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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 uplink control information (UCI) contents and UL control channel formats for NR.  
2 Discussion on UCI contents
In LTE, uplink control information (UCI) consists of 
· HARQ ACK/NACK feedback in response to downlink data transmission. 

· Scheduling request (SR) which is used to request resource for uplink data transmission. 

· Channel state information (CSI) report which is used for link adaptation and downlink data scheduling. More specifically, CSI report includes channel quality indicator (CQI), pre-coding matrix indicator (PMI) and rank indicator (RI). 
For NR, similar design concept should be adopted for UCI contents carried by UL control channel. More specifically, UCI should also support HARQ ACK/NACK feedback, SR and CSI report for the purpose as mentioned above. 
Note that for frequency band above 6GHz, e.g., center-meter Wave (cmWave) or millimeter Wave (mmWave) band, beamforming at both gNB and UE side is a critical technology to compensate the severe path loss caused by atmospheric attenuation, improve the SNR and enlarge the coverage area. To enable efficient operation for beamformed system, e.g., fast beam switching in case of blockage, certain beamforming related information feedback conveyed by L1 control signalling may be necessary. For instance, gNB can transmit dedicated beamformed reference signal so as to allow UE to perform Rx beam refinement [2]. Further, gNB may request UE to report the measured reference signal power and based on the measurement report, gNB may adjust the Tx beam accordingly for subsequent data and control transmission.  
Proposal 1
· For NR, UCI on PUCCH consists of HARQ ACK/NACK feedback, SR, CSI and beam information (BI) report
As agreed in the RAN1 #86 meeting, from UE perspective, HARQ ACK/NACK feedback for multiple DL transmissions in time can be transmitted in one UL data/control region is supported. Figure 1 illustrates grouped HARQ ACK/NACK feedback in response to multiple DL data transmissions. This grouped ACK/NACK feedback can be beneficial to improve data rate for high throughput scenario, especially for TDD system. More specifically, with grouped HARQ ACK/NACK mechanism, overhead due to guard period and NR PUCCH allocated in slots where DL transmission is allocated can be substantially reduced, and hence system level spectrum efficiency can be improved. Similarly, grouped HARQ ACK/NACK can be employed for carrier aggregation, where UE can aggregate HARQ ACK/NACK response for downlink data transmission from multiple component carriers.
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Figure 1. Grouped HARQ ACK/NACK feedback 
Note that gNB may schedule UE to feed back HARQ ACK/NACK response for single downlink data transmission, which can be targeted for low latency application, where fast turn-around including HARQ ACK/NACK feedback and data retransmission in an order of 1ms may be needed. Typically, UE may first exchange UE capability information with gNB on a minimum processing time or HARQ ACK/NACK delay for downlink control and data that UE can support. Based on this UE capability information, gNB can schedule the UE to feedback HARQ ACK/NACK response with appropriate delay to minimize the turn-round time. 
Depending on whether one NR PDSCH can carry one or two codewords if supported in NR, the number of HARQ ACK/NACK feedback bits in response to single downlink data transmission can be 1 or 2. Figure 2 illustrates 1 or 2 bit HARQ ACK/NACK feedback for single downlink data transmission for low latency application. 
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Figure 2. 1 or 2 bit HARQ ACK/NACK feedback
Proposal 2
· NR supports 1 or 2 bit HARQ ACK/NACK feedback for low latency application.
· NR supports grouped HARQ ACK/NACK feedback for low overhead and carrier aggregation scenarios. 

With regard to CSI report, it was agreed in the RAN1 #86 meeting that implicit and explicit CSI feedback methods should be studied in NR. Depending on the outcome of MIMO related discussion in RAN1, detailed CSI report formats and corresponding payload size can be determined. As discussed in our companion contribution [3], CSI report includes PMI, CQI, RI, and beam index. 
Proposal 3
· Detailed CSI report formats and payload size are pending on the outcome of MIMO related discussion in RAN1. 

3 Discussion on UL control channel formats

In LTE, multiple PUCCH formats are specified to support various UCI payload sizes as follows:
· PUCCH format 1/1a/1b for positive SR, 1 or 2 bit HARQ-ACK or 4 bit HARQ-ACK with channel selection
· PUCCH format 2/2a/2b for CSI report with and without 1 or 2 bit HARQ-ACK.  

