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1.	Introduction
In RAN plenary #75, WID on NR has been approved in [1]. In RAN1#89, companies agreed the support of joint UCI also across different numerologies:
Agreements:
· Support cross-carrier scheduling for aggregated carriers with the same and different numerology. 
· FFS: the timing relationship between DCI and the corresponding PDSCH/PUSCH
· FFS: impact on the maximum number of HARQ processes
· FFS: potential restrictions (e.g., on combination of different numerology)
· Support joint UCI feedback for aggregated carriers with the same or different numerology. 
· FFS: the timing relationship between PDSCH and the corresponding HARQ-ACK 
· FFS: impact on maximum number of HARQ process 
· FFS: potential restrictions (e.g., on combination of different numerology)
· Support SRS fast switching among N uplink carriers
· The number of M uplink carriers supported by the UE for simultaneous transmission can be smaller than N
· Note: M can be 1 or larger depending on UE capability
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
· Support one PUCCH in one cell group for NR DC/CA
· FFS: The carrier for PUCCH transmission can be configured within one cell group
· FFS: potential restrictions (e.g., on combination of different numerology, on combination of different frequency bands)
The aspect of different numerologies complicates the design of joint UCI. Therefore, we will consider the design for joint cross-numerology UCI in this contribution.
2.	Discussion 
When operating in CA or DuCo with rather different slot lengths and radio environment each carrier preferably should support own PUCCH and UCI content with signaling options similar as in single carrier operation. In other words, UCI is transmitted separately for each DL carrier. This should be regarded as baseline operation as no re-design of control channel is required and both CA and DuCo would use the same PUCCH and UCI design as in single CC operation. 
However, there are situations where joint UCI for several DL carriers is unavoidable. The support for single CC PUCCH and UCI is beneficial in following scenarios:
· To improved UL coverage when neither UL CA or DuCo is used and UE is transmitting on single carrier only or when UCI is transmitted via UL carrier on lower frequency.
· In licensed assisted access, the UCI may be transmitted via licensed spectrum only and no uplink transmission in unlicensed band would be needed. 
In the following, we focus on the joint UCI and especially on joint HARQ feedback for multiple DL carriers. In LTE, the timing relationship between DL data reception and corresponding acknowledgement is predetermined in the specification. In LTE TDD, the HARQ ACK timing as well as the DL subframes for which HARQ ACK is reported in a certain UL subframe (aka DL association set) is determined based on the subframe number and used UL/DL configuration. 
When operating CA with a single CC for UCI and multiple DL CCs are of different numerologies, DL slots can have different durations. Further, mini-slots may be used on some of the DL CCs. In other words, PDSCH TTIs for which HARQ ACKs are reported are not time aligned across DL CCs. Instead, there can be multiple PDSCH TTIs on one DL CC while there is only one PDSCH slot on another DL CC. This requires flexible HARQ feedback timing and DL association set determination.  
Flexible HARQ feedback timing and DL association set determination is required even for single NR carrier as highly flexible UL/DL configuration efficiently adapting air interface to the variations on traffic is desired. For the single carrier, the determination of HARQ feedback can be based on a simple set of rules using few parameters such as the indicated timing between DL data and associated HARQ ACK as well as the minimum processing time between the DL data reception and transmission of associated HARQ ACK as inputs to the determination as discussed in [2].
Of course, the determination of HARQ feedback timing and DL association set can be semi-static in the cases where the timing relationship between DL data and corresponding HARQ ACK is determined semi-statically for all involved DL CCs and all DL CCs are of the same numerology. In the case that the timing between DL data and associated HARQ ACK is indicated dynamically by L1 signaling, DL association set also need to be determined dynamically. Further, HARQ feedback timing and DL association set can be determined semi-statically for some of the DL CCs within the PUCCH cell group while HARQ feedback and DL association set can be dynamically determined for some other DL CCs within the same PUCCH cell group. An example of such case is when FDD DL CC(s) with semi-static timing and TDD DL CC(s) with dynamic HARQ feedback indication are reported on the same PUCCH.
Finally, the HARQ ACK codebook size can be either semi-statically configured or dynamically determined based on the DL association set. Dynamic determination of HARQ ACK codebook size is attractive option especially when the size of the reported HARQ feedback can be temporally large but is typically significantly smaller.
