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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#86bis, following agreements on uplink control channel were made.
Agreements:
· At least two ways of transmissions are supported for NR UL control channel
· UL control channel can be transmitted in short duration
· around the last transmitted in short duration
· FFS: How to define and treat the potential gap at the end of the slot
· FFS: in the other positions, e.g., the first UL symbol(s) of a slot
· TDMed and/or FDMed with UL data channel within a slot
· UL control channel can be transmitted in long duration
· over multiple UL symbols to improve coverage
· FDMed with UL data channel within a slot
· FFS how to multiplex with SRS
· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth

Agreements:
· For UL control channel in short duration
· 1 symbol duration of a slot is supported.
· FFS: a few symbol duration of a slot is supported.
· Mechanism enabling frequency-diversity is supported.
Agreements:
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel
Agreements:
· UE-specific RS is used for PUCCH transmission

Agreements:
· Study at least the following operations to be supported in NR, from a single UE perspective
· Case 1: UL data and UCI are FDMed where the resource for UCI is not a part of the resource allocated for UL data
· Case 2: UL data and UCI are TDMed where the resource for UCI is not a part of the resource allocated for UL data
· Case 3: UL data and UCI are multiplexed where the resource for UCI is a part of the resource allocated for UL data
· FFS: how different types of UCI are handled
· Further study on other possibilities is not precluded

Based on the above agreements, this contribution further discusses uplink control channel design for NR.
Discussion
0. UCI content
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. 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 or a group of code blocks. To have one ACK/NACK for one whole codeword would be inefficient especially when one TBS is very large. Multiple ACK/NACK feedback for MIMO is also supported.
· In RAN1#86bis, to support at least one of following was agreed. 1) Periodic CSI reporting. 2) Semi-persistent CSI reporting. Therefore, the uplink channel dedicated for CSI is also required.
· 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. UE buffer status report (BSR) and power headroom (PHR) may also be transmitted in uplink control channel. 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. The combination of contention-free and contention based manner would beneficial for considering latency, reliability, and spectrum efficiency [1].
Although the need of SR should be discussed further, to consider the channel for above usage would be useful. To carry multiple uplink control information like ACK/NACK + CSI needs also further discussion. 
The payload size of each UCI content would be different and therefore, we think several formats corresponding to different payload size would be required such as 1) up to 2 bits, 2) up to around 20 bits, 3) up to around 50 to 100 bits. For the uplink control channel carrying relatively larger payload size such as 50 to 100 bits, to carry data itself is also possibility for grant free access. Based on above discussion, we propose followings.
Proposal 1: The uplink channel dedicated for ACK/NACK for DL data is supported in NR.
Proposal 2: NR uplink control channel for ACK/NACK for DL data is able to carry multiple bits corresponding to each or group of code blocks should be studied.
Proposal 3: NR uplink control channel for ACK/NACK for DL data is able to carry multiple bits corresponding to MIMO is supported. 
Proposal 4: The uplink channel dedicated for CSI report is supported in NR.
Proposal 5: The uplink channel dedicated for SR should be considered in NR.
Proposal 6: Transmitting BSR and PHR in the uplink control channel should be considered in NR.
Proposal 7: Carrying data itself in the uplink control channel should be considered in NR.

0. UL control channel in long transmission duration
In LTE design, PUCCH resource in time domain is 1 ms (corresponding 14 OFDM symbol of 15 kHz subcarrier spacing) and the waveform is DFT-s-OFDM. For UL control channel in long transmission duration, we think the starting point is DFT-s-OFDM (i.e., UCI and RS are multiplexed in time domain). Frequency hopping should be applied to obtain frequency diversity gain. In order to support the case of not supporting DFT-s-OFDM base station, CP-OFDM based design can be considered by modifying DFT-s-OFDM design.
On simultaneous UCI and data from a single UE perspective, in order to ensure DFT-s-OFDM waveform property, UCI and data are TDMed or piggy-backed on PUSCH. TDMed with UCI and data would not be desirable at least for long transmission duration as the transmission duration is shortened and it degrades the coverage. The other possibility would be simultaneous adjacent transmission similar to the waveform in LTE based D2D [2]. Uplink control channel is within the resource allocated for UL data.
Proposal 8: Starting point of UL control channel in long transmission duration is DFT-s-OFDM.
Proposal 9: CP-OFDM based design can be considered for long transmission duration by modifying DFT-s-OFDM design.
Proposal 10: Frequency diversity is realized by frequency hopping for UL control channel in DFT-s-OFDM based long transmission duration.
Proposal 11: UCI piggybacking on UL data or simultaneous adjacent transmission of UL data and UCI is considered.

