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1.	Introduction
In RAN plenary #75, WID on new radio (NR) has been approved [1]. The NR work item targets to specify the NR functionalities for both enhanced mobile broadband (eMBB) as well as for ultra-reliable low-latency-communication (URLLC) as defined in TR38.913 [2]. Frequency ranges up to 52.6 GHz are considered under the NR work item
During NR SI, following agreements related to the timing of HARQ feedback and HARQ feedback content were made [3] - [6]:
Agreements:
· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)
· dynamically indicated by L1 signaling (e.g., DCI)
· semi-statically indicated to a UE via higher layer
· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)
· FFS: minimum interval between DL data reception and corresponding acknowledgement
· FFS: common channels (e.g. random access)
Agreements:
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.
Agreements:  
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing
Agreements:
· Confirm the working assumption as below.
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable
Following agreements related to the multiplexing of different numerologies on a same NR carrier were made during NR SI [7], [4]: 
Agreements:
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
Agreements:
· NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion. 
· Potential specification impact includes but is not limited to:
· FFS: CSI-RS measurement
· FFS: the time and frequency granularity of dynamic resource allocation
· FFS: if spectrum confinement (filtering, windowing,…) can be dynamically varied or not

Flexible HARQ-ACK timing facilities e.g. highly flexible UL/DL configuration but impacts also the determination of HARQ feedback transmitted on UL. HARQ feedback determination will be impacted also by different numerologies used on the DL carriers with HARQ feedback reported on the same UL carrier as well as by CBG-based (re-)transmission. Further, if dynamic resource allocation of different numerologies per UE turns out to be agreed by RAN1, it will also impact HARQ feedback determination. These impacts are addressed in this contribution. 
2.	Discussion 
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. That kind of approach turns out cumbersome when more flexible UL/DL configurations are supported and tabulation of all possible combinations becomes increasingly complex. This can be seen e.g. with LTE LAA, where HARQ feedback for LAA SCell is essentially determined as if LAA SCell were FDD SCell – just for the sake of simplicity. 
In NR, highly flexible UL/DL configuration efficiently adapting air interface to the variations on traffic is desired. Correspondingly, determination of HARQ feedback, including determination of HARQ-ACK codebook size as well as DL association set (i.e. set of DL slot for which HARQ-ACK is reported in a certain UL slot) should be flexible and not limited to a manageable subset of predetermined UL/DL configurations. 
One possible way is to determine HARQ-ACK codebook based on the number of configured HARQ processes and the number of configured or activated component carriers. This means that HARQ-ACK is transmitted for each TB (or CBG if CBG-based transmission is configured) on every HARQ process on every configured or activated component carrier every time UE reports any HARQ-ACK. As a UE may be configured with a considerable number of CBGs as well as component carriers, the resulting HARQ-ACK codebook can be large and significantly over-dimensioned for most of HARQ feedback transmissions.
On other hand, 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.
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.
The codebook size determination is semi-static in the cases where the timing relationship between DL data and corresponding HARQ-ACK is determined semi-statically. FDD deployment is a simple example of a such case. In the case that the timing between DL data and associated HARQ-ACK is indicated dynamically by L1 signaling, DL association set also needs to be determined dynamically. Also the determination of HARQ-ACK codebook size can also be dynamic, but for the cases where HARQ-ACK codebook remains relatively small, e.g., below 12 bits, semi-statically configured codebook size with dynamically determined DL association set can also be used. 
An example on the dynamic determination of DL association set and, possibly, codebook size is illustrated in Figure 1 for single carrier. The DL association set for a HARQ feedback to be transmitted on certain slot can be determined based on a few simple rules:
· DL association set starts from a slot where 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.
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Figure 1. Dynamic determination of DL association set based on the indicated HARQ-ACK timing offset.
Dynamic determination of HARQ-ACK codebook involves inevitable error cases. For example, missing DL grant for the first DL slot to be included in the HARQ-ACK codebook may lead, depending on the design, erroneous ordering of HARQ-ACK bits or erroneous HARQ-ACK codebook size. Obviously, appropriate mechanisms, such as counter DAI in LTE, to mitigate such error cases need to be employed with dynamic DL association set and HARQ-ACK codebook size determination. It can be noted that if the last slot of DL association set is determined based on the UE minimum (configured) processing time, there is no error case related to the missing the DL grant for the last DL slot to be included in the HARQ-ACK codebook.
