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1 Introduction

The following were agreed during email discussions after RAN1 NR Ad-Hoc#2 for CA operation in NR.
Agreements:
•      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 a 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 numerologies 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
•      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.

FFS
•       NR supports at least the configuration of one carrier transmitting the PUCCH within the cell group

–     FFS The carrier transmitting the PUCCH is always PCC and/or carrier(s) transmitting the PUCCH can be SCC in a cell group containing PCC

–     FFS The possibility of the configuration of multiple carriers transmitting the PUCCH in a cell group
–     This does not preclude on PUCCH fast carrier switching

This contribution considers remaining aspects related to scheduling and HARQ for CA in NR.
2 Scheduling
Remaining aspects for scheduling operation and corresponding considerations are as follows:

Number of CIF bits: The number of cross-scheduled cells can range from one to a maximum of fifteen. The range of CIF bits is from 1 to 4 (with mapping to carriers that is configured by higher layers). Also, the number of cross-scheduled carriers can be different between the DL and the UL (e.g. UL CA capability can be much smaller than DL CA capability). Unlike LTE, NR will rely on the configurability of the existence and size for many DCI fields in order to avoid DCI format sizes (that will be larger than the ones in LTE) from becoming too large to ever be accommodated with the smaller CCE aggregation levels. Even though the size of each individual DCI format field is unlikely on its own to have a meaningful impact on the DCI format size, the size of each DCI format field should be dimensioned as needed in order to cumulatively have a material reduction in the DCI format size. 
Proposal 1: The number of CIF bits is configurable from 0 to 4. The configuration is per DCI format.
PDCCH and PDSCH numerologies for self-scheduling: Using different numerologies between a PDCCH and a scheduled PDSCH with cross-carrier scheduling was agreed and has identifiable use cases, such as scheduling on a mmWave cell from a sub-6 GHz cell, while use cases for having different numerologies between a PDCCH and a scheduled PDSCH with self-carrier scheduling are unclear. From a specification and implementation perspectives, having different PDCCH and PDSCH numerologies for self-carrier scheduling will require modifications to the slot structure and can create interference between PDCCH and PDSCH transmissions in case of FDM. It is noted that a retuning time for PDCCH receptions from a smaller BW to PDSCH receptions in a larger BW of a same carrier can be larger than the reduction in PDCCH symbol duration using higher SCS and such retuning is expected to be infrequently needed and be accommodated by an adjustment to the PDSCH start symbol. 
Observation 1: Use of different PDCCH and PDSCH numerologies for self-carrier scheduling requires modifications to the slot structure without having an identifiable necessity. 
TB Mapping: One TB can be mapped on a single carrier or across multiple carriers. The former approach is used in LTE and enables better link adaptation and load balancing more efficient HARQ-ACK feedback (which is effect is similar to the CBG-based HARQ-ACK feedback as a large TB that could be mapped over multiple carriers and have a single HARQ-ACK information bit is instead split into smaller TBs each having its individual HARQ-ACK information bit). Therefore, per-carrier TB mapping is more appropriate.

Proposal 2: A TB is mapped on a single carrier.

PDCCH Search Space: For cross-carrier scheduling, the same search space design as for single-cell operation can apply. For cross-carrier scheduling, the principles from LTE cross-carrier scheduling using the cell index as a differentiator of search spaces corresponding to different cells, and particularly the ones for EPDCCH, can be baseline and can be considered in adjustments of the search space design that will be defined for single-cell operation.
Observation 2: Search space adjustments for cross-carrier scheduling can be based on the LTE ones using the cell index. 
3 HARQ-ACK 
HARQ-ACK Codebook: LTE supports dynamic HARQ-ACK codebook determination based on DAI or semi-static (e.g. based on number of configured cells or the size of the bundling window in TDD). The timing for HARQ-ACK transmission by a UE has a fixed relation relative to the timing of corresponding PDSCH receptions by the UE. In NR, a TDD-like operation is introduced due to configurable HARQ-ACK timing where it is possible for an HARQ-ACK codeword to include HARQ-ACK information for multiple PDSCH transmissions on a same cell. Another functionality of NR is that, unlike LTE, a scheduling duration can be arbitrary. Considering that a HARQ-ACK codebook will need to support multiple PDSCH transmissions with variable durations (with minimum granularity of one OFDM symbol) per cell, multiple CBGs, and multiple cells, a fixed HARQ-ACK codebook size is inappropriate. Polar codes (much like TBCC) are not practically capable of exploiting a-priori information in a HARQ-ACK codeword. Therefore, a semi-static HARQ-ACK codebook can lead to excessive overhead in PUCCH/PUSCH, worse coverage than in LTE, and dynamic HARQ-ACK codebook determination should be prioritized. A dynamic HARQ-ACK codebook determination can be based on the LTE eCA operation using DAI and CBG-based HARQ-ACK needs to also be considered [1]. 
Proposal 3: NR supports dynamic HARQ-ACK codebook determination.

At least for UEs without UL CA capability, or for a limited number of PUCCH groups, or for operation in unlicensed spectrum, a HARQ-ACK codebook needs to include HARQ-ACK for cells using different durations for PDSCH receptions. The numerology of each cell is not relevant as even cells using same numerology can schedule PDSCH receptions with different durations.   
Proposal 4: An HARQ-ACK codebook can include HARQ-ACK information for PDSCH receptions with different durations.

PUCCH groups: Use of multiple PUCCH groups in LTE was primarily motivated for PUCCH load reduction on the PCell. Even though a PCell is UE-specifically configured, thereby allowing PUCCH load reduction by assigning different PCells among UEs, in practice the PCell is often a macro-cell used for mobility support while SCells can be small cells with very small loading, particularly on the UL, at a given subframe. These operational characteristics obviously also exist in NR. An additional reason motivating existence of PUCCH groups in NR is the support of traffic types with different latency requirements where it is preferable to avoid multiplexing HARQ-ACK feedback for latency sensitive service with HARQ-ACK feedback for latency non-sensitive service in a same codebook. Therefore, support for PUCCH cell groups is beneficial. Given the use cases, two PUCCH cell groups is sufficient at least for Phase 1.

Proposal 5: NR supports two PUCCH cell groups.

4 Conclusions

This contribution considered remaining aspects for CA operation. In particular, the following are proposed. 
Proposal 1: The number of CIF bits is configurable from 0 to 4. The configuration is per DCI format.
Proposal 2: A TB is mapped on a single carrier.

Proposal 3: NR supports dynamic HARQ-ACK codebook determination.

Proposal 4: An HARQ-ACK codebook can include HARQ-ACK information for PDSCH receptions with different durations.

Proposal 5: NR supports two PUCCH cell groups.
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