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1 Introduction
NR will support transmission of uplink control information (UCI) in a short PUCCH duration. At the recent RAN1 NR Ad-Hoc meeting, the following agreements were reached on the short PUCCH structure [1]:
· For PUCCH in short-duration,

· 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.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.

· FFS actual structure and waveform.

· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.

· At least semi-static configuration for the following is supported.

· A PUCCH resource of a given UE within a slot.

· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.

· The PUCCH resource includes time, frequency and, when applicable, code domains.

· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
· FFS: Support of dynamic indication
· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.

· For a slot having short UL-part (i.e., DL-centric slot):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

· Whether/how a UL data can be scheduled on the short-duration.

· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For PUCCH in long-duration, transmit antenna diversity is supported.
· FFS: PUCCH in short-duration
In this contribution, we discuss some of the outstanding design aspects of of the short PUCCH structure.
2 Discussion
UL control channel structure
It was agreed in RAN1#86bis that 1 symbol duration of a slot is supported for UL control channel in short duration. The following options were discussed for the 1-symbol duration PUCCH and at least option 1-1 is agreed:

· Option 1: 1 symbol in the 1 symbol duration with the same SCS as DL data and/or UL data

· 1-1: UCI and RS are multiplexed in the OFDM symbol in FDM manner

· 1-2: No RS is multiplexed in the OFDM symbol (e.g., sequence-based message)

· Option 2: More than 1 symbols in the 1 symbol duration with higher SCS than DL data and/or UL data

· 2-1: UCI and RS are multiplexed in different OFDM symbols in TDM manner

· 2-2: UCI and RS are multiplexed in joint TDM and FDM manner

It should first be decided whether both OFDM and DFT-S-OFDM waveforms can be configured for the short PUCCH format before deciding whether to support Options other than option 1-1. If only OFDM is supported for 1-symbol short PUCCH format, Option 1-1 may be sufficient. If DFT-S-OFDM is supported for 1-symbol short PUCCH format, Option 2 can be considered for lower PAPR. One motivation for Option 2-1 is to give the UE more processing time before it has to send A/N feedback. Since the UE can be signaled/configured to transmit A/N in a subsequent slot, this seems to be an optimization, which, in addition, requires a higher SCS. For Option 2-2, if UCI is mapped to other symbols apart from the last symbol it undermines the motivation of additional processing time before sending feedback.
Considering that 1~ at least a few tens of bits should be supported for short PUCCH format, the sequence based method in Option 1-2 is quite limited in payload size which is not preferred.
Proposal 1: Sequence based method for UCI and RS for short PUCCH format should be not supported.
Proposal 2: Only FDM of UCI and RS is supported for 1-symbol short PUCCH format unless there is significant requirement for other method of multiplexing between UCI and RS.
For 2-symbol short PUCCH format, the following structures can be considered:

· Option 1: TDM of RS and UCI
· One symbol for RS and one symbol for UCI
· Option 2: Repetition of 1 symbol structure
· Both symbols with RS and UCI FDM multiplexing

· Option 3: FDM and TDM of RS and UCI

· FDM multiplexing of RS and UCI in one symbol and only UCI on the second symbol
Option 1 is typically used for DFT-S-OFDM if supported. Options 2 and 3 are suitable for CP-OFDM. Option 2 can easily support frequency hopping and may improve channel estimation performance in high speed case but with higher RS overhead. The UCI-RS mapping scheme for a 2-symbol short PUCCH format should take into account the waveform, frequency hopping, RS overhead and channel estimation. 

Generally, reduced RS overhead should be further considered for the short PUCCH format. For option 2, it is possible to reduce the RS overhead in each symbol compared to the 1-symbol short PUCCH format. To reduce RS overhead if TDM of short PUCCH formats from different UEs are transmitted in the same slot, a comb-based DMRS transmission method can be considered such that neighboring short PUCCH formats may share DMRS in the same symbol. Simulations may be needed to evaluate the tradeoff between coding rate and channel estimation.
Proposal 3: The design of RS and UCI structure for 2-symbol short PUCCH format should depend on waveform, frequency hopping, RS overhead and channel estimation performance.

Proposal 4: A comb-based DMRS transmission method can be considered for the short PUCCH format.
For short PUCCH format, UCI may be coded, rate-matched and mapped to the available REs following the same principles as LTE PUCCH format 4. This would enable support of variable payload sizes. In addition, the short PUCCH format should be capable of multiplexing UCI from different users. To support UCI multiplexing from multiple UEs, frequency domain OCC can be considered similarly to LTE PUCCH format 5. The OCC length should be designed with a nested structure in order to dynamically tradeoff spreading gain with multiplexing capacity.
Proposal 5: The short PUCCH format may follow similar design principles governing LTE PUCCH formats 4/5 structure targeting multi-user multiplexing and flexible resource allocation.  

Number of payload size
If short PUCCH format is only used for self-contained HARQ-ACK feedback, for slot based DL transmission, there will be only one PDSCH transmissions in one slot for one UE, which means at most 2 bits of HARQ-ACK are needed to be fed back in short PUCCH assuming at most 2 TBs for one PDSCH and 1 bit HARQ-ACK for each TB. For mini-slot based DL transmission, there will be multiple DL transmissions in one slot which require to feed back HARQ-ACK in short PUCCH format in the same slot, which means multiple bits of HARQ-ACK should be supported in short PUCCH format for such case. The number of HARQ-ACK depends on the number of mini-slot in one slot for DL transmission. 

If short PUCCH format can be used to carry HARQ-ACK of DL transmission in previous slots, then multiple bits of HARQ-ACK should be supported in short PUCCH format for such case. The number of HARQ-ACK depends on the number of slot for slot based DL transmission and the number of slot and mini-slot for mini-slot based DL transmission required to be fed back HARQ-ACK in the same time.

When short PUCCH format is used for carrying P-CSI, the max number of P-CSI bits depends on the number of CCs or CSI processes that may be configured for reporting in the same time instance. It is envisaged that more P-CSI reports may be needed in NR to support multi-beam operation. 
Proposal 6: The short PUCCH format should be designed to support transmission of HARQ-ACK, CSI feedback, or both.

Frequency-diversity
Whether frequency-diversity can be considered for short PUCCH format depends on the allowed number of symbols. Frequency-diversity can be configured by higher layer signaling with a predefined frequency hopping pattern when the short PUCCH format contains 2 symbols. For a 1-symbol PUCCH, frequency diversity may be obtained by distributed PUCCH RB allocation across the system bandwidth. However, such a distributed resource allocation increases the inter-modulation distortion and would need further investigation.
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: Sequence based method for UCI and RS for short PUCCH format should be not supported.
Proposal 2: Only FDM of UCI and RS is supported for 1-symbol short PUCCH format unless there is significant requirement for other method of multiplexing between UCI and RS.
Proposal 3: The design of RS and UCI structure for 2-symbol short PUCCH format should depend on waveform, frequency hopping, RS overhead and channel estimation performance.

Proposal 4: A comb-based DMRS transmission method can be considered for the short PUCCH format.
Proposal 5: The short PUCCH format may follow similar design principles governing LTE PUCCH formats 4/5 structure targeting multi-user multiplexing and flexible resource allocation.  

Proposal 6: The short PUCCH format should be designed to support transmission of HARQ-ACK, CSI feedback, or both.
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