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1 Introduction

In 3GPP RAN1#88bis meeting [1], uplink control channel design was discussed and the followings were agreed:
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)

· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.

· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.

· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.
Based on the previous agreements, some possible schemes are given to do down-selection. In this contribution, we will analyze the candidates from multiplexing capacity, channel coding gain perspective. Then, based on the analysis and simulation results, the preferred option will be given.
2 Discussion
2.1 Structure of 2-symbol PUCCH with up to 2 bits
For the PUCCH payload with up to 2 bits, neither joint channel coding (option 1-2) nor conveying different UCIs on different symbol (option 2) needs to be considered. Repetition of 1-symbol scheme(option 1-1) is the simple choice for this case. 

The resource of 1-symbol with up to 2 bits in frequency domain is likely 1 PRB considering the very small payload size, which means frequency diversity and time domain OCC cannot be enabled simultaneously. To improve the flexibility of design, frequency hopping and time domain OCC can be set to two mutually-exclusive functions, while gNB can enable one function by the actual requirement as shown in Figure 1.

[image: image1.emf]Symbol 1 Symbol 2 Time

Frequency

+1

+1

+1

-1

Repetition

 

[image: image2.emf]Symbol 1 Symbol 2

Time

Frequency

Repetition






(a)  Enabling time domain OCC

  (b) Enabling Frequency hopping

Figure 1. 2-symbol PUCCH with up to 2 bits 
Proposal 1: For the 2-symbol PUCCH with up to 2 bits, repetition of 1-symbol NR PUCCH should be adopted, while frequency hopping and time domain OCC can be configured by gNB.
2.2 Structure of 2-symbol PUCCH with more than 2 bits
For the 2-symbol PUCCH with more than 2 bits, we classify the discussion into two cases by the resource usage of frequency domain on each symbol: 1 RB on each symbol and multiple RBs on each symbol. Based on the analysis on each case, we will give the preferred structure.
· Case1 - 1 RB on each symbol
For the 1 RB on each symbol, we will analyze the advantages and drawbacks of all candidates, which are shown in Figure 2.
· Option 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH. This option can choose the frequency diversity gain or more multiplexing capacity flexibly by enabling frequency hopping or time domain OCC (only one function is enabled for a given time interval)
· Option 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols. Frequency diversity gain can be obtained, and joint coding between two symbols can obtain more channel coding gain;
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs. In our opinion, different UCIs transmitted on different symbols are separately encoded. Even though frequency hopping is enabled, this scheme cannot obtain the frequency diversity gain because each frequency hopping part is independent encoded. On the other hand, even though frequency hopping is disabled, this scheme cannot enable time domain OCC to improve multiplexing capacity since different UCIs are carried between two symbols  
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                (a) Option 1-1

                         (b) Option 1-2


              (c) Option 2
Figure 2. 2-symbol PUCCH with more than 2 bits (case 1)
Based the previous analysis, we can get the following observation:
Observation 1: For the structure of 2-symbol PUCCH with more than 2 bits, if 1 RB is occupied on each symbol, there is no advantage on option 2 compared to option 1-1 and 1-2.
· Case2 - Multiple RBs on each symbol
For the multiple RBs on each symbol, since distributed mapping on each symbol can be adopted, all three options can get the frequency diversity gain, so the comparison focuses on multiplexing capacity and channel coding gain. 

· For the multiplexing capacity, option 1-1 outperforms other schemes, since it can support time domain OCC. 
· For the channel coding gain, option 1-2 outperforms option 1-1 by the higher coding rate, while it also outperforms option 2 by the longer length of code block.

