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1 Introduction
The following agreements on PUCCH in short-duration were achieved in the RAN1#88bis meeting [1]. 
	· 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
· FFS following cases:

· If SR only

· If with SR + other UCI;
· This does not imply the necessity of special SR design 

· FFS whether the design may or may not depend on the frequency range
· At least for 1 symbol short-PUCCH with more than 2 bits, the following is supported.
·  RS and UCI are multiplexed in FDM manner in the OFDM symbol where RS and UCI are mapped on different subcarriers and coherent demodulation are supported.
· FFS: Details on RS

· FFS: whether to support option 6 (pre-DFT)

· FFS: for 1 and 2 bits

· 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.
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.

· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.

· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH

· FFS: other multiplexing scheme(s) between the two NR-PUCCHs

· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
· For 1-symbol short PUCCH with > 2 UCI bits, the following is supported for the agreed Option 1:

· QPSK for UCI

· X1 to X2 PRBs can be configured to support various UCI payload sizes

· Both localized (contiguous) and distributed (non-contiguous) allocations are supported 

· FFS: detailed PRB allocations and signaling of the configuration

· FFS: values of X1, X2

· DMRS overhead: down-select among the following options:

· Option 1: one value (e.g., 1/2, 1/3, 1/4, 1/5, …)
· Option 2: multiple values depending on, e.g. UCI payload size etc.


In this contribution, we mainly present our considerations on the UL control structure in short duration. Different PUCCH formats are discussed for more than 2-bits payload. Comparisons among different options are also given based on link-level simulation. For up to 2 bits, the short NR-PUCCH format design can be found in our accompany contribution [2].
2 Short NR-PUCCH for more than 2 bits
2.1 1-symbol PUCCH design For more than 2-bit UCI transmission, FDM of RS and UCI can be used. Meanwhile, a low PAPR/CM design should also be considered for coverage limited scenarios. 
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Figure-1: 1-symbol PUCCH format for more than 2 bits
Figure-1 illustrates three options for more than 2-bit UCI transmission in the 1-symbol PUCCH. For Alt 1-1, a normal FDM design with RS and UCI interlaced in the frequency domain is given. The RS overhead in Alt 1-1 is 50%. To achieve low PAPR/CM, Alt 1-2 is considered. Repetition and sign inversion is applied for the signal generation. Figure-2 below illustrates a more detailed signal generation procedure for Alt 1-2. With such an operation, a low CM can be kept compared to the traditional IFDMA case.
[image: image2.emf]0

d0

0

d1

……

0

0

96-point 

DFT

Sign 

inverter

QPSK

d23

0

-d0

0

-d1

……

0

0 -d23

RS0

D0

RS1

D1

……

RS23

0 D23

RS0

-D0

RS1

-D1

……

RS23

0 -D23

0

D0

0

D1

……

0

0 D23

0

-D0

0

-D1

……

0

0 -D23

RS Generator

(length-24)

RE 

mapping

IFFT

Signal_T

 Figure-2:  Signal generation for Alt 1-2.
The CM property of the three alternatives is given in Table-1. It can be seen that the CM property of the proposed scheme (Alt 1-2) is very close to that of the DFT-s-OFDMA QPSK. It is only about ~0.2 dB higher for both mean CM and maximum CM. It can further be observed that there is more than 1dB benefit compared to the traditional IFDMA scheme (Alt 1-1). 
Table-1: CM property of different signal generations
	Cases
	Mean
	Max
	Medium

	Alt 1-1
	2.4586
	3.9893
	2.4472

	Alt 1-2
	1.4197
	3.1171
	1.3925

	UL QPSK
	1.1871
	2.8472
	1.1612


Observation 1: The CM of IFDMA scheme with CM reduction is 1dB lower than the traditional IFDMA scheme without CM reduction and only ~0.2dB higher than UL QPSK. 

Link level performance of Alt 1-1 and Alt 1-2 are compared for different UCI payloads. The code rate is one of the main factors affecting the performance. The UCI payload and the required SNR to satisfy P (A->N/D) are listed in Table-2 and Figure-3. The performance simulation assumptions are given in the Appendix. From the simulation results, it can be found that the performance difference increases as the UCI payload increases. In the low coding rate region, the performance of these two alternatives is similar. As the UCI payload increases, when the effective code rate for Alt 1-2 exceeds 0.5, the performance of Alt 1-2 gets worse compared to Alt 1-1. However, considering that the uplink control channel usually is the bottleneck of the system, the used coding rate for UCI should not be very high. Taking also the CM property into account, Alt 1-2 can work well for low to medium UCI payloads (where the CR is not larger than 0.5)
Table-2: Code rate and required SNR for 1-symbol PUCCH
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Alt 1-1 0.166667 0.208333 0.25 0.291667 0.333333

Alt 1-2 0.333333 0.416667 0.5 0.583333 0.666667

Alt 1-1 3.12 4.15 4.85 5.1 5.82

Alt 1-2 2.77 4.15 5.1 6.1 7.27
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Proposal 1: A low PAPR/CM design should be considered for the 1-symbol NR-PUCCH. For 1-symbol NR-PUCCH, the UCI and RS are interlaced in frequency domain with repetition and sign inversion (UCI part only) to achieve low PAPR/CM.