An example on the dynamic determination of DL association set for single NR carrier is illustrated in Figure 1. The DL association set for a HARQ feedback to be transmitted on certain slot can be determined based on couple of simple rules:
· DL association set starts from a slot where a PDSCH is associated to UCI transmission in the certain slot for the first time. In the Figure 1, this is the slot #3 for the UCI transmitted in slot #7.
· The last slot of the DL association set is determined by the UE minimum (configured) processing time so that UE can prepare HARQ ACK in time. In Figure 1, this is the slot #5 for the UCI transmitted in slot #7.
· HARQ ACK is transmitted for all slots within the DL association set.
Dynamic determination of DL association set involves inevitable error cases. For example, missing DL grant for the first DL slot in the DL association set can lead to erroneous ordering of HARQ ACK bits. Appropriate mechanisms, such as counter DAI in LTE, to mitigate such error cases need to be employed with dynamic DL association set determination as discussed in [2]. 
Proposal 1: Determination of DL association set and codebook size for HARQ feedback is flexible and based on the indicated timing relationship between DL data reception and corresponding acknowledgement.
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Figure 1. Dynamic determination of DL association set based on the indicated HARQ-ACK timing offset.
In previous paragraphs, we focused on the DL association set determination per carrier. However, the same approach can be applied also for joint HARQ feedback for multiple DL CCs: HARQ feedback is determined separately for each DL carrier and the resulting HARQ ACK codebooks are then concatenated for joint encoding and transmission. 
In such approach, special attention needs to paid to the error case that can occur when UE is scheduled with only one PDSCH on one of the DL component carriers. If UE misses that DL grant, it will determine wrongly the HARQ ACK locations in the HARQ ACK codebook. This is illustrated in Figure 2, where UE misses DL grant on DL CC #2 for slot #2. The error can lead to failure in HARQ feedback detection or even to NACK-to-ACK error. This error case can be simply solved e.g. by: 
· A minimum HARQ ACK codebook size is defined for all DL component carriers, including also configured/active DL component carriers that were not scheduled. Although this approach leads to unnecessary transmission of NACKs when a DL component carrier is not scheduled, the drawback can be expected to be minimal: the PUCCH resource is dimensioned in the configuration to successfully carry even larger HARQ feedback sizes.
· Another alternative is to apply the largest determined codebook size for all DL component carriers. This results in even larger amount of unnecessary NACKs transmitted.
· Use of semi-static HARQ codebook size. This can result in transmission of large amount of unnecessary NACKs, so the use of semi-static HARQ codebook size may be limited to relatively small HARQ codebook sizes.
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Figure 2. Error in HARQ ACK codebook determination caused by missed DL grant.
Alternatively, to the HARQ ACK codebook determination separately for each DL component carrier, the codebook may be determined jointly over the component carriers with the help of counter DAI and total DAI operating in frequency-first–time-second manner as discussed in LTE Rel-13. However, that solution becomes overly complex when the used PDSCH TTIs have different durations on the different DL CCs: there can be multiple PDSCH TTIs one DL CC while there is only one PDSCH slot on another DL CC. In such case – and especially in the case of DL mini-slots without a fixed structure – determination of joint DAI operation over the carriers becomes complex. Additionally, the approach will increase the dependencies between component carriers so that gNB can determine right DAI values for each DL CC based on the scheduling decisions on all other component carriers. Hence, we propose that DL association set and HARQ ACK codebook size are determined separately for each DL CC. Slots and mini-slots on one CC can be treated as separate virtual carriers for DL association set and HARQ ACK codebook size determination. The mini-slot HARQ ACK codebook would be determined by the number of configured scheduling instances within DL association set. 
Proposal 2: DL association set and HARQ ACK codebook size are determined separately for each DL component carrier.
3.	Conclusion 
[bookmark: _GoBack]In this contribution, we discussed the joint UCI design for NR carrier-aggregation with the following proposals:
Proposal 1: Determination of DL association set and codebook size for HARQ feedback is flexible and based on the indicated timing relationship between DL data reception and corresponding acknowledgement.
Proposal 2: DL association set and HARQ ACK codebook size are determined separately for each DL component carrier.
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