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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution discusses uplink control channel aspects for NR. 
Discussion
Uplink control channels
In LTE, PUCCH are uplink L1/L2 control channel and it carries ACK/NACK for DL data, CSI reports, SR (Scheduling request). Although we should start this as the starting point, following aspect should be considered.
· There are cases only to transmit ACK/NACK for DL data without data. To support always piggybacked with data is not efficient. The uplink channel dedicated for ACK/NACK for DL data is required. 
· If periodic CSI report is supported in NR, the uplink channel dedicated for CSI is required. In burst like interference situation, periodic CSI reporting may not represent the channel condition well. On the other hand, macro like deployment of more averaged load condition, period CSI would be quite useful. To have periodic CSI or not should be concluded.
· Dedicated channel for the SR is useful especially when the number of UEs in a cell is relatively small as this channel is collision free. In case of the large number of UEs, SR by RACH is used in LTE. For NR, grant-free based mechanism is under the discussion. Although we see the need of the channel of SR, the final decision may be after some more progress of grant-free based mechanism. We discuss grant-free based access in our accompanied contribution [1].
Although the need of periodic CSI and SR should be discussed further, to consider the channel for such usage would be useful at least from forward compatibility perspective. We propose following. To carry multiple uplink control information like ACK/NACK + CSI needs also further discussion.

Proposal 1: The uplink channel dedicated for ACK/NACK for DL data is supported in NR.
Proposal 2: The uplink channel dedicated for CSI report and dedicated for SR should be considered in NR.

Transmission duration
In LTE design, PUCCH resource (time and frequency) is fixed to 1 subframe/slot in time domain and 1PRB in frequency domain. Within the fixed PUCCH resource, multiple formats for supporting transmission of several uplink control information such as ACK/NACK for DL data, CSI reports, SR, and their combination.
In NR design, in order to reduce the latency, transmission duration of uplink control channel needs to be shortened like 1 or a few symbols. However, such short transmission duration reduces the coverage. Since NR should support at least the same coverage as LTE, uplink control channel with longer time duration (e.g., (multiple) slot/subframe) is also required. Therefore, NR uplink control channel requires supporting the case with latency reduction with shorter coverage and longer coverage case. The longer format needs to support multiple slot/subframe usage in order to support further longer coverage. The dynamic change of two formats is useful for the sudden change of the radio condition. 
Proposal 3: NR uplink control channel supports at least two formats. One is 1 or a few symbols for latency reduction. The other is a slot or subframe length for coverage.
Proposal 4: NR uplink control channel supports longer format of multiple slot/subframe length with repetition for further coverage.
Proposal 5: Dynamic change of shorter format and longer format is supported.

Number of ACK/NACK
ACK/NACK feedback for multiple DL transmissions for respective slot/subframe is transmitted in one UL data/control region was agreed in RAN1#86. Bundling or multiplexing used in LTE TDD or CA can be used but its usage reduces the efficiency of DL. Bundling or multiplexing should be supported when larger coverage is required. In addition, it would be good to study to have ACK/NACK for each code block. To have one ACK/NACK for one codeword may be inefficient especially when one TBS is very large. Multiple ACK/NACK feedback for MIMO is also supported. 
Proposal 6: NR uplink control channel for ACK/NACK for DL data is able to carry multiple bits corresponding to each code block should be studied.
Proposal 7: NR uplink control channel for ACK/NACK for DL data is able to carry multiple bits corresponding to MIMO is supported. 

Data and RS mapping
The design direction of data mapping for uplink control channel depends on whether transmission duration is one-symbol or not. In addition, it also depends on whether uplink waveform is CP-OFDM or DFT-s-OFDM. As frequency diversity is essential for uplink control channel, uplink control channel with one -symbol duration needs to be mapped to at least two frequency resources with sufficiently low correlation. This is realized by CP-OFDM or multi-clustered DFT-s-OFDM. For more than one-symbol transmission duration, frequency hopping can be applied to obtain frequency diversity gain. RS mapping also depend on whether transmission duration is one-symbol or not and whether uplink waveform is CP-OFDM or DFT-s-OFDM. CP-OFDM allows both FDM/TDM of data and RS, while DFT-s-OFDM needs TDM of data and RS in order to keep PAPR low. Then, one-symbol duration or two-symbol duration with frequency hopping could be realized by CP-OFDM. On the other hand, DFT-s-OFDM would need more symbols to achieve frequency diversity gain and accurate channel estimation.
Proposal 8: NR uplink control channel supports frequency diversity. This is realized by FFS distributed mapping and/or frequency hopping.
Proposal 9: FDM and/or TDM is considered for data and RS multiplexing.

Multiplexing
Within the time and frequency resource, multiplexing of multiple uplink control channels from different UEs is required. In LTE, PUCCH resource is FDMed and CDMed among multiple UEs. For NR, FDM and CDM would also be needed to multiplex uplink control channel of multiple UEs. In addition, NR carrier bandwidth is wider than LTE such as 80MHz for the efficiently support of wide band frequency allocation. In such case, UL resource is used only for uplink control information is not efficient. Therefore, FDM with other uplink transmission is essential. For longer format like slot/subframe length, naturally FDM with uplink data should be supported. For shorter format like 1 or a few symbols, these symbols should be allowed to be multiplexed with SR, BSR, TCP initial request, and SRS. These transmission methods could be grant-free based mechanism [2].

Proposal 10: Both FDM and CDM are considered for uplink control channel multiplexing among different UEs.
Proposal 11: For longer format like slot/subframe length, FDM with uplink data is supported.
Proposal 12: For shorter format like 1 or a few symbols, FDM with SR, BSR, TCP initial request, and SRS via grant-free based mechanism should be considered.

Conclusion
In this contribution, we discussed uplink L1/L2 control channel for NR and we have the following proposals:
Proposal 1: The uplink channel dedicated for ACK/NACK for DL data is supported in NR.
Proposal 2: The uplink channel dedicated for CSI report and dedicated for SR should be considered in NR.
Proposal 3: NR uplink control channel supports at least two formats. One is 1 or a few symbols for latency reduction. The other is a slot or subframe length for coverage.
Proposal 4: NR uplink control channel supports longer format of multiple slot/subframe length with repetition for further coverage.
Proposal 5: Dynamic change of shorter format and longer format is supported.
Proposal 6: NR uplink control channel for ACK/NACK for DL data is able to carry multiple bits corresponding to each code block should be studied.
Proposal 7: NR uplink control channel for ACK/NACK for DL data is able to carry multiple bits corresponding to MIMO is supported. 
Proposal 8: NR uplink control channel supports frequency diversity. This is realized by FFS distributed mapping and/or frequency hopping.
Proposal 9: FDM and/or TDM is considered for data and RS multiplexing.
Proposal 10: Both FDM and CDM are considered for uplink control channel multiplexing among different UEs.
Proposal 11: For longer format like slot/subframe length, FDM with uplink data is supported.
Proposal 12: For shorter format like 1 or a few symbols, FDM with SR, BSR, TCP initial request, and SRS via grant-free based mechanism should be considered.
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