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1. Introduction

In RAN1#86bis and RAN1#87 meetings [1-2], following agreements were made for NR UL control channel.
	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

· 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
Agreements:
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data

· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data

· At least a low PAPR/CM design should be supported for the ‘long PUCCH’

· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.

Agreements:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently
Agreements:
· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots

· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some cases
· FFS the numbers of the slots
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)

Agreements:
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM
· FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS)


According to above agreements, NR supports at least two types of UL control channels; one is to be transmitted in short duration and TDMed and/or FDMed with UL data channel and the other is to be transmitted in long duration and FDMed with UL data channel. In this contribution, we discuss the design of short duration UL control channel (denoted as “NR-PUCCH” hereafter), especially for UL control channel composed of more than one symbol.
2. Discussion
NR-PUCCH consisting of more than one symbol but not spanning most of a slot or slots can be necessary due to following reasons.

· One symbol may not guarantee the reliable transmission of UCI (uplink control information) for cell edge or moderate coverage UE.

· One-symbol NR-PUCCH can be insufficient for large size UCI transmission (especially for bandwidth limited UE).

· Considering flexible DL/UL configuration, a few symbols can be allocated to UL region within a slot.
Therefore, in this section, we provide some design alternatives for multi-symbol NR-PUCCH and compare them in various aspects.

2.1. Design alternatives
Basically, following two alternatives can be considered for multi-symbol NR-PUCCH design as shown in Fig. 1.

· Alt. 1: Repetition of one-symbol NR-PUCCH structure over multiple symbols

· Alt. 2: TDM between RS (reference signal) and UCI

One-symbol NR-PUCCH for Alt. 1 can be based on FDMed RS/UCI structure described in [2]. Zadoff-Chu sequence or pseudo-random sequence could be applicable to RS for both options. However, especially for Alt. 2, Zadoff-Chu sequence would be better to reduce PAPR. For UCI part, transmission scheme can be different depending on the size of UCI. For instance, for 1-bit HARQ-ACK, BPSK modulated symbol multiplied with sequence (e.g., Zadoff-Chu sequence) can be transmitted for UCI part. For another instance, for large payload HARQ-ACK or CSI, coded bits can be transmitted with OFDM or DFTS-OFDM. Besides, in order to achieve more frequency diversity gain, frequency hopping of the UL control resource over symbols can be considered further while potential performance loss due to power transient period should be investigated.

Alt. 1 has the advantage of being able to be multiplexed with one-symbol NR-PUCCH while Alt. 2 would be beneficial with respect to PAPR reduction.
In particular, for Alt. 2, multiple PUCCH resources having different UCI symbols can be configured to share the same RS symbol, for example, PUCCH resource A is configured with last UCI symbol and 2nd last RS symbol, and PUCCH resource B is configured with 2nd last RS symbol and 3rd last UCI symbol. Moreover, RS for Alt. 2 based short duration NR-PUCCH and SRS can be multiplexed within the same symbol with FDM manner (e.g. by using different subcarrier).
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Figure 1. Examples of design alternatives: (a) Alt. 1 and (b) Alt. 2

If we consider NR-PUCCH with more than two symbols, the design principle of Alt. 1 can be simply extended over more than two symbols. However, for Alt. 2, there can be following two options depending on the location of RS as shown in Fig. 2.

· Alt. 2-1: RS is located in the first symbol.

· Alt. 2-2: RS is located in the fixed symbol (e.g., second last symbol within a slot).

Compared with Alt. 2-1, Alt. 2-2 can be advantageous in terms of multiplexing with NR-PUCCH having different symbol length. For instance, NR-PUCCH shown in Fig. 2(b) can be multiplexed with the NR-PUCCH shown in Fig. 1(b) since the location of RS is common for both cases. If the same UCI (i.e., its coded bit) is transmitted over multiple symbols (or multiple sets of RBs), orthogonal cover code (OCC) can be applied in time domain (or frequency domain). Furthermore, PUCCH resource index can be determined based on OCC sequence index used for UCI and subcarrier index used for RS (if FDM is used for RS multiplexing between PUCCH resources of multiple UEs). 
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Figure 2. Examples of design alternatives: (a) Alt. 2-1 and (b) Alt. 2-2

Proposal 1: Following design alternatives are to be considered for multi-symbol NR-PUCCH.

· Alt. 1: Repetition of one-symbol NR-PUCCH structure over multiple symbols

· Alt. 2: TDM between RS and UCI

· Alt. 2-1: RS is located in the first symbol.

