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1 Introduction

At the RAN1#87 meeting, the followings were agreed with regard to carrier aggregation [1]:

· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.
Further, the following agreements were made on CA and DC [1]:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported

· [4 - 32] should be assumed for further study of the maximum number of NR carriers

· RAN1 will try to decide the exact number in this week

· Cross-carrier scheduling and joint UCI feedback are supported

· Per-carrier TB mapping is supported

· FFS TB mapping across multiple carriers

At the RAN1#88 meeting, the following agreements were made regarding the maximum number of NR carriers for CA and DC [2]:
· From RAN1 specification perspective, the maximum number of NR carriers for CA and DC is 16

· Note that 32 is considered from RAN2 specification perspective

· The number of NR CCs in any aggregation is independently configured for downlink and uplink 

· NR channel designs should consider potential future extension of the above parameters in later releases, allowing Rel-15 UE to have access to NR network on the same frequency band in later releases

In this contribution, we present our view on HARQ design aspects for NR carrier aggregation (CA).  
2 Discussion on HARQ design aspects for NR CA
PUCCH on PCell and PUCCH SCell

For carrier aggregation (CA) in LTE Rel-10, up to 5 component carriers (CC) can be aggregated to support wider transmission bandwidth of 100MHz and higher peak data rate. Further, a UE can be configured with one PCell and multiple SCells, where PUCCH is only transmitted in PCell. This indicates that HARQ-ACK feedback in case of simultaneous DL transmissions on multiple CCs needs to be aggregated and conveyed on single uplink CC. 
In Rel-13 enhanced carrier aggregation (eCA), the number of CCs is extended to 32 for both DL and UL. Moreover, a UE can be configured to transmit the UCI on a PUCCH SCell in addition to the PCell with the motivation of reducing the control signaling overhead of the PCell. More specifically, CCs are grouped into a primary and secondary PUCCH group, where PUCCH on the PCell is used to carry UCI of PCell and SCells within the primary PUCCH group and PUCCH on PUCCH SCell is used to carry UCI of SCells of the secondary PUCCH group. 
For NR, it is envisioned that more spectrum including unlicensed and carrier frequency above 6GHz will become available. As agreed in the RAN1 #88 meeting [2], the maximum number of NR carriers for CA is 16 from RAN1 specification perspective. Taking into account the support of a massive number of CCs, it is more desirable to consider LTE Rel-13 eCA framework as a starting point for NR CA. Further, PUCCH carrying UCI for different serving cells can be transmitted on PCell and PUCCH SCell simultaneously when a same numerology is employed for PCell and PUCCH SCell. 
Given that different numerologies may be employed for multiple CCs for NR CA, e.g., aggregation of CCs in carrier frequency below 6GHz and above 6GHz, certain design criterion may need to be specified taking into account UE capability on whether to support simultaneous transmission of different numerologies. In case when UE does not support FDMed based multiplexing of multiple numerologies, UE may assume same numerology for the transmission of PUCCH on PCell and PUCCH SCell. Otherwise, some dropping rules may need to be defined to allow UE to transmit PUCCH on either PCell or PUCCH SCell. 

Proposal 1:

· LTE eCA framework can be considered as a starting point for NR CA.

· PUCCH carrying UCI for different serving cells can be transmitted on PCell and PUCCH SCell simultaneously when a same numerology is employed for PCell and PUCCH SCell.
· When UE does not support FDMed based multiplexing of multiple numerologies, UE may assume same numerology for the transmission of PUCCH on PCell and PUCCH SCell.
HARQ-ACK feedback timing
As agreed in the RAN1 NR-Adhoc meeting [3], timing between DL data reception and HARQ-ACK feedback on PUCCH is indicated by a field in the DCI from a set of values which is configured by higher layers. The same design principle can apply for NR CA at least when same numerology is employed for PCell and SCell(s) in the same PUCCH group. 
Considering the support of different numerologies for NR CA, cross-numerology HARQ-ACK feedback mechanism can be specified, where PDSCH transmission on SCell and HARQ-ACK feedback carried by PUCCH on PCell or PUCCH SCell may utilize distinct numerologies or slot duration. To enable cross-numerology HARQ-ACK feedback, timing between PDSCH transmission and HARQ-ACK feedback on PUCCH needs to be defined. 
Figure 1 illustrates two scenarios for potential HARQ-ACK feedback timing on PCell or PUCCH SCell for CCs with different numerologies. In particular, depending on whether SCell has larger or smaller subcarrier spacing than PCell or PUCCH SCell, additional timing indication may need to be signalled in the DCI scheduling the DL data transmission. For instance, for scenario a) in the figure, a two-step timing indication can be considered, where first and second step timing can be signalled or configured according to slot duration in SCell and in PCell or PUCCH SCell, respectively. 
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Figure 1. HARQ-ACK timing for CCs with different numerologies
Proposal 2:

· Timing between PDSCH transmission on SCell and HARQ-ACK feedback on PCell or PUCCH SCell needs to be carefully investigated taking into account different numerologies and slot durations.

