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1 Introduction
In 3GPP RAN1#86bis [1], the following agreements regarding to design principles of PUCCH are made : 
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:
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
Some remaining issues or further design considerations of PUCCH are discussed in this contribution. The topics include

· UCI content
· Formats of PUCCH
· Design for PUCCH in short duration
2 UCI content
In LTE, UCIs include SR, ACK/NACK, and CSI reporting.

When considering UCIs in PUCCH for NR, we discuss UCIs by three categories : “1. SR”, “2. ACK/NACK”, and “3. CSI/beam information”

1. SR

Dedicated periodic SR by PUCCH is supported in LTE. From the analysis of another our contribution [2], resource utilization of periodic SR is quite in-efficient. Contention-based-SR may improve the latency and provide better resource utilization. Therefore contention-based-SR shall be studied in NR, and to be supported if it is verified beneficial. In addition, latency reduction is an important performance index for NR, with help of early transmission of BSR, the latency can be reduced significantly. Therefore PUCCH supporting BSR (partial or whole) shall also be studied. Similarly, both non-contention-based and contention-based BSR shall be studied. Regarding to resource assignment for contention-based SR/BSR transmission, pre-configured contention resource and dynamic indication of contention resource shall both be studied. One example of dynamic indication of contention resource is as follows : a common DCI in slot #n may indicate that UEs are allowed to transmit contention-based SR/BSR in slot #(n+1).
2. ACK/NACK

ACK/NACK transmission by PUCCH shall be supported in NR. Similar to that of LTE, the number of ACK/NACK bits to be transmitted at one time instant may range from 1 to more than 10, and even larger.

3. CSI/beam information

“Whether periodic CSI reporting and beam related information reporting by PUCCH are necessary or not” depends on the reporting mechanism determined from corresponding technical fields.
Proposal #1: At least “dedicated periodic SR” and “ACK/NACK” as UCIs are supported in NR.

Contention-based SR/BSR shall be adopted in NR. FFS its details

FFS periodic CSI/beam information is transmitted in PUCCH or not

3 Format of PUCCH

It was agreed that there are two ways of transmission of PUCCH, i.e., PUCCH in long duration and PUCCH in short duration. One key motivation of PUCCH in long duration is to improve coverage, low PAPR techniques shall be considered. In addition, DFT-S-OFDM based waveform is agreed to be supported and targeted for link budget limited cases. Therefore, LowPAPR-sequence-based design as LTE format 1/1a/1b and DFT-S-OFDM based design as LTE format 3 shall be supported for PUCCH in long duration. To assure performance of PUCCH, frequency hopping may be applied. Since there are at least more than one symbol for PUCCH in long duration, the intuitive solution is the first few symbols and the last few symbols use different frequency bands.
Proposal #2: LowPAPR-sequence-based and DFT-S-OFDM based design shall be supported for PUCCH in long duration.

PUCCH in short duration is discussed in this paragraph. In case only few information bits to be transmitted, sequence-based design is a good choice for performance wise. If low PAPR sequence is applied, PAPR can also be confined. Therefore, LowPAPR-sequence-based design shall be supported in NR at least for few bits transmission. More analysis based on LowPAPR-sequence-based design is provided in Section 4. In case of many bits to be transmitted, OFDMA-based design may be considered
Proposal #3: LowPAPR-sequence-based design shall be supported for PUCCH in short duration at least for few information bits.

Contention SR/BSR is new in NR, and RAN1 shall study further it shall be transmitted by PUCCH in long or short duration.

Proposal #4: RAN1 to study the PUCCH format for contention SR/BSR. 
4 LowPAPR-sequence-based design for PUCCH in short duration
From our contribution R1-1609559 [3] in RAN1#86bis, one coherent design and two non-coherent designs based on LowPAPR-sequence are evaluated for PUCCH of one symbol. Main features of these three designs are as shown in Table 1, and summaries of comparison are listed in Table 2. The evaluation case is “SR + 2 bits ACK/NACK transmission”. It is noted that “SR only” or “ACK/NACK only” can be derived correspondingly.
Table 1. Main features of three compared designs for one-symbol PUCCH
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Table 2. Summary of comparison of three compared designs for one-symbol PUCCH
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Key observations are summarized as below
1. By using two PRBs, which are allocated near two band-edges, CD and ND-A have better BER of ACK/NACK. Although CD and ND-A have worse cubic metric compared to ND-B, the 3dB performance benefit is more important to the increase of cubic metric, which results in little larger UE current consumption. 
Proposal #5: Two distant PRBs (from frequency domain point of view) can be configured for PUCCH in short duration to benefit from frequency diversity.

