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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution discusses channel structure of uplink control channel in short-duration.
Discussion
Channel structure for PUCCH in 1-symbol duration
Following options was agreed to be considered for 1-symbol PUCCH in the previous meeting [1].
Agreements: (RAN1#88)
· For 1-symbol PUCCH, consider following options
· Option 1: RS and UCI of one UE are multiplexed by FDM manner in each symbol.
· Already agreed.
· Option 4: Sequence based design without RS only for small (1~2) payload size case
· Information is delivered by which sequence/code is transmitted
· Sequence is mapped over contiguous or non-contiguous REs
· UCI sequence can be CDMed with DMRS sequence of other UEs
· Option 5: Sequence based design with RS only for small (1~2) payload size case
· Information is delivered by which/what sequence/code is transmitted
· RS and UCI are multiplexed by CDM manner
· Option 6: Pre-DFT multiplexing of RS and UCI
· Consider for both small and large UCI payload size cases
· Possibility 1: {CP + Pilot} + {CP + Data} to avoid MPI b/w pilot and data
· Possibility 2: CP + {Pilot + Data} as current DFT-s-OFDM
· Other possibilities are not precluded
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting

Agreements: (RAN1#Jan. AH)
It was also agreed that at least following is supported for PUCCH in 1-symbol duration [2].
· 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.

For middle and large payload size, there would be the remaining issue whether Option 1 and/or Option 6 are supported. Option 1 (i.e., RS and UCI of one UE are multiplexed by FDM) was already agreed to support if RS-based design is supported. Therefore, Option 1 should be a baseline at least for large payload size.
The benefit of Option 6 would be to have single-carrier property. However, in our view, whether short PUCCH with coverage limited operation is required from the beginning of Rel.15 seems unclear and to have reliability using the diversity is more important than the reduction of CM/PAPR or IMD for PUCCH in short-duration. In addition, there would be a concern on channel estimation issue. If RS and UCI are pre-DFT multiplexed, multi-path interference would occur between RS and data. To solve this issue, possibility 1 were identified. However, possibility 1 would increase CP overhead if the same length of CP as current DFT-s-OFDM is assumed. If CP length is reduced, the robustness against the multi-path fading would degrade. Considering above, to support Option 1 only at least in Rel.15 would be sufficient.

Proposal 1: Option 1 (i.e., CP-OFDM with associated DMRS) is a baseline for UL control channel structure in 1-symbol duration at least for large payload size.

Since the above agreement in RAN1 #Jan. AH 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 at least for small payload size.
For Option 1 (DMRS based design), since Option 1 would be required at least for large payload size, to have common CP-OFDM design for all payload size would be possible.
For Option 4/5 (sequence based design), independent resource (such as frequency resource or cyclic shift/OCC) is allocated for UCI. The benefit of sequence-based design would be low PAPR property and it has the merit when coverage limited operation. In addition, the benefit of sequence-based design would be on-off detection performance improvement than DMRS based design. However, it would be the trade-off with multiplexing capacity and then sequence-based design has the merit when sparse resource usage. Such usage of coverage limited operation and sparse resource usage would be analogue beam forming case in which the nuber of UEs in a symbol is less and PUCCH in short-duration is more releavant because of dynamic TDD nature of mini-slot usage.
Proposal 2: Sequence-based design would be beneficial at least for usage the coverage limited operation and sparse resource usage such as analogue beam forming case.

Channel structure and waveform for PUCCH in 2-symbol duration
Following was agreed for 2-symbol PUCCH in RAN1#88 [1].
[bookmark: _GoBack]Agreements:
· For 2-symbol PUCCH, consider following options
· Option 1: RS and UCI are multiplexed by FDM manner in each symbol.
· Option 2: RS and UCI are multiplexed by TDM manner.
· Option 3: RS and UCI are multiplexed by FDM manner in one symbol and only UCI is carried on another symbol without RS
· Option 4: Sequence based design without RS only for small payload size case
· Option 5: Sequence based design with RS only for small payload size case
· Option 6: Pre-DFT multiplexing in one or both symbol(s)
· Combination of above options are not precluded
· RAN1 will definitely down select above options in the next meeting

Similar discussion for PUCCH in 1-symbol duration could be applied to Option 1, 4, 5, and 6. Option 2 would have benefit of front loaded RS and UE processing time. Option 3 would also have benefit of front loaded RS.
Our preference is to support more than 1 symbol duration by repeating PUCCH for 1-symbol duration over multiple symbol duration. It could 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 3: UL control channel in 2 symbol duration is realized by repeating UL control channel for 1-symbol duration over 2 symbol duration.

User multiplexing for PUCCH in short duration
To reduce the bandwidth and increase the PSD has more benefit for noise (power) limited condition by improving channel estimation performance. On the other hand, to reduce the bandwidth reduces the length of the sequence of RS and demerit for interference limited condition like frequency reuse 1. For PUCCH in short duration, it should be more optimized for interference limited condition and not so much need to reduce the bandwidth. Then, PUCCH in short duration would occupy multiple PRB resources in frequency-domain. Considering above, PUCCH in short duration from different UEs are multiplexed by FDM manner with PRB level and/or CDM manner would be reasonable.
Proposal 4: PUCCH in short duration from different UEs are multiplexed by FDM with PRB level and/or CDM manner.

Transition time and PUCCH in short duration
In the previous meeting, RAN1 sent LS on transient period to RAN4 [3]. Although RAN4 is under the discussion on the transition time for sTTI and NR, 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 5: 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 channel structure of uplink control channel in short-duration. We have the following proposals:
Proposal 1: Option 1 (i.e., CP-OFDM with associated DMRS) is a baseline for UL control channel structure in 1-symbol duration at least for large payload size.
Proposal 2: Sequence-based design would be beneficial at least for usage the coverage limited operation and sparse resource usage such as analogue beam forming case.
Proposal 3: UL control channel in 2 symbol duration is realized by repeating UL control channel for 1-symbol duration over 2 symbol duration.
Proposal 4: PUCCH in short duration from different UEs are multiplexed by FDM with PRB level and/or CDM manner.
Proposal 5: Explicit transient period handling with higher subcarrier spacing should be considered.
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