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1 Introduction
In RAN1#86bis meeting [1], agreement to study different numerologies for control channel and data transmission from a UE was achieved, and details are were as follows:
Agreements:
· NR should support both data and control with the same numerology
· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Followings applies both DL and UL
· The associated DM-RS for data/control transmission still uses the same numerology as the data/control transmission
· FFS: Control channel performance under different numerologies, Overhead saving, Control channel capacity; Quantify timeline saving, UE complexity
And 1 symbol duration of a slot for short PUCCH was agreed, and position of short PUCCH was discussed and agreements were achieved as
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:
· 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 UL symbol(s) of a slot
· 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
During RAN1#87 meeting [2], uplink control channel design was hotly discussed in email and offline discussion, and agreements were achieved as:
Agreements:
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we provided our views of the uplink control channel design in NR.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
In the email and offline discussion for short UCI design during RAN1#87 meeting, both same and scaled subcarrier spacing for UCI and RS were discussed, and for the RS and UCI multiplexing, TDM, FDM and CDM were all discussed.
With the increasing of subcarrier spacing, the symbol duration will be reduced, i.e. symbol splitting, which can be utilized for the uplink control channel design. Within the limited time duration, more symbols can be supported with larger subcarrier spacing, and naturally RS and UCI can be multiplexed with TDM, especially considering the low PAPR requirement for DFT-S-OFDM. In addition, symbol splitting has some benefits for UE processing timeline, as RS for uplink control channel can be transmitted firstly, and the time duration can also be used as extra time for ACK/NACK preparing. So we propose that:
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: Support scaled subcarrier spacing for uplink control channel design.
In addition, considering the small payload of ACK/NACK and the quick decoding requirement for retransmission preparation, specific signal design without RS for ACK/NACK can be considered. For example, to use different sequences or different transmission patterns to indicate ACK or NACK, gNB just need to identify the sequence or the pattern to obtain the ACK/NACK information. On one hand, this scheme can save the resource as no RS needed, on the other hand, this scheme can accelerate information obtaining without RS estimation and decoding.
One example for resource specific ACK/NACK design is shown in Figure 1.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Figure 1. Example for resource specific ACK/NACK design
In addition, UE with different ACK/NACK sequences can be multiplexed in the same resource to increase the capacity.
Based on the discussion, we propose that:
Proposal 2: Uplink control channel design without RS should be considered, e.g. ACK/NACK identification with different resources or different sequences.
3 Conclusion
In this contribution, we provided our proposals for uplink control channel design. And we propose that:
[bookmark: _GoBack]Proposal 1: Support scaled subcarrier spacing for uplink control channel design.
Proposal 2: Uplink control channel design without RS should be considered, e.g. ACK/NACK identification with different resources or different sequences.
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