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1 Introduction

At the RAN1 #86 meeting, the following agreements were made regarding HARQ ACK/NACK feedback [1]: 

· The following is supported for NR
· From UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported

· Some or all of the following timing relationships can be indicated to a UE dynamically by the L1 DL signaling (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)

· Note: Other means of indicating the timing relationship are not precluded
·  Some or all of the following timing relationships can be indicated to a UE semi-statically (FFS: explicit or implicit)
· Timing relationship between DL data reception and corresponding acknowledgement

· Timing relationship between UL assignment and corresponding UL data transmission

· Note: Default value, if any, for each timing relationship is FFS (agreement from RAN1 #85)

· Note: Potential values for each timing relationship has to be studied further considering e.g., UE processing capability, gap overhead, UL coverage, and etc. (agreement from RAN1 #85)

· Note: Other means of indicating the timing relationship are not precluded
In addition, the following agreements were made with respect to CSI reporting [1]  
· Support at least one of the following schemes for CSI reporting
· Scheme 1: periodic CSI reporting analogous to LTE

· Scheme 2: semi-persistent CSI reporting (e.g. activate/release mechanism analogous to LTE SPS)

· Scheme 3: aperiodic CSI reporting 

· FFS: Possible signaling support   
· Strive to design NR periodic, semi-persistent, and/or aperiodic CSI reporting, considering at least following aspects
· UL coverage

· Required RS

· Reporting information type

· Forward compatibility

· Energy efficiency

· RS and CSI reporting overhead
· Study whether to avoid specifying dependency between CSI reports in different reporting instances
· Such dependencies, if any, can be different for periodic, semi-persistent, and/or aperiodic CSI reporting
In this contribution, we present our view on resource allocation for NR uplink control channel with primary focus on resource allocation for HARQ ACK/NACK feedback and CSI report.  
2 Discussion on resource partition for uplink control channel
As described in our companion contribution [2], NR PUCCH can span one symbol within one slot to improve system level spectrum efficiency. In this case, for NR PUCCH transmission within UL region, system bandwidth can be equally divided into multiple physical resource block groups (RBG), where one NR PUCCH may occupy one or more RBGs depending on particular NR PUCCH format and corresponding payload size. 
For licensed spectrum, given the fact that distributed transmission for NR PUCCH would introduce inter-modulation distortion (IMD), it would be more appropriate to consider localized transmission, i.e., contiguous resource can be allocated for NR PUCCH transmission. In this regard, NR should support localized transmission for NR PUCCH as a starting point. On the other hand, for unlicensed spectrum, according to the regulatory requirement for minimum bandwidth occupancy, i.e., the nominal channel bandwidth shall be at least 5MHz and the occupied channel bandwidth shall be between 80% and 100% of the nominal channel bandwidth, distributed transmission may be needed for NR PUCCH. 
Proposal 1
· Localized transmission for NR PUCCH is preferred for licensed spectrum.
· For unlicensed spectrum, distributed transmission for NR PUCCH may be needed to fulfill regulatory requirement for minimum bandwidth occupancy. 
As illustrated in Figure 1, when NR PUCCH spans one symbol within one slot, NR PUCCH resource for multiple UEs can be multiplexed in a FDM or CDM fashion or a combination of these two options. Note that allowing CDM based multiplexing for NR PUCCH transmission for multiple UEs would increase capacity for uplink control channel, especially considering the case when relatively small amount of payloads is carried by NR PUCCH. 
For localized transmission, when NR PUCCH carries relatively small payload, e.g., 1 or 2 bit HARQ ACK/NACK feedback, NR PUCCH may occupy one RBG, while in case when NR PUCCH carries relatively large payload, e.g., joint CSI report and blocked HARQ ACK/NACK feedback, multiple RBGs may be allocated for NR PUCCH transmission. 

As discussed in our companion contribution [2], multiple symbols can be allocated for NR PUCCH to improve link budget and uplink coverage. In this case, NR PUCCH resource for multiple UEs can be multiplexed in a TDM, FDM or CDM manner or a combination of any option aforementioned. 
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Figure 1. Multiplexing of NR PUCCH for multiple UEs within one symbol
Proposal 2
· When NR PUCCH spans one symbol within one slot, NR PUCCH resource for multiple UEs can be multiplexed in a FDM or CDM fashion or a combination of these two options.
· When NR PUCCH spans multiple symbols within one slot, NR PUCCH resource for multiple UEs can be multiplexed in a TDM or FDM or CDM manner or a combination of any option aforementioned.
3 Resource allocation for HARQ ACK/NACK feedback
As mentioned above, when one symbol is allocated for NR PUCCH transmission, NR PUCCH resource for multiplex UEs may be multiplexed in a FDM or CDM manner or a combination of these two options. Depending on specific NR PUCCH format, resource index for NR PUCCH may include frequency resource and code resource index. 

