3GPP TSG RAN WG1 Meeting #89
R1-1706950
Hangzhou, China, 15th -19th May 2017
Agenda Item:
7.1.3.2.1
Source:
Huawei, HiSilicon
Title:
Structure of 1-symbol PUCCH for up to 2 bits
Document for:
Discussion and decision 
1 Introduction

In 3GPP RAN1 NR Ad-Hoc meeting in January [1], FDMed UCI and RS were agreed for 1-symobl PUCCH:
· 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.
In 3GPP RAN1 #88 and #88bis meeting [2] [3], the following agreements were made for 1-symbol PUCCH design:
· For a given UCI payload, short-PUCCH is designed such that:

· UE multiplexing capacity can be less than that of long-PUCCH

· Performance including at least the following:

· Frequency-diversity

· Interference-diversity

· PAPR/CM and emission

· RS overhead

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with short-PUCCH
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.

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

· UCI can be sequence

· FFS: low PAPR design is applied

· Option 4: Sequence selection with low PAPR

In this contribution, we will discuss the design criterion for 1-symbol PUCCH and provide our proposals for down-selection. 

2 Discussion
2.1 Design criterions for 1-symbol PUCCH with 1 or 2 bit(s)
· Multiplexing Capability

UE multiplexing capacity of short PUCCH is very crucial for small payload size transmission for overhead reduction, although it can be less than that of long-PUCCH. Hence to maintain the multiplexing capability as much as possible is preferred for 1-symbol PUCCH.

· Low PAPR/CM

The 1-symbol PUCCH can provide fast HARQ-ACK and CSI report to support fast HARQ and link adaptation without heavy impact on the normal DL/UL transmission. However, due to time length limitation, the 1-symbol PUCCH structure/signal is not supposed to carry more transmission energy or achieve SNR improvement via structure design in time domain as it can be done for long duration PUCCH such as time domain OCC, which inherently imposes low PAPR/CM requirement on short duration PUCCH.
Just 
as analysis in our contribution [4], low PAPR/CM transmission scheme can indeed improve the coverage performance of short duration PUCCH. Compared with non-low PAPR/CM scheme, a low PAPR/CM scheme will reduce PAPR about 1.6 dB.  Based on the Hata model used in [5], this 1.6 dB gain will bring the coverage distance of short PUCCH increment of 10%, which actually implies about coverage area improvement of about 21%. In other words, if users are equally distributed in a whole cell, about 20% users will benefit from faster HARQ-ACK and CSI feedback.
2.2 Options for 1-symbol PUCCH with 1 or 2 bit(s)
According to the agreements in the last meeting, one of the two options will be down-selected for 1-symbol PUCCH with 1 or 2 bit(s). Based on the above design criterions, we will compare these two options and give the preferred option.
2.2.1 Option 4: Sequence based design without RS
Considering two codewords transmission and CBG based transmission, 2 bits for HARQ ACK/NACK feedback will be a common scenario. For design based on Option 4, one user will occupy 4 orthogonal sequences to report 2 bits HARQ ACK/NACK. 
Considering the very small payload size, the resource of 1-symbol with up to 2 bits in frequency domain is 1 RB likely. Within 1 RB in frequency domain, 12-length sequence can be used, such as a 12-length CG (computer generated) sequence.  To achieve the same multiplexing capacity with option 1 (As analyzed in the latter section, option 1 can multiplex 3 users in one RB), all 12 sequences will be used, which means the actual interval of cyclic shift is 1. When the transmitted sequence goes through the multipath channel, the “1-interval” cyclic shift will make it suffer from serious multipath interference of the sequences with the adjacent cyclic shift. So, option 4 cannot supply a good performance when it achieves the same multiplexing capacity with option 1. 
2.2.2 Option 1: RS and UCI multiplexed by FDM manner
Based on the analysis of short duration PUCCH in previous section, the design of short duration PUCCH must consider low PAPR/CM as an important performance metric. In RAN1 NR Ad-Hoc meeting, a low PAPR/CM FDM scheme was proposed in [6]: Using the even/odd part of 12-length CG sequence to carry UCI information, and the other part is used to carry RS, which is depicted as Figure 1.
[image: image1.emf] 

0

1

2

3

4

5

6

7

8

9

10

11

RS

X

BPSK/QPSK


Figure 1. Carrying UCI on the even part of sequence
The orthogonality between UEs using the same base sequence and different cyclic shift is testified in following contents:

