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1 Introduction

In RAN1#86bis, the following items were identified with respect to the support of carrier aggregation in NR
Agreements:
· Study at least the following aspects for NR carrier aggregation / dual connectivity

· Intra-TRP and inter-TRP with ideal and non-ideal backhaul scenarios

· Number of carriers

· The need for certain channels, e.g. downlink control channel, uplink control channel or PBCH for some carriers

· Cross-carrier scheduling and joint UCI feedback, e.g. HARQ-ACK feedback

· TB mapping, i.e., per carrier or across carriers

· Carrier on/off switching mechanism

· Power control

· Different numerologies between different/same carrier(s) for a given UE
· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity
This contribution considers aspects related to UL power control and HARQ-ACK/UCI feedback for CA operation among NR carriers.
2 CA for NR 
Unlike LTE carriers, NR carriers may use different numerologies such as different sub-carrier spacing or different duration for a transmission slot, for example depending on the carrier frequency. One functionality affected by using different durations for transmission slots in different carriers is the UL power control and the PHR calculation where a transmission power for channels with the shorter duration can be affected by an already used transmission power for channels with the longer duration. 
Another functionality that can be potentially affected by using different transmission slot durations in different carriers is the HARQ-ACK transmission. When a UE has UL CA capability, the UE can be configured with a number of cell groups (CGs) for UCI transmission where each CG can include carriers with same DL transmission slot duration. HARQ-ACK transmission is then simplified as the different transmission slot durations are not material. When a UE does not have (sufficient) UL CA capability or is not configured with the required number of CGs for UCI transmission, HARQ-ACK codebook determination needs to account for the different DL transmission slot durations.
2.1 Power Control for CA of NR Carriers
To further analyze UL power control aspects, consider that a first slot 
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 and a second slot 
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 have a same starting point, the first slot duration is twice the second slot duration, all UL transmissions convey data in respective PUSCHs without any PRACH/PUCCH/SRS transmissions, a UE is configured with 
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 cells with the first slot duration and with 
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 NR cells with the second slot duration, and a PUSCH transmission power determined according to a power control process on cell 
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; otherwise, the UE can scale each PUSCH transmission power so that 
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 unless different priorities are assigned to PUSCH transmissions with different slot durations. For PUSCH transmissions on the 
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 cells in a second slot 
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, each PUSCH transmission power 
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 on a cell 
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 is determined according to a corresponding power control process when 
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 or by scaling each such PUSCH transmission power by a factor 
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The above assumes that the PUSCH transmission power on a cell with the longer slot duration remains constant throughout the slot. However, this can be problematic when the power needs to be scaled down in the first slot 
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 but not in the second slot 
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 and particularly when there are UCI/PRACH transmissions in the second slot 
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 that cannot be allocated sufficient power due to the existing power allocation in slot 
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. A solution similar to dual connectivity in LTE can be considered to guarantee a minimum transmission power for each cell group that includes cells with same slot duration (except for PRACH) but this is inefficient for CA as the scheduling decisions are not independent.   

Proposal 1: Define an UL power control process for CA operation among NR cells using different slot durations that enable full power utilization and consider power allocation to information types according to their priorities. 

In LTE CA, PHRs for all activated serving cells are reported by extended PHR. The PH value is based either on an actual transmission (actual PHR) or on a reference format (virtual PHR) when there is no actual transmission. As the minimum latency between UL grant and PUSCH transmission is the same for all carriers, a UE knows whether or not any transmission is scheduled for the PHR reporting subframe when the UE calculates PHR for all cells. As the subframe length is the same for all carriers, the PHR reporting subframe on all carriers is aligned. 
In NR CA, due to potentially different slot durations on different cells, the PHR reporting slot on a first cell where the PUSCH that includes the PHR is transmitted can correspond to several shorter slots on other cells and the shorter slot that is the reference slot for PHR reporting needs to be defined. Also, the latency between UL grant and PUSCH transmission may be different on different cells due to different vertical services or due to different slot structures. For example, the latency between UL grant and PUSCH for ULLRC on one cell can be shorter than that for eMBB on another cell especially when UL-grant free transmission is used for ULLRC. In addition, due to dynamic configuration of the slot structure, different slot structures can be used on different cells. For example, for a full UL slot on a first cell and a “self-contained” slot with a DL-GP-UL structure on a second cell, PHR calculation is FFS. The same applies when a UE has simultaneous PUSCH and PUCCH transmissions where the duration of the PUCCH transmission is different (e.g. smaller) than the duration of the PUSCH transmission.

Proposal 2: Define PHR calculation for CA operation among NR cells using different slot durations and different slot structures. 
2.2 HARQ-ACK Codebook for CA of NR Carriers
HARQ-ACK codebook determination in LTE can be dynamic (e.g. based on DAI) or semi-static (e.g. based on number of configured cells) and the UL slot for HARQ-ACK transmission by a UE has a fixed relation relative to DL slot(s) of corresponding PDSCH receptions by the UE. In NR, both dynamic and semi-static HARQ-ACK codebook determination can be considered, not necessarily in the same manner as in LTE, and HARQ-ACK transmission timing can be dynamic as indicated by DCI formats scheduling the corresponding PDSCH transmissions.

If HARQ-ACK transmission is on PUCCH of a cell using a first DL slot duration, HARQ-ACK timing for HARQ-ACK transmission in response to PDSCH reception on a cell using a second DL slot duration can be with respect to the first DL slot duration. 
Similar to HARQ-ACK timing, for HARQ-ACK codebook determination and regardless of FDD or TDD operation, when the first DL slot duration is P times longer than the second DL slot duration, the first slot duration corresponds to a bundling window with size of P slots for cells using the second slot duration and operation can resemble the one in LTE for FDD-TDD CA or TDD CA with different UL-DL configurations.  
Proposal 3: Consider determination for HARQ-ACK codebook, PUCCH resource, and transmission timing for CA operation among NR cells with same or different DL slot durations.

3 Conclusions

This contribution considered aspects for CA operation among NR cells with different DL/UL slot durations. In particular, the following are proposed. 
Proposal 1: Define an UL power control process for CA operation among NR cells using different slot durations that enable full power utilization and consider power allocation to information types according to their priorities. 

Proposal 2: Define PHR calculation for CA operation among NR cells using different slot durations and different slot structures. 
Proposal 3: Consider determination for HARQ-ACK codebook, PUCCH resource, and transmission timing for CA operation among NR cells with same or different DL slot durations.
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