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 Introduction
[bookmark: OLE_LINK3]In 3GPP RAN #90 plenary meeting in December 2020, a new WID RP-202925 [1] about supporting NR from 52.6 GHz to 71GHz was agreed.
According to the outcome of the study item on Supporting NR above 52.6GHz and leveraging FR2 design to the extent possible, this WI extends NR operation up to 71GHz considering, both, licensed and unlicensed operation, with the following objectives:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
In this contribution, we focus on enhancement for PUCCH format 0/1/4, and provide some initial evaluation results.
 On enhancements for PUCCH
According to ETSI [2], the maximum spectral density is applicable to the system as a whole when operated at the highest power spectral density level(EIRP). The maximum spectral power density is 23dBm/MHz, and the maximum RF output power is 40dBm.
Based on the conformance requirements mentioned above, in [5], the least number of PRB for low and high power level equipment with different SCS are calculated to reach the maximum EIRP. In [6], maximum EIRP for 1 PRB allocation is provided with 23 dBm/MHz and 13 dBm/MHz PSD limits respectively. It is known that the rel-15 PUCCH format 0/1/4 only occupy one PRB, then for 120kHz SCS with the maximum PSD, the transmit power will be far less than the maximum output power. Therefore, the number of PRBs for PUCCH format 0/1/4 should be increased.
In subsection 2.1, some considerations on the design of PUCCH format 0/1/4 in rel-15 and rel-16 are provided, and based on which we make some simulation in subsection 2.2 to check whether it can be extended to rel-17 for 52.6GHz~71GHz.
2.1 Enhancements on Format 0/1/4
For PUCCH format 0 and 1, with payload size 1~2bits, CGS sequence is selected as a common solution in LTE and NR. There are some advantages of sequence based PUCCH, such as low receiver complexity and CM/PAPR due to the auto-correlation properties. Besides, in terms of specification impact, enhancements on sequence based PUCCH may require less effort. Therefore, for small payload size, sequence based PUCCH is still the optimum choice in Rel-17.
For PUCCH format 4, with payload size larger than 2 bits, channel coding is used to carry the UCI. And 2 or 4 users can be multiplexed in the same PRB with block wise spreading in frequency domain. For enhancement of PUCCH format 4, simply extending the number of PRB to an appropriate value and maintain the same design as rel-15 can be considered.
In NR Rel-15, different UEs are configured with different cyclic shifts to indicate different states of HARQ ACK or SR. In NR Rel-16, in order to support the interlace structure, the number of PRB for PUCCH format 0 and 1 is increased to 10 or 11. For interlaced PUCCH, the cyclic shifts for each PRB is increased by a step equals to 5, ensuring the lower CM/PAPR for the entire sequence with length 10 or 11.
Considering the minimized spec impact, it is preferred to reuse the base sequence of length-12 CGS sequence in Rel-15, and extend the base sequence to multiple PRBs with different cyclic shifts for each PRB. The cyclic shifts could be defined as a series of increasing numbers with a certain step (e.g.5) for multiple continuous PRBs. In this contribution, this method can be denoted as CGS extended.
In rel-17, except for the specification impact, the enhancement of PUCCH format 0/1 may also need to consider the following requirements:
1.  CM/PAPR
2.  Detection performance
3.  Coverage.
In the following subsections, it is evaluated and analyzed on ZC sequence and extended CGS sequence with different sequence length according to the requirements above.
2.2 CM calculation
In order to minimize the spec impact, it is better to reuse the current design. So we firstly calculate the CM of sequence using the rel-15 CGS of length 12 with  X times repetition directly. And the CCDF of CM is shown in Figure 1.
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Figure 1 CM of direct-CGS repetition with different length
As shown in Figure 1, the CM value increases rapidly with the PRB number. And the CM at 95th percentile is about 3.6 dB even for 2 PRBs. It’s obvious that direct-CGS repetition sequence is not appropriate due to the high CM values for multiple PRBs, therefore this sequence is not considered in the analysis in this section..
Next in this section, the CM of ZC sequence and CGS extended sequence with different sequence length in granularity of PRBs are calculated and analyzed.
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Figure 2 CM of CGS and ZC for sequences with different length 
In Figure 2, the legend of “CGS extended,RBX” means the sequence is CGS extended sequence introduced in section 2.1, and the cyclic shift increased by a step of 5 from the first PRB to the last PRB, the legend of “ZC,RBX” denotes ZC sequence of low PAPR sequence generation in 38.211. The “RBX” in each legends is the number of PRB.
The CM at 95th percentile is listed in Table 1.
Table 1  CM values at 95th percentile of different number of PRBs for CGS and ZC sequence
	# RB
	2
	4
	6
	8
	10
	12
	14
	16
	20
	24
	28
	32
	36
	40