0. UL control channel in short transmission duration
For UL control channel in short transmission duration, we think only CP-OFDM is supported. Frequency diversity is realized distributed mapping. UCI and data are multiplexed in frequency domain for the format with 1 symbol duration of a slot.
On multiplexing of data, 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 is not efficient. Therefore, FDM with other uplink transmission is essential. Assuming CP-OFDM waveform for UL control channel in short transmission duration, it should be TDMed and FDMed with UL data channel within a slot. In addition, the last symbol(s) should be used for uplink data in case of a “downlink-centric slot”. These symbols should be allowed to be multiplexed with SR, BSR, TCP initial request, and SRS.
Proposal 12: UL control channel in short transmission duration is only CP-OFDM.
Proposal 13: Frequency diversity is realized by distributed mapping for UL control channel in short transmission duration.
Proposal 14: Both TDMed and FDMed with UL data channel are supported for uplink control channel in short transmission duration.
Proposal 15: 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.

0. Other aspects
On resource unit size, a complete PRB is used for larger UCI payload size. On the other hand, for small UCI payload size, multiple UEs are multiplexed in a (set of) PRB(s). In LTE, PUCCH resource is FDMed by PRB level and CDMed among multiple UEs. In eMTC, as PUCCH is available, to use 1 PRB based design with CDM is reasonable. While in NB-IoT, just FDMed by subcarrier level is used. For NR context, whether PUCCH like design (CDM over 1 PRB) is better or just FDM of 1 (or a few) subcarrier (NB-IoT like design) is better for a relatively small payload size should be considered. FDM by subcarrier level would allow more flexible multiplexing of different numerologies. Probably flexible multiplexing of different format like (2, 20, and 100 bits payload size formats) also is allowed by FDM. The multiplexing capacity should be considered.
On resource allocation, the frequency resource indicatable to dynamic/semi-static combinations is “control subband.” Therefore, the uplink control signalling is restricted to such region. The control subband can be different among UEs. The global sum of “control subbands” is known to UE for the data allocation is FFS.
On the numerology for uplink control channel, if uplink data and uplink control channel are the same numerology [3], it is known. While if uplink data and uplink control channel are the different numerology, the numerology for uplink control is semi-statically indicated. FFS whether SIB and/or dedicated.
Proposal 16: FDMed by subcarrier level and CDM are studied for the multiplexing among uplink control channel from different UEs.
Proposal 17: Control signalling in absence of uplink data is restricted to a control subband, which can be different among UEs.

Conclusion
In this contribution, we discussed uplink control channel design 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: NR uplink control channel for ACK/NACK for DL data is able to carry multiple bits corresponding to each or group of code blocks should be studied.
Proposal 3: NR uplink control channel for ACK/NACK for DL data is able to carry multiple bits corresponding to MIMO is supported. 
Proposal 4: The uplink channel dedicated for CSI report is supported in NR.
Proposal 5: The uplink channel dedicated for SR should be considered in NR.
Proposal 6: Transmitting BSR and PHR in the uplink control channel should be considered in NR.
Proposal 7: Carrying data itself in the uplink control channel should be considered in NR.
Proposal 8: Starting point of UL control channel in long transmission duration is DFT-s-OFDM.
Proposal 9: CP-OFDM based design can be considered for long transmission duration by modifying DFT-s-OFDM design.
Proposal 10: Frequency diversity is realized by frequency hopping for UL control channel in DFT-s-OFDM based long transmission duration.
Proposal 11: UCI piggybacking on UL data or simultaneous adjacent transmission of UL data and UCI is considered.
Proposal 12: UL control channel in short transmission duration is only CP-OFDM.
Proposal 13: Frequency diversity is realized by distributed mapping for UL control channel in short transmission duration.
Proposal 14: Both TDMed and FDMed with UL data channel are supported for uplink control channel in short transmission duration.
Proposal 15: 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.
Proposal 16: FDMed by subcarrier level and CDM are studied for the multiplexing among uplink control channel from different UEs.
Proposal 17: Control signalling in absence of uplink data is restricted to a control subband, which can be different among UEs.
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