[bookmark: _GoBack]The use of counter DAI to determine the first slot of DL association set is illustrated in Figure 2 for single carrier. In the figure, UE misses the DL grant on slot #3. However, UE can correctly determine the first slot of DL association set based on the counter DAI that it receives in slot #5. As the DL association set contains in the example all slots from the start of DL association set, the counter DAI is incremented per slot instead of being incremented per slot that is actually scheduled for the UE. As an alternative to the use of counter DAI, the first slot of DL association set can also be determined based on the combination of counter DAI and total DAI. 
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Figure 2. Dynamic determination of DL association set based on the indicated HARQ-ACK timing offset. 
Proposal #2: DL association set is dynamically determined in the case of dynamically indicated timing relationship between DL data reception and corresponding acknowledgement. Dynamic determination of HARQ-ACK codebook size is supported. 
Proposal #3: Appropriate mechanisms, such as counter DAI, to mitigate error cases related to the dynamic determination of DL association set and HARQ-ACK codebook size are supported.
In previous discussion, the DL association set and HARQ-ACK codebook size were determined per carrier. That approach can be used when UE has single DL carrier configured or active, or when UE is configured with equal number of DL and UL component carriers. 
However, the same approach can be applied also in the case when HARQ-ACK for multiple DL component carriers is transmitted via single UL carrier: HARQ feedback (including DL association set and codebook size) can be determined separately for each DL carrier. The resulting HARQ-ACK codebooks are then concatenated for joint encoding and transmission. In such approach, special attention needs to be 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 3, 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 set 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 results in transmission of large amount of unnecessary NACKs, so the use of semi-static HARQ codebook size may be limited to relatively small HARQ feedback sizes.
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Figure 3. Error in HARQ-ACK codebook size 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. 
Proposal #4: DL association set and HARQ-ACK codebook size are determined separately for each DL component carrier.
Currently it is unclear whether dynamic resource allocation of different numerologies per UE on same NR carrier will be supported or not. In the case that different numerologies can be dynamically allocated per UE on the same NR carrier, HARQ feedback design is further complicated as different numerologies are associated with e.g. different processing times. HARQ feedback for different numerologies may even occur in the same time unit. To avoid excessive complexity, HARQ feedback for different numerologies even on the same NR carrier can be determined separately. The HARQ feedbacks can be transmitted separately with the corresponding numerologies or can be combined into single transmission. Rather similar situation is faced also when both slots and mini-slots are scheduled on DL to the same UE. Similarly, slots and mini-slots on one CC can be treated separately for DL association set and HARQ-ACK codebook size determination to avoid excessive complexity and unnecessary HARQ-ACK overhead. The mini-slot HARQ-ACK codebook would be determined by the number of configured scheduling instances within DL association set.  
Observation #1: If dynamic resource allocation of different numerologies per UE on same NR carrier is supported, HARQ feedback may be determined separately for each numerology.
Proposal #5: DL association set and HARQ-ACK codebook size are determined separately for DL slots and mini-slots. 
3.	Conclusions
In this contribution, we have considered the impacts from flexible HARQ-ACK timing and from potential dynamic resource allocation of different numerologies per UE to HARQ feedback determination. Based on the discussion, we make the following observations and 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 is dynamically determined in the case of dynamically indicated timing relationship between DL data reception and corresponding acknowledgement. Dynamic determination of HARQ-ACK codebook size is supported. 
Proposal #3: Appropriate mechanisms, such as counter DAI, to mitigate error cases related to the dynamic determination of DL association set and HARQ-ACK codebook size are supported.
Proposal #4: DL association set and HARQ-ACK codebook size is determined separately for each DL component carrier.
Proposal #5: DL association set and HARQ-ACK codebook size are determined separately for DL slots and mini-slots. 
Observation #1: If dynamic resource allocation of different numerologies per UE on same NR carrier is supported, HARQ feedback may be determined separately for each numerology.
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