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1 Introduction

In 3GPP RAN1 NR Ad Hoc meeting [1], uplink control channel design was discussed and the followings were agreed:
· 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.
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
Sequence based transmission has been discussed in [2], which is particularly preferred for small payload size case. Either coherent demodulation based method or non-coherent demodulation based method can be considered for sequence based transmission. When coherent demodulation based method is considered for sequence based transmission, RS and UCI can be multiplexed by FDM or CDM. In this paper, short duration PUCCH transmission scheme for small payload size is discussed. In addition, the contribution will also discuss 2-symbol duration PUCCH design for smaller payload sizes.
2 Discussion
2.1 1-symbol PUCCH with small payload size
2.1.1 Design Criterion for 1-symbol PUCCH
Following criteria should be considered

· Multiplexing Capability

Multiplexing capability is crucial for small payload size transmission to save overhead. Hence keeping the maximum multiplexing capability is preferred. Similar to LTE, in one RB in one symbol, up to 6 orthogonal cyclic-shifted sequences can be allocated. Assuming one sequence for RS and another sequence for carrying QPSK symbol, up to 3 UE can be supported within one RB in one symbol. 
· Low PAPR/CM

Low PAPR/CM can ensure more opportunity to use 1-symbol duration PUCCH transmission scheme with a certain performance requirement. 1-symbol duration PUCCH transmission can provide fast HARQ-ACK and CSI to support fast HARQ and link adaptation without too much impact to the normal DL/UL transmission, hence lack of transmission energy inherently. Low PAPR transmission scheme can improve the performance of short duration transmission. 
· Frequency diversity support

Frequency diversity can improve the performance up to 3dB to enable more opportunity to use 1-symbol duration or save transmission power. When IMD is not an issue, frequency diversity should be supported. Hence both frequency diversity transmission scheme and non-frequency diversity transmission scheme should be considered.
Observation 1: Multiplexing capability, low PAPR, and frequency diversity support are all crucial to 1-symbol PUCCH for small payload size.

2.1.2 Transmission scheme of 1-symbol PUCCH

For the transmission scheme, there are two options:

· Opt 1: transmission scheme without coherent demodulation

· Opt 2: transmission scheme with coherent demodulation
For coherent demodulation scheme, there are two options:
· Opt 2a: CDM between UCI and RS
· Opt 2b: FDM between UCI and RS
Considering the small payload size particularly up to 2 bits, regardless of coherent vs. non-coherent, FDM vs. CDM, sequences design should be considered to multiplex multiple UEs. The sequence design should consider the multiplexing capability, low PAPR and frequency diversity at the same time. 

· Coherent vs. non-coherent

Non-coherent transmission scheme has the low multiplexing capability for more than 1 bit. 
For the option 1, when one UE needs to transmit 2 bits HARQ A/N, 4 orthogonal sequences will be occupied, which causes the limited multiplexing capability. Usually, only 6 cyclic shifts can be used for a 12-length computer generated sequence (CG sequence). 4 orthogonal sequences for one UE means 12-length sequence can only support one UE’s transmission. What is more, caused by the multipath interference, increasing length of sequence cannot increase available number of cyclic shift directly. Hence, option 2, which can supply stronger multiplexing capability, should be considered.
· CDM vs. FDM

With CDM, RS or UCI can use every subcarrier, which potentially has the more random interference. FDM may have the benefit to support flexible frequency resource allocation in case of large payload size scenario. Regarding FDM for small payload size scenario, low PAPR design for both frequency diversity case and non-frequency diversity case should be considered.
With the aforementioned principles, for the FDM scheme, one feasible solution can be found in [3] wherein through frequency repetition and phase rotation, FDM scheme can keep low PAPR property in one symbol PUCCH. In this contribution, we will the focus on the CDM scheme design.
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Figure 1. CDM scheme without low PAPR 

A straightforward CDM scheme is that UCI and RS use two 12-length orthogonal sequences and occupy same time-frequency resource to transmit them without any special handling, which is shown in Figure 1.