	CGS
	2.88
	3.79
	3.2
	2.38
	1.846
	1.49
	0.99
	1.50
	2.10
	2.34
	3.05
	3.63
	3.96
	4.57

	ZC
	2.01
	2.16
	2.24
	1.58
	1.853
	2.07
	2.30
	2.30
	2.30
	2.19
	2.25
	2.37
	2.27
	2.30


Note: In Table 1, “CGS” denotes CGS extended. 
From Figure 2 and Table 1, it can be seen that, for PRB number 10~20, the 95th percentile CM of “CGS extended” with the solid curve is lower than that of “ZC” with the dash curve. When the number of PRB larger than 20, the 95th percentile CM of CGS extended is increased with the number of PRB, while the CM of ZC sequence is stable.
Observation 1: The CGS extended sequence has lower CM than ZC sequence when the PRB number is 10~20, while the performance gets worse for other numbers of PRBs.
Observation 2: The CM of ZC sequence is always kept under 2.5dB with different PRB number.
2.3 Detection performance
The detection performance is shown in Figure 3, and the FAR is kept under 1%. The key simulation parameters are listed in Table 2.
Table 2 LLS simulation parameters
	Parameters
	Values or assumptions

	Carrier Frequency
	60GHz

	Sub-carrier spacing
	120kHz

	Channel Model
	TDL-C 100ns

	 Antenna configuration
	1T2R

	UE speed
	3km/h



In 52.6GHz~71GHz frequency band, phase noise is also a factor different from low frequency band. PUCCH is sequence or QPSK modulated symbols, which are not sensitive to phase noise. Therefore phase noise is not considered in this simulation.
[image: ]
Figure 3 PMD and error rate for different case
The legend “direct-CGS repetition,RBX” denotes repeating the rel-15 CGS with length 12 directly X times, here X is the number of PRB.
From Figure 3, we can see that the detection performance is similar for different cases under the same sequence length. The longer sequence length, the lower value of the PMD (P(ACK to DTX))and the error rate(P(NACK to ACK)).
Observation 3: The detection performance is proportional to the sequence length while independent of sequence types.
2.4 Coverage analysis
Based on the detection performance, the MCL calculation is provided in the following table. 
Table 3. Reported metrics for enhanced PUCCH format 0 and 1 performance evaluation(1 bit HARQ ACK detection)
	Number of PRB
	1
	10
	20

	SCS [kHz]
	120
	120
	120

	Bandwidth [MHz]
	1.44
	14.4
	28.8

	Noise level, Np (dBm) 
	-102.4
	-92.4
	-89.4

	Required SNR [dB](Measured for 1% missed detection with 1% false alarm)
	6.47
	-5.2
	-8.2

	Max Tx power (according to regulations) [dBm](max PSD=13dBm/Hz)
	8.6
	18.6
	21.6

	Max Tx power (according to regulations) [dBm](max PSD=23dBm/Hz)
	24.6
	34.6
	37.6

	Maximum coupling loss (MCL) [dB](max PSD=13dBm/Hz)
	104.5
	116.2
	119.2

	Maximum coupling loss (MCL) [dB](max PSD=23dBm/Hz)
	120.5
	132.2
	135.2


 
The MCL calculation is relative to the required SNR under the same Tx power and noise level assumption, since the  detection performance of different sequence types with the same sequence length is similar, MCL is also independent of sequence types. Therefore, in Table 3, the parameters and values are collected from ZC sequence. It is illustrated that with the increasing number of PRBs, the MCL value is also increasing. 
Observation 4: The coverage becomes better with sequence length increasing while independent of sequence types.

According to the Observation 1~4, sequence type only affects CM calculation, and sequence length shows impact on CM, detection performance and coverage. 
For CGS extended sequence, if the PRB number is about 10~20, the CM is lower than ZC sequence, but the CM fluctuates with the PRB number. As for ZC sequence, the CM is always stable and kept a low value with different number of PRBs. Both type of sequences are already introduced in NR, so they are both acceptable with limited spec impact to be the candidates in PUCCH format 0 and 1 for 52.6~71GHz. 
Proposal 1: Reuse the sequence based PUCCH format 0/1, further study on the sequence type and length based on CM/PAPR, detection performance and coverage analysis to select between CGS extended sequence and ZC sequence is needed. 

 Conclusion
[bookmark: OLE_LINK4][bookmark: _GoBack]In this contribution, we discuss the enhancement for PUCCH format 0/1/4 for 52.6~71 GHz frequency band and the observations and proposal are as follows.
Observation 1: The CGS extended sequence has lower CM than ZC sequence when the PRB number is 10~20, while the performance gets worse for other numbers of PRBs.
Observation 2: The CM of ZC sequence is always kept under 2.5dB with different PRB number.
Observation 3: The detection performance is proportional to the sequence length while independent of sequence types.
Observation 4: The coverage becomes better with sequence length increasing while independent of sequence types.
Proposal 1: Reuse the sequence based PUCCH format 0/1, further study on the sequence type and length based on CM/PAPR, detection performance and coverage analysis to select between CGS extended sequence and ZC sequence is needed. 
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