Assumption:  UE1 uses the value of cyclic shift 
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in odd subcarriers, UE2 uses the value of cyclic shift 
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Note that: 
[image: image13.wmf](

)

6

2

12

2

1

1

1

1

2

jks

js

s

e

e

k

W

p

p

×

=

+

, the value of 
[image: image14.wmf]0

=

q

 in formula (3) if
[image: image15.wmf])

6

(mod

2

1

s

s

¹

, whereas 
[image: image16.wmf]6

=

q

if 
[image: image17.wmf])

6

(mod

2

1

s

s

=

. The orthogonality has been testified between UEs using the same base sequence and different cyclic shifts in odd subcarriers.

In a similar way to odd subcarriers, the orthogonality could be maintained between UEs using the same base sequence and different cyclic shifts in even subcarriers. So when the UEs use the same base sequence and different cyclic shift and UCI and DMRS are FDM, the orthogonality is maintained for different UEs.  The total number of available cyclic shift is 6 for the 12-length sequences without considering the multipath interference.
In addition, after carrying different modulation symbols, the set of CG sequences must comply with the following rules:

1. The transmission signal must keep the low PAPR/CM property (The CM value of one sequence means the maximum value of all cyclic shifted version, the cyclic shift value is in small enough granularity);

2. Any cyclic shifted versions of a given sequence must be of low cross-correlation with any cyclic shifted versions of other sequences (The cross-correlation value of two sequences means the maximum value of combination with all cyclic shifted version, the cyclic shift value is in small enough granularity);

3. Keep multiplexing capability. 
Based on these rules, we have tested 12-length sequences in LTE R8. The Table 3 of Appendix shows the CM/PAPR value of every sequence carrying modulation symbols. From the results, we can find that maximum CM value is 3.78208 dB and near 77% CM values is more than 2dB, the maximum PAPR value is 5.9160. The results showed that the LTE sequences do not match the design principle of short PUCCH. So, some new sequences need to be found for NR short duration PUCCH. 
When the modulation symbols belongs to the set of (+1, -1, +j, -j), 24 new computer generated sequences have been given in the Table 3 of Appendix. As shown in the Table 2, we can find the maximum CM value of all new 24 sequences are less than 1.1dB, the maximum PAPR value is less than 3.0706. In addition, the CDF curve of cross-correlation for 24 new 12-length sequences is shown in figure 2. We can find that 90% of cross-correlation values is below 0.6885.
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Figure 2. The CDF curve of cross-correlation for 24 new 12-length sequences
2.2.3 Summary for 1-symbol PUCCH with 1 or 2 bit(s)
By the previous analysis, we can summarize the advantages and disadvantages of two options in the following Table 1.
Table 1. Summary for the candidates of 1-symbol PUCCH with 1 or 2bit(s)
	
	Multiplexing capability
	Low PAPR/CM

	Option 4
	X
	O

	Option 1 with low PAPR
	O
	O


Based on the above summary of candidates for 1-symbol PUCCH with 1 or 2 bit(s), we have the following proposals:   
Proposal 1: For 1-symbol PUCCH with 1 or 2 bit(s), FDM scheme with low PAPR should be supported.
Proposal 2: To keep low PAPR/CM property and low cross-correlation after carrying different modulation symbols, some new 12-length sequences should be studied.
3 Conclusion
In this contribution, 1-symbol PUCCH for up to 2 bits design is given. Based on above discussions, following proposals are given: 
Proposal 1: For 1-symbol PUCCH with 1 or 2 bit(s), FDM scheme with low PAPR should be supported.
Proposal 2: To keep low PAPR/CM property and low cross-correlation after carrying different modulation symbols, some new 12-length sequences should be studied.
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Appendix
Table 2. New available 12-length CG sequences
	Sequence index
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	CM (dB)
	PAPR (dB)