For scheduled based downlink data transmission, resource index for HARQ ACK/NACK feedback on NR PUCCH can be explicitly signalled or implicitly derived. 
· Explicitly signalled: gNB may configure the resource index for NR PUCCH transmission via RRC signaling or dynamically indicate it in the DCI as shown in Figure 2.
· Implicitly derived: UE may derive the resource index for HARQ ACK/NACK feedback on NR PUCCH based on parameters associated with scheduled downlink data transmission or control channel. Note that in LTE, resource index for PUCCH format 1a/1b is derived from the first CCE in the PDCCH which is used to schedule the downlink data transmission. 
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Figure 2. Explicitly signaling of resource index for HARQ ACK/NACK feedback in NR PUCCH
For the resource allocation option with explicit signalling, if uplink sub-band channel statistic is available at gNB side, system level performance gain can be achieved by employing frequency dependency based scheduling for NR PUCCH. In this case, gNB may schedule the NR PUCCH transmission in the frequency resource with the best channel quality. As descried in our companion contribution [2], substantial link budget and uplink coverage issue is observed when only 1 symbol is allocated for NR PUCCH transmission. This frequency dependency based scheduling mechanism for NR PUCCH would help to address this coverage issue. Also, the explicit signaling enables the NR PUCCH resource to be configured only when necessary and thus to minimize the dedicated resource for NR PUCCH.
Note that to fully exploit the scheduling flexibility, frequency resource index may be explicitly signalled from all available resources within system bandwidth. This mechanism, however, may not be desirable in term of substantial signalling overhead in the DCI. To strive a proper balance between scheduling flexibility and signalling overhead, it is more beneficial to configure a set of resource indexes from high layer signaling, and explicitly signal one resource index from the set of resource indexes in the DCI for HARQ ACK/NACK feedback on NR PUCCH. 

Proposal 3
· Explicitly signalling of resource index for HARQ ACK/NACK feedback on NR PUCCH should be supported
· To strive for a proper balance between scheduling flexibility and signalling overhead, it is desirable to configure a set of resource indexes from high layer signalling and explicitly signal one resource index from the set of resource indexes in the DCI for HARQ ACK/NACK feedback on NR PUCCH. 
4 Resource allocation for CSI report

With regard to resource allocation for CSI report on NR PUCCH, it depends on whether periodic, aperiodic or SPS based CSI-RS transmission is supported in NR. As discussed in our companion contribution [3], NR should support both periodic and aperiodic CSI-RS transmission and CSI report. Further, it is more desirable to decouple the triggering of CSI-RS transmission and CSI report resource allocation to provide more flexibility for gNB scheduler. 
If periodic CSI-RS transmission and CSI report are supported in NR, CSI report can be carried in NR PUCCH. Further, resource allocation for periodic CSI report can be configured by higher layers. 
Proposal 4
· Independent indication of CSI-RS transmission and CSI reporting should be considered as a starting point in NR.

· If periodic CSI report is supported in NR, resource allocation for CSI report on NR PUCCH can be configured by higher layers.
5 Conclusions

In this contribution, we shared our view on resource allocation for NR uplink control channel with primary focus on resource allocation for HARQ ACK/NACK feedback and CSI report. Based on the discussion presented, we summarize our views through the following observations:
Proposal 1
· Localized transmission for NR PUCCH is preferred for licensed spectrum.
· For unlicensed spectrum, distributed transmission for NR PUCCH may be needed to fulfill regulatory requirement for minimum bandwidth occupancy. 
Proposal 2
· When NR PUCCH spans one symbol within one slot, NR PUCCH resource for multiple UEs can be multiplexed in a FDM or CDM fashion or a combination of these two options.

· When NR PUCCH spans multiple symbols within one slot, NR PUCCH resource for multiple UEs can be multiplexed in a TDM or FDM or CDM manner or a combination of any option aforementioned.

Proposal 3
· Explicitly signalling of resource index for HARQ ACK/NACK feedback on NR PUCCH should be supported
· To strive for a proper balance between scheduling flexibility and signalling overhead, it is desirable to configure a set of resource indexes from high layer signalling and explicitly signal one resource index from the set of resource indexes in the DCI for HARQ ACK/NACK feedback on NR PUCCH. 
Proposal 4
· Independent indication of CSI-RS transmission and CSI reporting should be considered as a starting point in NR.

· If periodic CSI report is supported in NR, resource allocation for CSI report on NR PUCCH can be configured by higher layers.
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