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1 Introduction

This contribution considers remaining aspects to complete NR Phase 1 specifications for CA operation, including:

a) Presence of DAI in fallback DCI formats
b) Support for mixed numerologies in same PUCCH group

c) UE behavior when UE cannot achieve code rate below the configured code rate for UCI transmission in PUCCH
Another important aspect it the definition of the DL association set for a semi-static HARQ-ACK codebook determination. This aspect in treated in [1].
2 Remaining CA/DC Aspects
Some of the remaining aspects for CA operation are:

Presence of DAI in fallback DCI formats 

In LTE, counter DAI and UL DAI exist in a DCI format regardless of whether the DCI format is ‘fallback’ or ‘non-fallback’. The total DAI is not included in the ‘fallback’ DCI format (partly because it was introduced in Rel-13 and it was not then possible to modify the ‘fallback’ DCI format).

A cost-benefit analysis for the DAIs in NR can be as follows. A 2-bit DAI represents ~2% overhead in a DCI format (it is ~1% for the 1-bit UL DAI and semi-static HARQ-ACK codebook, ~4% for the UL DAIs in CA with a mixture of CBG-based and TB-based HARQ-ACK, and ~3% for a 2-bit DAI in a fallback DCI format - the exact percentage is generally small and largely immaterial to the conclusions). A UE can fail to detect a DCI format with probability of ~1%. When that DCI format is the last DCI format for the corresponding DL association set and there is no total DAI (for HARQ-ACK transmission in the PUCCH) or UL DAI (for HARQ-ACK transmission in the PUSCH and, primarily, for single cell operation), the (dynamic) HARQ-ACK codebook is incorrect. Then, unless the gNB performs multiple decoding operations for the various hypotheses for the HARQ-ACK codebook size (i.e. check if the UE failed to detect a few last DCI formats), the cost will be that all DCI formats, the associated PDSCHs, and the PUCCH with the HARQ-ACK codebook will need to be retransmitted (there is some additional cost in latency and there may be some additional cost in data buffer corruption if HARQ-ACK transmission is in a PUSCH). Just from the retransmission of the DCI formats, the net overhead for a DAI in a DCI format is reduced to 1% and becomes a gain in both DL and UL spectral efficiency when the retransmissions for the PDSCHs and the PUCCH are considered. Therefore, from a DL/UL spectral efficiency perspective, but also for robustness/latency, each DCI format should include DAI information so that the probability of incorrect HARQ-ACK codebook size determination at the UE is minimized.
One additional aspect is the configurability for ‘semi-static’ or ‘dynamic’ HARQ-ACK codebook determination. As a ‘semi-static’ HARQ-ACK codebook does not require counter DAI or total DAI and only requires 1 bit UL DAI and as the fallback DCI size should be the same regardless of the configured method for the determination of the HARQ-ACK codebook, a direct conclusion is to not have any DAI field in the fallback DCI formats (there is a working assumption to not have UL DAI). Nevertheless, the following aspects need to be considered for each of the DAIs.

a) Counter DAI: Existence of the counter DAI in the fallback DCI format improves the robustness for the counter DAI functionality (in terms of the number of DCI formats the UE can afford to not detect) and, unlike the total DAI, the counter DAI is applicable to both single-cell operation and DL CA operation. Use of a dynamic HARQ-ACK codebook is an important use-case for single-cell operation and use of a fallback DCI format is also likely to be an important use-case not only when coverage deteriorates or there is a reconfiguration but also for increasing PDCCH capacity when necessary. It is therefore preferred to include counter DAI in the fallback DCI format. 

b) Total DAI: As the total DAI is needed only for DL CA operation and dynamic HARQ-ACK codebook determination, and as it is unlikely that the fallback DCI format will be used to schedule PDSCH transmissions on all cells in the last PDCCH monitoring period of a DL association set, the total DAI can be omitted from the fallback DCI format.
c) UL DAI: The UL DAI size can be 1 bit (semi-static HARQ-ACK codebook) or 2 bits (dynamic HARQ-ACK codebook). It can also be 4 bits for DL CA with dynamic HARQ-ACK codebook and mixture of TB-based and CBG-based HARQ-ACK feedback but then the total DAI suffices (similar to LTE). As a UL DAI is primarily needed for single-cell operation and as the fallback DCI format is often likely to be the DCI format scheduling the PUSCH transmission where HARQ-ACK is multiplexed (e.g. no UL CA), the UL DAI field should exist in the fallback UL DCI format. Considering that a 1-bit DAI is not useful for dynamic HARQ-ACK codebook, the size of the UL DAI field should be 2 bits. 
Proposal 1: The fallback DCI format for PDSCH scheduling includes a 2-bit counter DAI field and does not include a total DAI field. The fallback DCI format for PUSCH scheduling includes a 2-bit (total) DAI field.  