[image: image6.emf]Symbol 1 Symbol 2

Time

Frequency

+1

+1

+1

-1

Repetition



 EMBED Visio.Drawing.15  [image: image7.emf]Symbol 1

Symbol 2

Frequency

Time

Joint Coding



[image: image8.emf]Symbol 1 Symbol 2

Time

Frequency

Independent

Coding

Independent

Coding


                           (a)  Option 1-1

                    (b)
Option 1-2


             (c) Option 2
Figure 3. 2-symbol PUCCH with more than 2 bits (case 2)
Based the previous analysis, we can get the following observation:
Observation 2: For the structure of 2-symbol PUCCH with more than 2 bits, if multiple RBs are occupied on each symbol, option 2 cannot supply the best performance on multiplexing capacity and channel coding gain.
According to observation 1 and observation 2, the following proposal can be concluded:

Proposal 2: At least option 2, i.e. 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs, is precluded for the structure of 2-symbol PUCCH in NR.
· Comparison between option 1-1 and option 1-2

Based on the proposal 2 given above, the scheme for more than 2 bits should be selected from option 1-1 and option 1-2. In this section, link level simulations are implemented to compare the performance between two candidates, while the corresponding simulation assumptions can be found in the appendix. 
For the case 1 (1 RB in each symbol), simulation results are shown in Figure 4. Compared with option 1-1, we can find that option 1-2 has 0.3 dB to 0.4 dB gain for 6 bits case. But for the 4bits case, two candidates show the similar performance. 
As shown in Figure 5, for the case 2 (2 RBs in each symbol), performance difference between option 1-1 and option 1-2 is similar with case 1, while option 1-1 & 1-2 can obtain the frequency diversity gain by distributed mapping both. 
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Figure 4. 1RB on each symbol, 1/3 DMRS overhead, 4 bits & 6 bits
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Figure 5. 2 RBs on each symbol, 1/3 DMRS overhead, 8 bits & 12 bits
From the previous analysis and simulation results, we can have the following observation:
Observation 3: For the multiplexing capacity, option 1-1 outperforms option 1-2 by enabling time domain OCC; for the BLER, difference of performance between option 1-1 and option 1-2 is negligible especially with increased RBs in frequency domain. 
Above all, to simplify the specification effort, option 1-1 can be adopted as the choice for the 2-symbol PUCCH with more than 2 bits.

Proposal 3: For the 2-symbol PUCCH with more than 2 bits, option 1-1 (repetition of 1-symbol NR PUCCH) should be adopted.
3 Conclusion
In this contribution, structure of 2-symbol PUCCH is given. Based on above discussions, following observations and proposals are given. 
Observation 1: For the structure of 2-symbol PUCCH with more than 2 bits, if 1 RB is occupied on each symbol, there is no advantage on option 2 compared to option 1-1 and 1-2.
Observation 2: For the structure of 2-symbol PUCCH with more than 2 bits, if multiple RBs are occupied on each symbol, option 2 cannot supply the best performance on multiplexing capacity and channel coding gain.

Observation 3: For the multiplexing capacity, option 1-1 outperforms option 1-2 by enabling time domain OCC; for the BLER, difference of performance between option 1-1 and option 1-2 is negligible especially with increased RBs in frequency domain.
Proposal 1: For the 2-symbol PUCCH with up to 2 bits, repetition of 1-symbol NR PUCCH should be adopted, while frequency hopping and time domain OCC can be configured by gNB.
Proposal 2: At least option 2, i.e. 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs, is precluded for the structure of 2-symbol PUCCH in NR.
Proposal 3: For the 2-symbol PUCCH with more than 2 bits, option 1-1 (repetition of 1-symbol NR PUCCH) should be adopted.
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Appendix
Table 1. Simulation parameters

	Parameter
	Value

	Carrier Frequency
	2 GHz

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	No. of subcarriers per PRB
	12

	PRB number 
	1 RB

	antenna configuration
	1Tx * 2Rx

	Channel model
	TDL-C (300 ns) 

	UE velocity
	3 km/h

	Payload size
	4 bits &6 bits for case 1
8 bits &12 bits for case 2

	Modulation
	QPSK

	Performance metric
	Required SNR for B(L)ER of 1 %
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