoid such ambiguity, e.g. additional CBG level counters. Alternatively, HARQ-ACK codebook size may be determined based on the configured number of CBGs, i.e. no dynamic HARQ-ACK payload adaptation on CBG level. Considering the limited time for Rel-15, the latter would be speficied as a baseline while additional optmization is not precluded.

Proposal 6: 

·  For dynamic HARQ-ACK codebook determination, UE determines the HARQ-ACK codebook based on the RRC configured number of CBGs as a baseline. 
There could be an upper limit in terms of HARQ-ACK payload size for a given PUCCH format and target coding rate. In case the dynamically determined HARQ-ACK payload size exceeds the target one, HARQ-ACK bundling can be performed by the UE with specified behaviors. It is proposed to apply CBG level HARQ-ACK bundling first then spatial bundling as such bundling is expected to have smaller DL performance loss compared to the time-domain bundling. 
Proposal 7: 

· In case the dynamically determined HARQ-ACK codebook size exceeds the expected one, following bundling operations can be performed by the UE

· CBG level bundling

· Spatial bundling 
3. Conclusion

In this contribution, we present our view on the design of NR UL power control framework. Following proposals were made.
Proposal 1:
· UE can be configured to monitor group common PDCCH for SFI for a given Scell on either the same or a different serving cell. 

Proposal 2:

· Support cross carrier scheduling with same TTI length/PDCCH monitoring periodicity in Rel-15. 
Proposal 3:

· In case of semi-static HARQ-ACK codebook in CA, the UE determines the HARQ-ACK codebook size by the following configurations by RRC 

· Number of configured DL CCs

· Number of MIMO TBs in each configrued DL CC

· Number of configured CBGs in each configured DL CC

· The size of the ‘HARQ-ACK bundling window size’ in each DL CC

Proposal 4:

· The size of the ‘HARQ-ACK bundling window size’ is determined on each DL CC respectively according to the following configurations

· The maximum and minimum timing offset value between a PDSCH and associated HARQ-ACK feedback, i.e. K1, within the RRC configured set of values.

· The configured PDCCH monitoring periodicity
Observation 1: 
· 
Followings can be configured by gNB in a per CC basis to reduce the semi-static HARQ-ACK codebook size

· Configure less number of CBGs, or disable CBG based HARQ-ACK

· Configure spatial HARQ-ACK bundling

· Configure time-domain HARQ-ACK bundling
Proposal 5:

·  The dynamic HARQ-ACK codebook size is determined based on the following information conveyed by DCI, where the DL CCs may have same or different PDCCH monitoring periodicities. 

· Timing indication between each scheduled PDSCH and associated HARQ-ACK feedback, i.e. K1 value

· Counter DAI across the scheduled CCs and slots/mini-slots (frequency first counting)

· Total DAI across the scheduled CCs and slots/mini-slots until the current DCI time instance

Proposal 6: 

·  For dynamic HARQ-ACK codebook determination, UE determines the HARQ-ACK codebook based on the RRC configured number of CBGs as a baseline. 
Proposal 7: 

· In case the dynamically determined HARQ-ACK codebook size exceeds the expected one, following bundling operations can be performed by the UE

· CBG level bundling

· Spatial bundling 
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