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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution discusses detailed design of uplink control channel in short-duration.
Discussion
Channel structure and waveform for PUCCH in 1-symbol duration
It was agreed that at least following is supported for PUCCH in 1-symbol duration.
· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
Remaining issues on the channel structure and waveform for PUCCH in 1-symbol duration are
· Whether to support sequence-based (no RS) structure
· Whether to support low PAPR design even for 1-symbol duration
· Whether to support split symbol design
Since the above agreement said “UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed”, and therefore, there would be still remaining issue whether RS-based or sequence based. For sequence based design, independent resource (such as frequency resource or cyclic shift/OCC) is allocated for UCI. It would be applicable for small payload size. The benefit of sequence-based design would be low PAPR property and potential multiplexing capacity increase than DMRS based design. However, DMRS based design would be required at least for large payload size. Then, to have common design for all payload size (i.e., both designs are DMRS-based) would be reasonable.
On whether low PAPR design is necessary or not, in our view, for PUCCH in 1-symbol duration, to have reliability using the diversity is more important than the reduction of CM/PAPR or IMD. Therefore, CP-OFDM with distributed mapping would be better.
On whether split symbol with higher subcarrier spacing, it had been identified that there are several benefits, such as increasing multiplexing capacity for PUCCH with analog beam forming, more processing time for ACK/NACK, low PAPR property with DFT-s-OFDM. We think to use higher subcarrier spacing itself would be attractive in order to handle transient period as discussed below. On the other hand, we don’t identify the big merit to use multiple symbols by split symbol itself.
Proposal 1: CP-OFDM with associated DMRS and distributed mapping is a baseline for UL control channel structure in 1 symbol duration.

Channel structure and waveform for PUCCH in 2-symbol duration
It was agreed that at least PUCCH in short-duration spanning 2-symbol duration of a slot is supported.
Our preference is to support more than 1 symbol duration by repeating PUCCH for 1-symbol duration over multiple symbol duration. It could also reduce the standardization and design time compared to designing PUCCH for 2 symbol duration independently.
Assuming CP-OFDM with distributed mapping is used for PUCCH in 1-symbol duration and PUCCH in short duration with 2-symbol duration is realized by repeating PUCCH for 1-symbol duration over multiple symbol duration, PUCCH in short duration have poor CM/PAPR compared with PUCCH in long duration which would be more optimized in CM/PAPR.
As far as PUCCH in 1-symbol duration is designed with distributed mapping, no need of the hopping for the repetition.
In order to increase multiplexing capacity, to apply time-domain CDM over multiple symbol duration would be possibility.
Proposal 2: UL control channel in 2 symbol duration is realized by repeating UL control channel for 1-symbol duration over 2 symbol duration.

Position of PUCCH in short duration
Following options were identified on the position(s) of UL control channel in short duration within a slot.
· Option 1: UL control channel in short duration is always after DL/UL data part in the slot
· Option 2: UL control channel in short duration can be before DL/UL data part in the slot
For below 6 GHz (or lower subcarrier spacing), Option 1 is sufficient as to have very flexible DL/UL operation in isolated cell deployment is rather difficult or lower priority. For above 6 GHz (or higher subcarrier spacing), isolated cell deployment to allow flexible DL/UL switching can be more possible in these condition. In this case, because of shorter slot length, DL/UL switching can be frequent. Therefore, Option 1 can be sufficiently works. Then, we think Option 1 is sufficient. We also think to reduce HARQ round trip time and fast scheduling could be possible to have more than 1 HARQ process within a slot [1].
Proposal 3: UL control channel in short duration is always after DL/UL data part in the slot.

Transition time and PUCCH in short duration
[bookmark: _GoBack]Although RAN4 is under the discussion on the transition time for sTTI and NR [2, 3], depending on the period of transient period, to have explicit transient period should be considered [4]. In addition, using higher subcarrier spacing may be beneficial to handling the transient period. In the following, we envisage 4 options of the behaviour as shown in Fig.1.
1) No explicit transient period
In this option, certain part of OFDM symbol is destroyed by the transient period. Depending on the transient period length and receiver handling of transient period, the symbol affected by the transient symbol may not be usable.
2) Front side explicit transient period
Using higher subcarrier spacing, explicit transient period is reserved. Explicit transient period is located in front side of the symbol. Then, we can obtain clean symbol not affected by the transient period. By having the latter part of the original symbol only, UE processing time may be extended than the case without explicit transient period.
3) Rear side explicit transient period
Using higher subcarrier spacing, explicit transient period is reserved. Explicit transient period is located the rear side of the symbol. Then, we can obtain clean symbol not affected by the transient period. By having transient period located in the longer duration transmission, the impact caused by the transient period can be reduced as the ratio impacted by the transient period is less when the transmission length is long. 
4) Both sides explicit transient period
Using higher subcarrier spacing, explicit transient period is reserved. Explicit transient period is located in both front and rear side of the symbol. Then, we can obtain clean symbol not affected by the transient period. By having the both sides of the original symbol, the one transmission may be more modular structure, i.e., any transmissions could be combined before/after short PUCCH without influence of transient period.
On the position of PUCCH in short duration with higher subcarrier spacing within 1 symbol period, fixed position in an OFDM or flexible position could be considered. Flexible position could be realized by TA value but it would require different TA between UL control channel and data channel. Fixed position allows the single TA for a UE and then, the realization of transient time handling with higher subcarrier spacing is fixed position in a OFDM should be specified if supported.
Proposal 4: Explicit transient period handling with higher subcarrier spacing should be considered.
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(a) No explicit transient period
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(b) Front side explicit transient period
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(c) Rear side explicit transient period
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(d) Both sides explicit transient period
Fig.1 Explicit transient period handling with higher subcarrier spacing
Conclusion
In this contribution, we discussed detailed design of uplink control channel in short-duration. We have the following proposals:
Proposal 1: CP-OFDM with associated DMRS and distributed mapping is a baseline for UL control channel structure in 1 symbol duration.
Proposal 2: UL control channel in 2 symbol duration is realized by repeating UL control channel for 1-symbol duration over 2 symbol duration.
Proposal 3: UL control channel in short duration is always after DL/UL data part in the slot.
Proposal 4: Explicit transient period handling with higher subcarrier spacing should be considered.
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