2. Considering the BER performance, ND-B is ruled out. (It is noted that in Table 2, when we say BER performance is similar to that of LTE, it is conditioned that all these designs use the same total power. Since UL is power-limited, PUCCH in short duration still has coverage limitation.) The capacity of PUCCH is further taken into consideration, CD uses one LowPAPR-sequence with 2 different linear-phase-shift version, and ND-A uses one LowPAPR-sequence with 4 different linear-phase-shift version. With CD mechanism, more UEs can share the PUCCH resource. Therefore, CD mechanism is preferable.
Proposal #6: In LowPAPR-sequence-based design, one LowPAPR-sequence can be DMRS, and its linear-phase-shift version can carry UCI bits.

Block diagram of PUCCH design for one symbol is presented in Figure 1. The example is “SR + 2 bits ACK/NACK transmission”. In the example, SR is indicated by PRB selection. One LowPAPR-sequence is used for DMRS, and its linear-phase-shift version carries QPSK for 2 bits ACK/NACK. To obtain frequency diversity, two distant PRBs are allocated.
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Figure 1. Block diagram of PUCCH in short duration based on LowPAPR-sequence
5 Conclusion
Some remaining issues or further design considerations of PUCCH are discussed in this contribution. Based on the analysis and observations, we have the below proposals:
Proposal #1: At least “periodic SR” and “ACK/NACK” as UCIs are supported in NR.

Contention-based SR/BSR shall be adopted in NR. FFS its details

FFS periodic CSI/beam information is transmitted in PUCCH or not

Proposal #2: LowPAPR-sequence-based and DFT-S-OFDM based design shall be supported for PUCCH in long duration.

Proposal #3: LowPAPR-sequence-based design shall be supported for PUCCH in short duration at least for few information bits.

Proposal #4: RAN1 to study the PUCCH format for contention-based SR/BSR. 
Proposal #5: Two distant PRBs (from frequency domain point of view) can be configured for PUCCH in short duration to benefit from frequency diversity.

Proposal #6: In LowPAPR-sequence-based design, one LowPAPR-sequence can be DMRS, and its linear-phase-shift version can carry UCI bits.

6 Reference
[1] 3GPP, “Chairman’s Note RAN1#86”
[2] R1-1612138, “On contention based SR and uplink data transmission”, MediaTek Inc.

[3] R1-1609559, “Discussion on UL control channel design”, MediaTek Inc.
[image: image4.png]LTE As reference ~0.7 dB
D ACK/NACK and SR are similar to LTE. Similar to 2-cluser PUSCH;
~1.6dB.
SR is similar to LTE. . .
ND-A | ACK/NACK is similar to LTE for BPSK, f'lm;j‘; to 2-cluser PUSCH;
and is ~2dB better than LTE for QPSK. : .
s LTE PUCCH;
ND-B | SR and ACK/NACK are [-1, 3]dB worse than LTE | o 2 z

~0.7dB.




[image: image5.png]bo, b1
—

SR

Iy : one LowPAPR-sequence as DMRS

I, : linear-phase-shift version of Iy to carry QPSK

QPSK
Mod

[I—

Allocate to RB
PRB #(b+1)
or PRB#b

DMRS
L1 }
summation
L5} —
(carry QPSK)
r
- pp—
(carry QPSK)
summation
DMRS T
“To

PRB selection

Allocate to RB
PRB #a
or PRB #(a+1)

SR=0

R=1




[image: image6.png]Coherent design One LowPAPR-sequence | LowPAPR-sequence with another linear-phase-shift version
(CD) as DMRS to carry QPSK

Yes

el et G One LowPAPR-sequence with 4 different linear-phase-shift version (use two distant PRBs)

Presence of 4 different LowPAPR-sequence
(ND-A) o ;
represents 2 bits information

N/A One LowPAPR-sequence with 2 different linear-phase-shift version
Non-coherent design-B Presence of 2 different LowPAPR-sequence No
(ND-B) represents 1 bit information (use only one PRB)

The other bit is represented by choice of PRB

Note : The same mechanism is applied for SR in all the three designs. SR is represented by choice of PRB.