	0
	x(n) = 3, 3,-3,-1, 3,-1, 3,-1,-3, 3, 3, 3
	0.85694
	  3.0102

	1
	x(n) = 1,-1, 1,-3,-3,-1, 1, 3, 1, 1,-3, 3
	0.85694
	   3.0101

	2
	 x(n) = -3,-1, 1, 1, 1,-1,-3, 3, 1,-3, 1, 3
	0.85694
	   3.0102

	3
	 x(n) = -3,-1, 3,-1,-3, 3,-3, 3, 3, 3,-3,-1
	0.85694
	   3.0101

	4
	 x(n) =  3, 1, 3, 1,-1,-3, 3,-3,-3,-1, 3,-3
	 1.06897
	   3.0096

	5
	x(n) =  3, 1,-1,-3,-1,-3, 3,-3, 1, 3, 3,-3
	  1.06897
	   3.0029

	6
	x(n) = 1, 3,-1, 1, 1, 3, 1,-1,-3, 3,-3, 3
	  1.06897
	   3.0096

	7
	x(n) = -1, 1, 1, 3,-1, 1,-1,-3,-1,-3, 3, 1
	  1.06897
	   3.0029

	8
	 x(n) = 1,-3,-3,-1,-3,-3,-1, 3,-3, 3,-1,-1
	 0.83684
	   3.0089

	9
	 x(n) = -1,-3,-1, 3, 3,-3,-3, 3,-1,-1,-3,-1
	  0.83684
	   3.0089

	10
	x(n) = 3, 1, 3, 3,-1, 1,-1,-3,-3, 1,-1, 1
	  0.83684
	   3.0066

	11
	x(n) = 3, 3,-3,-1, 3,-1, 1, 1, 1,-1,-3, 1
	  0.83684
	   3.0103

	12
	x(n) = -3, 3, 1, 3,-3, 3,-3,-1, 1,-1,-3,-1
	  0.83684
	   3.0706

	13
	x(n) = -3, 1, 3, 3, 1, 3,-1,-3, 1, 1,-1, 3
	  0.83684
	   2.9898

	14
	x(n) = -1,-3, 3,-3,-3, 3,-1, 1,-1,-3,-1, 1
	  1.06897
	   2.9871

	15
	x(n) =1, 3, 1,-1 -3,-1,-1,-3,-3,-1, 1,-1
	  1.06897
	   3.0048

	16
	x(n) =1,-1,-1,-3,-3,-3, 1,-3,-3,-1,-1, 1
	  0.83684
	   2.9749

	17
	x(n) = -1, 1,-1,-3,-1, 1, 1,-1, 3,-3,-1,-3
	  1.06897
	   2.9871

	18
	x(n) = 3,-1,-3,-3, 1,-1, 3,-3, 3, 3,-3, 1
	  0.83684
	   2.9898

	19
	x(n) = -1, 1,-1,-3, 1, 3,-1,-3,-1, 1, 3, 1
	  1.06897
	   3.0048

	20
	x(n) = 3,-3, 1, 3, 1, 1, 1,-3, 3, 1,-3, 3
	  0.83684
	   3.0103

	21
	x(n) = 3, 3,-1,-1 -1, 1, 1,-1,-1, 3,-1, 3
	  0.83684
	   2.9994

	22
	x(n) = 1, 3, 1, 3,-1,-1, 1,-3, 1,-1,-3, 3
	  0.83684
	   3.0102

	23
	x(n) =1,-3, 3, 3, 3, 1,-3,-1, 1, 1, 3,-1
	  0.83684
	   3.0088


Table 3．CM & PAPR value based on LTE 12-length sequence
	Sequence Group: u
	CM value
	PAPR value
	Sequence Group: u
	CM value
	PAPR value
	Sequence Group: u
	CM value
	PAPR value

	0
	2.96598
	5.4262
	10
	3.16086
	 5.5135
	20
	3.41983
	  5.1383

	1
	2.06795
	4.6678
	11
	3.43573
	   5.5533
	21
	1.80650
	   4.3406

	2
	2.85096
	4.9448
	12
	2.97067
	   4.7712
	22
	3.21505
	   4.9422

	3
	2.04517
	4.8145
	13
	1.74531
	   3.8230
	23
	2.06795
	   4.6678

	4
	2.89224
	4.9332
	14
	0.93105
	   3.4677
	24
	2.23158
	   4.5872

	5
	3.04466
	5.2288
	15
	3.61615
	   5.5097
	25
	1.75983
	   4.6146

	6
	1.58426
	4.1464
	16
	2.17602
	   4.0151
	26
	1.16025
	   3.6850

	7
	2.63220
	4.6546
	17
	1.81716
	   4.5313
	27
	2.71305
	   5.2329

	8
	2.62159
	 5.0408
	18
	2.33947
	   4.7195
	28
	1.63773
	   4.4441

	9
	2.28904
	 4.2597
	19
	3.78208
	   5.9160
	29
	2.46590
	   4.8500
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