· PUCCH format 3 for CSI report, 1 bit positive/negative SR and HARQ-ACK.
· PUCCH format 4 for more than 22 bits of UCI including HARQ-ACK, SR and CSI report
· PUCCH format 5 for more than 22 bits of UCI including HARQ-ACK, SR and CSI report
For NR, similar design principle can be considered, i.e., multiple NR PUCCH formats can be supported in order to accommodate various UCI payload sizes. Note that channel coding scheme for each NR PUCCH format should be carefully designed towards optimization of decoding performance on the supported payload size. 
Proposal 4
· Multiple NR PUCCH formats can be supported to accommodate various UCI payload sizes. 
Note that simultaneous transmission of multiple UCI feedbacks in a single NR PUCCH in the same slot should be supported. As described in our companion contribution [4], as a baseline, NR PUCCH spans one symbol within one slot to improve spectrum efficiency. In this case, when multiple UCI feedbacks are scheduled in the same slot, it may be more desirable to combine the multiple UCI feedbacks and carry these information in a single NR PUCCH. This is primarily due to the fact that high PAPR/CM and potential inter-modulation distortion (IMD) would be expected when multiple UCI feedbacks are transmitted in independent and non-contiguous NR PUCCH resource in one symbol.  
According to this design principle, certain UCI feedbacks may be aggregated and transmitted simultaneously in a single NR PUCCH. For instance, in case when HARQ ACK/NACK feedback and periodic CSI report are scheduled in the same slot, UE may group HARQ ACK/NACK feedback and CSI report and transmit simultaneously on a single NR PUCCH. This mechanism can be beneficial, especially for retransmission when gNB may perform link adaptation and adjust MCS or resource according to latest channel statistics reported from UE.

Similarly, SR may be combined with HARQ ACK/NACK feedback and CSI report. In this case, 1 bit SR information (positive or negative) can be explicitly included in the NR PUCCH transmission. 
In general, when total payload size for simultaneous transmission of multiple UCI feedbacks exceeds the payload size that NR PUCCH can support or if UE is configured not to simultaneously transmit multiple UCI feedbacks, certain dropping rule may need to be defined to allow proper detection or decoding process at gNB receiver. Given that HARQ ACK/NACK feedback contains the most critical information for downlink data transmission, it is more natural to define HARQ-ACK feedback as highest priority and drop other UCI feedbacks, e.g., CSI report accordingly. 
Proposal 5
· Simultaneous transmission of multiple UCI feedbacks in a single NR PUCCH in the same slot should be supported. 
· HARQ ACK/NACK feedback can be combined with CSI report or SR in a single NR PUCCH.
4 Design considerations for NR PUCCH formats

Figure 3 illustrates general transmission scheme for various NR PUCCH formats. In the generation procedure, after channel coding and modulation, the modulated symbols are spread using orthogonal sequences to allow multiple UEs to transmit the NR PUCCH in the same resource, which can be used to increase the capacity for uplink control channel. 

Note that when NR PUCCH carries small payload sizes, e.g., 1 or 2 bit HARQ ACK/NACK feedback or SR, encoding process may not be needed. Moreover, in case when NR PUCCH carries relatively large payload size, spreading operation may not be needed as modulated symbols may fully occupy allocated resource. 
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Figure 3. Transmission scheme for NR PUCCH
In the design of orthogonal sequences for spreading operation, Zadoff-Chu sequence or computer generated sequence can be considered as potential candidates. As defined in LTE, spreading sequence for PUCCH in frequency domain consists of a base sequence and a cyclic shifted version of the base sequence. More specifically, the base sequences from different cells are quasi-orthogonal with relatively low cross correlation while different cyclic shifted versions of the same base sequence are orthogonal in frequency. 
For UEs which have multiple transmit antennas or subarrays, multi-antenna transmission scheme can be employed to further improve link budget and coverage for uplink control channel. Similar to LTE, for NR PUCCH carrying 1 or 2 bit payload, combination of space and code domain transmit diversity can be applied, i.e., different cyclic shift values are employed for each AP. For NR PUCCH carrying relatively large payload, Space Frequency Block Code (SFBC) can be utilized if OFDM based waveform is adopted for uplink control channel. 
For frequency band above 6GHz, when UE is equipped with multiple subarrays, UE may transmit the NR PUCCH to one or multiple TRPs using multiple subarrays simultaneously or dynamic beam switching to improve the link budget. As illustrated in Figure 4, closed loop or open loop transmission scheme can be adopted to achieve Tx or beam diversity. 
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Figure 4. Dual beam transmission for NR PUCCH
Proposal 6
· Transmission scheme for NR PUCCH should be carefully designed with the considerations of payload size, multiplexing of multiple UEs and multiple antenna techniques.
5 Conclusions

In this contribution, we shared our view on UCI contents and UL control channel formats for NR. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1
· For NR, UCI on PUCCH consists of HARQ ACK/NACK feedback, SR, CSI and beam information (BI) report
Proposal 2
· NR supports 1 or 2 bit HARQ ACK/NACK feedback for low latency application.
· NR supports grouped HARQ ACK/NACK feedback for low overhead and carrier aggregation scenarios. 

Proposal 3
· Detailed CSI report formats and payload size are pending on the outcome of MIMO related discussion in RAN1. 

Proposal 4
· Multiple NR PUCCH formats can be supported to accommodate various UCI payload sizes. 
Proposal 5
· Simultaneous transmission of multiple UCI feedbacks in a single NR PUCCH in the same slot should be supported. 
· HARQ ACK/NACK feedback can be combined with CSI report or SR in a single NR PUCCH.
Proposal 6
· Transmission scheme for NR PUCCH should be carefully designed with the considerations of payload size, multiplexing of multiple UEs and multiple antenna techniques.
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