But obviously, the single carrier property is broken in this transmission scheme, which makes low PAPR cannot be kept. Simulation results in Appendix 1 show more than 3dB CM value. Note that usually CGS can have about 1dB CM value.
 Although low PAPR optimization of CDM scheme in one OFDM symbol is very challenging, it is preferred since the coverage of one symbol PUCCH can be enhanced to the best. In order to achieve this purpose, the following transmission scheme is considered: 

An example is shown in Figure 2, the sequence {di} i=1,2,…,k is generated by the cyclic shift from the sequence {ci} i=1,2,…,k. The sequence {qr} r=1,2,…,2k is constructed by the cyclically repetition of a K-length base sequence {di} i=1,2,…,k. While for sequence {pr} r=1,2,…,2k is constructed by the cyclically repetition of a K-length base sequence {ci} i=1,2,…,k. Besides, a cyclically repetition of a K-length base sequence {di} i=1,2,…,k, an additional phase rotation term (
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) is further imposed to each element.  
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Figure 2. An illustration of code division with repetition and phase rotation

The detailed 16 sequences can be found in Appendix 2, taking a 6-length sequence, another sequence is the cyclic shifted version of the 6-length sequences, where cyclic shift is 3. Modulation scheme for QPSK assume +1, -1, +i, -i. The cross-correlation taking account of the 6 shifted-version is less than 0.88. Since the application scenario of 1-symbol PUCCH transmission usually is not the cell edge, higher cross-correlation of sequences is not an issue. 
To verify the low PAPR property of proposed scheme, CM evaluation of CDM scheme with low PAPR using Appendix 2 is given in Table 1. For all the sequences, the CDM transmission scheme always has the 1.1782 CM value. From the simulation results, it can be seen that the PAPR/CM of CDM scheme with low PAPR is better than the CDM scheme without low PAPR (two 12-length sequences are transmitted in CDM manner). 
Table 1. PAPR/CM comparison of CDM scheme with & without low PAPR/CM
	
	CDM scheme with low PAPR/CM
	CDM scheme without low PAPR/CM

	CM
	1.1782dB (for 16groups)
	>3dB(refer to Appendix1)


Observation 2: CDM scheme with 16 group CGS sequences can have 1.1782dB CM for both frequency diversity scheme and non-frequency –diversity scheme, and have the maximal multiplexing capability.

Besides PAPR, SINR operation point of transmission scheme will impact the PUCCH coverage also. To analyze the coverage of proposed scheme completely, we simulated SINR operation point of two CDM schemes. 
· Transmission scheme 1:  CDM scheme without low PAPR
· Transmission scheme 2:  CDM scheme with low PAPR
In the simulation, both schemes use 12 subcarriers and 1 symbol to carry 1bit and 2 bits ACK/NACK. As shown in Figure 3, the results show that the SINR operation point of two transmission schemes are similar: for 1bit case, SINR operation points are about 5.8 dB; for 2 bits case, SINR operations point are about 8.4 dB. The detailed simulation assumptions can be found in the appendix 3.
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Figure 3. Simulation results of SINR operation point: (a) 1bit (b) 2bits

Frequency diversity is also supported by the proposed CDM scheme: As shown in the Figure 4, the original block and the repetition block can be mapped into two distributed frequency region respectively. When receiver demodulates the signals, receiver can process channel estimation and frequency domain equalization (FDE) on each block independently. By simulation, when frequency diversity is supported with the CDM scheme, the CM value is kept as 1.1782dB. 
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Figure 4. CDM scheme with frequency diversity
Based on the above discussions of CDM scheme with low PAPR, we have the following proposal:   

Proposal 1: Multiplexing of short duration UCI and its associated DMRS in CDM manner should be supported.
Proposal 2: Through frequency repetition and phase rotation keeping low PAPR property in one symbol should be supported for both frequency diversity transmission scheme and non-frequency-diversity transmission scheme.
2.2 2-symbol duration PUCCH with small payload sizes
Based on the agreement in the last meeting, a PUCCH in short-duration spanning 2-symbol duration of a slot was supported. For the design of PUCCH in 2-symbol duration, at least the following principles should be considered:
· Keep low PAPR property; 
· Support frequency diversity.
By these two principles, when transmit smaller payload sizes, reusing the CDM scheme of 1-symbol PUCCH structure should be considered. As shown in Figure 5(a), based on this structure reusing solution, frequency hopping in two symbols can be supported to get the frequency diversity gain. Or, if the gNB want to enhance the multiplexing capability among different UEs, disabling frequency hopping and enabling orthogonal code on each symbol can double the multiplexing capability, which is shown in Figure 5(b).
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Figure 5. 2-symbol duration PUCCH reuse CDM scheme of 1-symbol PUCCH structure
Another possible transmission scheme is UCI and RS are multiplexed in TDM manner. But the drawback of this TDM scheme is obvious:  it cannot support frequency hopping in these two adjacent OFDM symbols. So, when transmit smaller payload sizes, we think 2-symbol duration PUCCH reusing CDM scheme of 1-symbol PUCCH structure supplies the sufficient flexibility between coverage enhancement and multiplexing ability, it should be supported.