· Alt. 2-2: RS is located in the fixed symbol (e.g., second last symbol within a slot).

In RAN1#86bis meeting, one-symbol NR-PUCCH was agreed to be introduced, and during RAN1#87 meeting, several options for one-symbol NR-PUCCH was discussed in terms of RS/UCI multiplexing structure. If we consider PAPR increase by using FDM based RS/UCI structure and HARQ latency reduction, one-symbol NR PUCCH based on TDMed RS/UCI structure by symbol splitting with higher subcarrier spacing (SCS) than UL data channel seems to be a reasonable option. However, since changing SCS for NR-PUCCH could be a burden to UE implementation, at least 2-symbol duration NR-PUCCH based on TDMed RS/UCI structure (without symbol splitting or SCS changing) is to be supported for NR. In addition to this, 2-symbol duration NR-PUCCH based on FDMed RS/UCI structure can also be considered for efficiency of UL resource utilization. And, further study is necessary on whether/how to support other number of symbols for short duration NR-PUCCH format.
Proposal 2: At least 2-symbol duration NR-PUCCH format based on TDMed RS/UCI structure is to be supported. FFS on whether/how to support other number of symbols for short duration NR-PUCCH format.

2.2. NR-PUCCH location
According to the agreement stated in Section 1, there is a FFS part related to the position of NR-PUCCH transmitted in short duration. Short duration NR-PUCCH around last transmitted symbols in a slot was already agreed and it seems necessary to support NR-PUCCH transmission within a DL dominant slot and support K1=0 (i.e., K1 is defined as the timing gap between DL data reception and corresponding acknowledgement). Considering UL control symbol duration (i.e., the number of symbols used for UL control transmission) in a slot would be varied depending on amount of UE with UCI feedback in the slot, it may be required to introduce the dynamic signalling to indicate the PUCCH symbol index allocated for each UE. With this signalling, PUCCH position can be indicated to earlier symbol than the last symbol, which can provide gNB processing time for preparing DL data retransmission. 
In addition, we can consider short duration NR-PUCCH location around first transmitted UL symbols in a slot to reduce HARQ round trip time for the UE not supporting K1=0. To be specific, short duration NR-PUCCH can be configured to be transmitted before UL data in a certain slot type (e.g. consisting of {DL control, GP, UL control, UL data} sequentially), and it could be useful for relaxation of HARQ processing time budget in both UE (for HARQ-ACK feedback) and gNB (for preparing retransmission) sides. In this case, DMRS symbol location for PUSCH and multiplexing between PUCCH and PUSCH may need to be considered compared to the case with PUCCH in the last symbol(s) within slot. 
Proposal 3: Consider short duration NR-PUCCH around first transmitted UL symbols in a slot.

2.3. NR-PUCCH multiplexing
In general, UL control region at network side can be configured with whole or part of system bandwidth in the frequency domain and one or multiple symbols in the time domain. Each NR-PUCCH can be transmitted within the network side UL control region and the amount of resource used for the NR-PUCCH can be different depending on UCI payload size and/or UE’s coverage situation. Furthermore, multiple UL control channels configured with same or different amount of resource can be multiplexed in FDM/TDM/CDM manner. For instance, multi-symbol NR-PUCCH and one-symbol NR-PUCCH can be multiplexed in FDM manner, and multiple one-symbol NR-PUCCHs can be multiplexed in TDM manner.

Proposal 4: Consider multiplexing between UL control channels having different duration (with different number of symbols) within UL control region.
3. Conclusion
In this contribution, we discussed the design of short duration NR-PUCCH, especially for NR-PUCCH composed of more than one symbol. The proposals of this contribution are summarized as follows.
Proposal 1: Following design alternatives are to be considered for multi-symbol NR-PUCCH.

· Alt. 1: Repetition of one-symbol NR-PUCCH structure over multiple symbols

· Alt. 2: TDM between RS and UCI

· Alt. 2-1: RS is located in the first symbol.

· Alt. 2-2: RS is located in the fixed symbol (e.g., second last symbol within a slot).

Proposal 2: At least 2-symbol duration NR-PUCCH format based on TDMed RS/UCI structure is to be supported. FFS on whether/how to support other number of symbols for short duration NR-PUCCH format.

Proposal 3: Consider short duration NR-PUCCH around first transmitted UL symbols in a slot.

Proposal 4: Consider multiplexing between UL control channels having different duration (with different number of symbols) within UL control region.
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