HARQ-ACK codebook design
As agreed in the RAN1#87 meeting, joint UCI feedback is supported for NR CA [1]. In this case, HARQ-ACK feedback for DL data transmission on multiple CCs can be aggregated and carried by PUCCH on PCell or PUCCH SCell. In the design of HARQ-ACK codebook, one key consideration is to ensure gNB and UE’s alignment on the size of as well as the order of HARQ-ACK feedback bits from serving cells and slots. 

In LTE eCA, both semi-static and dynamic HARQ-ACK codebook determination rule were supported. For semi-static HARQ-ACK codebook, UE can determine the HARQ-ACK codebook size according to the number of configured CCs. To further reduce HARQ-ACK feedback bits associated with non-scheduled serving cells or subframes, dynamic HARQ-ACK codebook determination was defined, where 2-bit counter DAI (C-DAI) and total DAI (T-DAI) are included in the DCI scheduling DL data transmission. In particular, C-DAI is incremented in a frequency-first-time-second manner on scheduled CC while T-DAI indicates the number of serving cells up to the present subframe. 
For NR CA, same design principle can apply for joint HARQ-ACK feedback, i.e., both semi-static and dynamic HARQ-ACK codebook determination can be supported. Further, UE can be configured by higher layer signaling on whether semi-static or dynamic HARQ-ACK codebook determination is employed. 
Taking into account the support of dynamic TDD and carrier aggregation, HARQ-ACK feedback bits from multiple DL transmissions in different time, frequency or spatial domains can be multiplexed in one PUCCH. In case of carrier aggregation for multiple CCs with different numerologies, it is more appropriate to define HARQ aggregation window according to smallest subcarrier spacing within configured CCs, which can help to ensure alignment between CCs with different numerologies. In this regards, for semi-static HARQ-ACK codebook design, the total codebook size can be determined by the number of configured CCs, the HARQ-ACK aggregation window size, and subcarrier spacing or slot duration difference between configured CCs. 
Figure 2 illustrates an example of HARQ-ACK aggregation window in case of NR carrier aggregation with different numerologies. In the figure, HARQ-ACK aggregation window is defined according to 15KHz subcarrier spacing in CC#2.  
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Figure 2. An example of HARQ-ACK aggregation window
For dynamic HARQ-ACK codebook determination in NR CA, both C-DAI and T-DAI with similar functionality as defined in LTE eCA can be supported and signalled in the DCI. With mixed numerologies or slot durations among the scheduled CCs, additional enhancement needs to be considered for the indexing of C-DAI and T-DAI. In particular, T-DAI may indicate the number of scheduled CCs up to the present slot, where slot duration is based on smallest subcarrier spacing among CCs.  
Proposal 3:

· NR CA supports semi-static and dynamic HARQ-ACK codebook determination.

· UE can be configured by higher layer signaling on whether semi-static or dynamic HARQ-ACK codebook determination is employed. 

3 Conclusions

In this contribution, we shared our view on HARQ design aspects for NR CA. Based on the discussion, we summarize our views through the following proposals:
Proposal 1:

· LTE eCA framework can be considered as a starting point for NR CA.

· PUCCH carrying UCI for different serving cells can be transmitted on PCell and PUCCH SCell simultaneously when a same numerology is employed for PCell and PUCCH SCell.

· When UE does not support FDMed based multiplexing of multiple numerologies, UE may assume same numerology for the transmission of PUCCH on PCell and PUCCH SCell.

Proposal 2:

· Timing between PDSCH transmission on SCell and HARQ-ACK feedback on PCell or PUCCH SCell needs to be carefully investigated taking into account different numerologies and slot durations.

Proposal 3:

· NR CA supports semi-static and dynamic HARQ-ACK codebook determination.

· UE can be configured by higher layer signaling on whether semi-static or dynamic HARQ-ACK codebook determination is employed. 
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