2.2 2-symbol PUCCH design For the 2-symbol PUCCH design, the following options are considered from the agreement of RAN1 #88bis.
	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


Based on the above agreement and the 1-symbol PUCCH design as mentioned in section 2.1, we consider the following options for the 2-symbol PUCCH as illustrated in Figure-3. 
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Figure-3: 2-symbol PUCCH format for more than 2 bits
There are many factors affecting the link level performance, such as the code rate, the enabling of frequency hopping and the accuracy of the channel estimation. The code rate for each option is presented in Table-3, where Option 1-1 and Option 3-2 achieve the same code rate, as well as Option 1-2 and Option 2. Option 3-3 achieves the lowest code rate. Frequency hopping is enabled for Option 1-1, 1-2, 3-1 and 3-2, while no frequency hopping is applied for Option 3-3 and Option 2. The accuracy of channel estimation for Option 2 is expected to be best. 

The link level simulations for all these options are listed in Table-3 and Figure-4. 

Table-3: Code rate and required SNR for 2-symbol PUCCH
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Option 1-1 0.166667 0.208333 0.25 0.291667 0.333333 0.416667 0.5 0.58333 0.66667 0.75 0.83333 0.91667

Option 1-2 0.083333 0.104167 0.125 0.145833 0.166667 0.208333 0.25 0.29167 0.33333 0.375 0.41667 0.45833

Option 3-1 0.333333 0.416667 0.5 0.583333 0.666667 0.833333 1

Option 3-2 0.166667 0.208333 0.25 0.291667 0.333333 0.416667 0.5 0.58333 0.66667 0.75 0.83333 0.91667

Option 3-3 0.066667 0.083333 0.1 0.116667 0.133333 0.166667 0.2 0.23333 0.26667 0.3 0.33333 0.36667

Option 2 0.083333 0.104167 0.125 0.145833 0.166667 0.208333 0.25 0.29167 0.33333 0.375 0.41667 0.45833

Option 1-1 -1.03 -0.18 0.77 1.21 1.82 3.09 4.29 5.41 6.57 7.83 9.41 11.6

Option 1-2 -1.03 -0.22 0.73 1.16 1.82 2.9 3.77 4.69 5.25 6.35 7.06 7.69

Option 3-1 -1.23 -0.1 1.12 2.24 3.18 5.67

Option 3-2 -1.23 -0.29 0.71 1.26 1.65 3.1 4.12 5.43 6.53 7.75 9.31 11.3

Option 3-3 -2.06 -1 0 0.42 1.17 2 3.04 4.14 4.77 5.18 5.73 6.3

Option 2 -0.03 0.85 1.55 2.42 2.75 4.13 4.89 5.68 6.18 7.16 7.87 8.52
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Figure-4: Required SNR to satisfy P (A->N/D) <=0.01 for different payload for 2-symbol PUCCH
From the simulation results, we can find that:

· Option 3-1 is not preferred considering the supportable UCI payload. Option 3-1 is precluded for further comparisons.
· Similar performance is achieved for Option 1-1 and Option 3-2, since the code rate for these two options is the same and frequency hopping is enabled for both options. But note that there is about 1dB gain for option 3-2 when taking the CM property into account. 
· For Option 3-2 and Option 1-2, similar performance is achieved at small to medium payload, while better performance of Option 1-2 is achieved for larger payload (i.e., when the code rate is larger than 0.5).  But note that there is about 1dB gain for option 3-2 when taking the CM property into account. Therefore, Option 3-2 is better than Option 1-2 for small to medium payload (up to 56bits).
· The performance of Option 2 is worse than that of Option 1-1 and Option 3-2 when the UCI payload is smaller than 48 bits, while better performance is achieved when the UCI payload exceeds 48 bits. From Table-3 we can see that the code rate of Option 2 is half of Option 1-1/3-2. That means, the gain achieved from frequency hopping is larger than the gain achieved from low code rate for given payloads. But when the code rate for Option 1-1/3-2 is too large (larger than 0.5), the gain achieved from frequency hopping can not offset the performance loss due to high code rate. 
· The performance gap between Option 2 and Option 1-2 is about 1dB. Frequency hopping is enabled for Option 1-2, but better channel estimation is expected for Option 2
· Option 3-3 achieves the best performance for all the simulation cases. 
As mentioned above, the code rate for UCI should not be very high. Thus, both Option 3-2 and Option 3-3 are preferred for further study.
Proposal-2: A low PAPR/CM design should be considered for 2-symbol NR-PUCCH, e.g. Option 3-2 and Option 3-3 (carrying a large payload size of UCI, RS and UCI are multiplexed in FDM manner in the first symbol and only UCI is carried on the second symbol without RS)
3 Conclusion

In summary, this contribution provides the following observation and proposals:
Observation 1: The CM of IFDMA scheme with CM reduction is 1dB lower than the traditional IFDMA scheme without CM reduction and only ~0.2dB higher than UL QPSK. 

Proposal 1: A low PAPR/CM design should be considered for the 1-symbol NR-PUCCH. For 1-symbol NR-PUCCH, the UCI and RS are interlaced in frequency domain with repetition and sign inversion (UCI part only) to achieve low PAPR/CM.
Proposal-2: A low PAPR/CM design should be considered for 2-symbol NR-PUCCH, e.g. Option 3.2 and Option 3.3 (carrying a large payload size of UCI, RS and UCI are multiplexed in FDM manner in the first symbol and only UCI is carried on the second symbol without RS)
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Appendix-A 

Table-A1: Simulation Assumptions

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	1/2 symbols

	Channel model
	TDL-A, DS=100ns.

	UE speed
	3km/h

	Antenna configuration
	1Tx(UE), 2 Rx(end)

	CP length
	Normal

	Modulation mode
	QPSK

	Channel estimation
	Practical channel estimation

	Number of HARQ-ACK
	8/12/16/20/24/32/40/48/56/64/72/80

	CRC length
	8  

	Channel coding 
	TBCC
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