Mixed numerologies in same PUCCH group 

The specifications support same/cross-carrier scheduling and HARQ-ACK codebook determination for different PDCCH monitoring periodicities [2]. This is agnostic to numerology and captures using same or different numerologies in different cells. For example, for 2 cells using same numerology, having a PDCCH monitoring periodicity of 1 slot on a first cell and 2 slots on a second cell is equivalent to having 2 cells where the first cell has twice the SCS of the second cell and the PDCCH monitoring periodicity is 1 slot on both cells. Current specifications for the HARQ-ACK codebook determination and for cross-carrier scheduling are sufficient to support existence of cells using different numerologies in a same PUCCH group.
Some remaining aspects/clarifications that relate to cross-carrier scheduling and timing aspects include:

a) Cross-carrier scheduling from a scheduling cell that uses higher SCS than a scheduled cell and from a slot other than the first overlapping slot (of the scheduling cell).

This is equivalent to supporting ‘non-slot’-based scheduling – i.e. configuration to a UE to monitor PDCCH in symbols of a slot after the first 2-3 symbols of each slot or with DMRS location that is different than the one indicated by the MIB. 

Observation 1: If a UE supports ‘non-slot based’ scheduling, the UE can be scheduled PDSCH from a scheduling cell using higher SCS than the scheduled cell and from a slot other than the first overlapping slot of the scheduling cell. If a UE does not support ‘non-slot based’ scheduling, the UE cannot be scheduled PDSCH from a scheduling cell using higher SCS than the scheduled cell and from a slot other than the first overlapping slot of the scheduling cell.

b) Cross-carrier scheduling from a scheduling cell using lower SCS than a scheduled cell in a slot other than the first overlapping slot of the scheduled cell.

This is equivalent to supporting ‘cross-slot’-based scheduling and again no additional specification support is needed (timing is defined based on the scheduled cell).
Observation 2: A UE can be scheduled PDSCH from a scheduling cell using lower SCS than the scheduled cell in a slot other than the first overlapping slot in the scheduled cell using cross-slot scheduling. 

c) Timing for PDSCH and PUSCH on cross-scheduled cell. 
It has already been agreed that the PDSCH and PUSCH timing follow the numerology of the scheduled cell. Similar, for HARQ-ACK transmission on PUCCH, the timing follows the numerology of the cell with the PUCCH transmission.

If the SCS on the scheduled cell is more than 2x the SCS on the scheduling cell, it is not possible for the DMRS on the scheduled cell to be located in the third or fourth slot symbol and the same holds when the SCS of the scheduled cell is 2x the SCS of the scheduling cell and the CORESET duration on the scheduling cell is more than one slot symbol. In such cases, ‘slot-based’ PDSCH scheduling can be supported only by cross-slot PDSCH scheduling and k0=0 is not possible.

If the SCS on the scheduling cell is higher than the SCS on the scheduled cell, it is possible that there is a fractional symbol duration between the last PDCCH symbol on the scheduling cell and the first PDSCH symbol on the scheduled cell when k0=0. At least for Rel-15, this fractional symbol should not be used. 
Observation 3: There is no need for additional specifications related to timing of PDSCH/PUSCH transmissions in case of cross-carrier scheduling between cells using different numerologies. 
Observation 4: When a UE is scheduled PDSCH from a cell using lower SCS on a cell using higher SCS, k0=0 with ‘slot-based’ scheduling is supported only when the SCS of the scheduled cell is 2x the SCS of the scheduling cell and the respective CORESET duration is one symbol.

Observation 5: A unused fractional symbol can exist between a last PDCCH symbol and a first PDSCH symbol when a scheduling cell uses higher SCS than a scheduled cell. 
UE behavior for UCI on PUCCH when not possible to achieve configured code rate 

It is possible that available PUCCH resources are not sufficient to provide a UCI code rate below the configured code rate (e.g. maximum number of PRBs in configured PUCCH resource set for HARQ-ACK transmission is not large enough). 
A first approach is for the UE to transmit UCI in a PUCCH using PUCCH resources that result to the smallest UCI code rate even when this code rate is larger than the configured code rate. The problem of this solution is obviously that there can be a material degradation in UCI reception reliability (e.g. UCI code rate is 0.7 or more when configured code rate is 0.4). 
A second approach, that is complementary and does not bypass the first approach, is for the UE to apply HARQ-ACK bundling (if not already configured by higher layers to do so). Such bundling may reduce the code rate to lower values than the value of the code rate without HARQ-ACK bundling. It can be beneficial for PUCCH resource planning, controlling PUCCH resource overhead, avoid HARQ-ACK bundling when it is not needed (e.g. HARQ-ACK bits are few and/or PUCCH resources are large) and allowing better coverage without repetitions. However, it is not an essential feature of the current specification phase and is not required to complete/correct the specifications. 
Proposal 2: If a UE does not have a PUCCH resource that results to UCI code rate that is smaller than a configured code rate, the UE selects the PUCCH resource that results to the smallest UCI code rate.  
3 Conclusions

This contribution considered remaining aspects for CA operation in NR. In particular, the following are proposed. 
Proposal 1: The fallback DCI format for PDSCH scheduling includes a 2-bit counter DAI field and does not include a total DAI field. The fallback DCI format for PUSCH scheduling includes a 2-bit (total) DAI field.  

Proposal 2: If a UE does not have a PUCCH resource that results to UCI code rate that is smaller than a configured code rate, the UE selects the PUCCH resource that results to the smallest UCI code rate.  
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