Proposal 3: For 2-symbol duration PUCCH to carry smaller payload sizes, reusing structure of CDM scheme of 1-symbol PUCCH should be supported.
3 Conclusion
In this contribution, one OFDM symbol PUCCH design is given. Based on above discussions, following observations and proposals are given. 
Observation 1: Multiplexing capability, low PAPR, and frequency diversity support are all crucial to 1-symbol PUCCH for small payload size.
Observation 2: CDM scheme with 16 group CGS sequences can have 1.1782dB CM for both frequency diversity scheme and non-frequency –diversity scheme, and have the maximal multiplexing capability.

Proposal 1: Multiplexing of short duration UCI and its associated DMRS in CDM manner should be supported.
Proposal 2: Through frequency repetition and phase rotation keeping low PAPR property in one symbol should be supported for both frequency diversity transmission scheme and non-frequency-diversity transmission scheme.
Proposal 3: For 2-symbol duration PUCCH to carry smaller payload sizes, reusing structure of CDM scheme of 1-symbol PUCCH should be supported.
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Appendix 1
	Sequence Group: u
	CM  of  s(n)+i*s(n+6)
	CM of s(n)+x(n)*s(n+6), x=(1+i)/sqrt(2),(1-i)/sqrt(2), (-1+i)/sqrt(2),(-1-i)/sqrt(2)

	14
	0.78080
	2.2483

	26
	1.16025
	2.3101

	6
	1.58426
	3.0105

	28
	1.63773
	1.9886

	13
	1.74531
	2.4332

	25
	1.75983
	2.5030

	21
	1.80650
	2.5876

	17
	1.81716
	2.1047

	3
	2.04517
	2.2684

	23
	2.06795
	2.5838

	1
	2.06795
	2.5838

	16
	2.17602
	1.8840

	24
	2.23158
	2.2618

	9
	2.28904
	1.8322

	18
	2.33947
	2.4758

	29
	2.46590
	1.9897

	8
	2.62159
	2.5535

	7
	2.63220
	2.9256

	27
	2.71305
	2.7364

	2
	2.85096
	3.1472

	4
	2.89224
	2.7091

	0
	2.96598
	2.6698

	12
	2.97067
	2.3841

	5
	3.04466
	2.2650

	10
	3.16086
	2.8166

	22
	3.21505
	2.4650

	20
	3.41983
	2.9329

	11
	3.43573
	2.9226

	15
	3.61615
	2.7110

	19
	3.78208
	3.2013


Appendix 2
	Length-6 sequences: 16 groups

Group

Length-6 sequences exp(pi*i*x(n)/4):x(n),n=0:5

0
-1, -3, -1,  3,  3, -3;

1
3, -3, -3,  1,  3,  1;

2
-1, -1,  3, -3,  3, -1;

3
3, -3, -1, -1, -1, -3;

4
-1, -3, -3, -3, -1,  1;

5
-3,  1, -3,  3,  1,  1;

6
1,  1, -1, -3,  1, -3;

7
1, -3,  3, -3,  1,  1;

8
-3,  1,  3,  1, -3, -3;

9
1,  3,  3,  3,  1, -1;

10
1,  1, -3,  3, -3,  1;

11
3,  1, -1, -1, -1,  1;

12
-1,  1, -3, -3, -1, -3;

13
-1, -3, -1, -1,  3, -3;

14
-1, -1, -1, -3,  3, -1;

15
1, -3,  3,  1,  1,  1;




Appendix 3
Table 2. Simulation assumption of link simulation
	Parameter
	Value

	Scheme
	Transmission scheme 2
	Transmission scheme 1

	FFT size
	2048
	2048

	System bandwidth
	20MHz
	20MHz

	sampling frequency
	30.72MHz
	30.72MHz

	Subcarrier number
	1 RB
	1 RB

	Modulate scheme
	BPSK
	QPSK

	Iteration number
	100,000
	100,000

	Channel environment
	TDL_C
	TDL_C

	Delay time
	300ns
	300ns

	UE speed
	30 Km/h
	30 Km/h

	Carrier frequency
	2GHz
	2GHz

	Number of Tx
	1
	1

	Number of Rx
	2
	2

	CP-length
	Normal
	Normal

	Sequence 
	6-length Computer generation sequence
	12-length Computer generation sequence


UCI





RS








_1547728552.unknown

Signal stream 2
{qr}
Signal stream 1
{pr}
d1
d2
dk
c1
c2
-d1
-d2
-dk
c1
c2
ck
…
…
ck
…
…



