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Introduction
In LTE, a few formats of physical uplink control channels (PUCCHs) were specified for SR/HARQ-ACK/CSI feedback. This contribution discusses the design aspects of NR UL control channels based on some agreements made in previous RAN1 meetings. 

	Agreements in RAN1 #86bis:
· 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
· 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
· 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.
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
· UE-specific RS is used for PUCCH transmission




Design criterions for UL control channel (NR PUCCH)

It was agreed that at least two ways of transmissions are supported for NR UL control channel; transmissions in short and long duration. For convenience, they are simply named as short PUCCH and long PUCCH respectively in this contribution. This section discusses potential channel structures for both short and long PUCCHs. 

Short PUCCH format
Now, various aspects on short PUCCH format are discussed. Figure 1 is illustrating a potential structure of short PUCCH.
· Waveform: The agreement in RAN1#86bis says that CP-OFDM is the baseline and DFT-S-OFDM is also supported targeting for link budget limited cases. The main motivation to introduce two different formats for PUCCH is that long PUCCH is used to guarantee sufficient coverage and short PUCCH is used for the scenarios where coverage is not an issue. Taking into account those aspects, CP-OFDM is the proper choice for short PUCCH. And since 1 symbol has to be supported for short PUCCH, it is much more flexible to use CP-OFDM for multiplexing multiple PUCCHs and also for multiplexing UCI and DMRS.
· Multiplexing with UL data (PUSCH): In UL centric slot as shown in Figure 1, FDM of PUSCH and PUCCH may be beneficial from the resource utilization perspective. In this case, PUSCH can span from the 1st OFDM symbol of PUSCH (e.g., 3rd OFDM symbol of a slot) to the last OFDM symbol of a slot. However, whether FDM of data and PUCCH is supported in DL centric slot is FFS since we have not agreed on the support of 1 symbol PUSCH transmission and there is no motivation for this.
· Transmission structure: It was agreed that a PRB (or multiple PRBs) is the minimum resource unit size for PUCCH. However, it is FFS whether UE multiplexing applies within a PRB for the short UL control channel duration. And it is preferred to have PUCCH in “PUCCH sub-band” similar to downlink control as shown in Figure 1 and the control sub-band should be defined by multiple PRBs and its frequency band should not be greater than the maximum UE BW. 
· Multiplexing of UCI and DMRS: There could be three possible cases as shown in Figure 1. If CP-OFDM is used, FDM could be the simple solution. However, if a PUCCH consists of distributed PRBs, the channel estimation performance may be degraded by the lack of inter-PRB interpolation. If localized PRBs are used for a PUCCH, frequency diversity is not fully obtained. TDM approach is able to support both CP-OFDM and DFT-S-OFDM but the DMRS overhead is as high as 50%. CDM is also able to support both CP-OFDM and DFT-S-OFDM and it can guarantee both the channel estimation performance and frequency diversity gain but the number of information bits is limited. 
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Figure 1: Short PUCCH format

Proposal 1: For short PUCCH format
· CP-OFDM is supported
· FDM of PUSCH and PUCCH is supported in UL centric slot and FFS in DL centric slot
· PUCCH sub-band is defined by multiple PRBs and its frequency band should not be greater than the UE BW
· For multiplexing of UCI and DMRS, RAN1 needs more study among FDM, TDM, and CDM

Long PUCCH format
Like the above short PUCCH discussions, similar aspects on long PUCCH format are discussed. And Figure 2 is illustrating a potential structure of long PUCCH.
· Waveform: long PUCCH is for the coverage limited case so that DFT-S-OFDM has to be supported. However, considering that NW has flexibility to choose waveform between CP-OFDM and DFT-S-OFDM, CP-OFDM has to be supported as well. 
· Multiplexing with UL data (PUSCH): In UL centric slot as shown in Figure 2, FDM of PUSCH and PUCCH has to be supported and in DL centric slot, there is no long PUCCH defined.
· Transmission structure: LTE PUCCH scheme can be reused for long PUCCH. Considering the agreement that maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier, Rel-13 eMTC PUCCH structure is appropriate. PUCCH sub-band consists of two frequency resource regions (e.g., a PRB) and the distance between two regions should be less than UE maximum BW.
· Multiplexing of UCI and DMRS: For supporting DFT-S-OFDM, TDM is to be supported as shown in Figure 2. How many OFDM symbols are used for RS and exact locations are FFS.
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Figure 2 Long PUCCH format

Proposal 2: For long PUCCH format
· Both CP-OFDM and DFT-S-OFDM are supported
· FDM of PUSCH and PUCCH is supported in UL centric slot
· PUCCH sub-band is defined like Rel-13 MTC and its frequency band should not be greater than the maximum UE BW
· For multiplexing of UCI and DMRS, TDM is the baseline

Multiplexing of different UEs
Additional design issue for uplink signaling is how to multiplex different PUCCHs inside PUCCH region. In LTE, the exact PUCCH resource is implicitly derived from the PDCCH resource (e.g. as for PUCCH Format 1a/1b in LTE) or explicitly configured by DCI or RRC signaling (e.g. as for PUCCH Format 3/4/5 in LTE). Unlike LTE where HARQ timing is fixed, NR HARQ timing can be dynamically and/or semi-statically indicated to a UE as agreements below. 
Agreements:
· At least the following is supported for NR frame structure 
· Following timing relationships are indicated to a UE dynamically and/or semi-statically
· Timing relationship between DL data reception and corresponding acknowledgement
· Timing relationship between UL assignment and corresponding UL data transmission

For NR, both implicit derivation and a combination of semi-static configuration and explicit indication can be also considered. If implicit derivation is considered, there should be an additional mechanism to resolve the different HARQ timing issue.

Proposal 3: For PUCCH resource indication, implicit derivation and a combination of semi-static configuration and explicit indication can be considered 
Conclusions
This contribution discusses the design aspects for NR uplink control channels and proposes following proposals.

Proposal 1: For short PUCCH format
· CP-OFDM is supported
· FDM of PUSCH and PUCCH is supported in UL centric slot and FFS in DL centric slot
· PUCCH sub-band is defined by multiple PRBs and its frequency band should not be greater than the maximum UE BW
· For multiplexing of UCI and DMRS, RAN1 needs more study among FDM, TDM, and CDM

Proposal 2: For long PUCCH format
· Both CP-OFDM and DFT-S-OFDM are supported
· FDM of PUSCH and PUCCH is supported in UL centric slot
· [bookmark: _GoBack]PUCCH sub-band is defined like Rel-13 MTC and its frequency band should not be greater than the UE BW
· For multiplexing of UCI and DMRS, TDM is the baseline

Proposal 3: For PUCCH resource indication, implicit derivation and a combination of semi-static configuration and explicit indication can be considered 
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