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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#90e meeting, the “Enhancements for PUCCH formats 0/1/4” was approved. The objective of the work item is presented in [2]. The objective in [2] is:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
In RAN1#103e meeting [1], the following agreements were made:
It is recommended to further investigate potential enhancements to PUCCH to enable higher transmission power when regulatory limits apply. Further potential enhancements to spatial relation management for configured and/or semi-persistent UL signals/channels may be considered.
1. Majority of the sources have identified PUCCH format 0, 1, and 4 as potential candidates for enhancement.
1. Two sources have identified all PUCCH formats as potential candidates for enhancement.

In this contribution, we investigate different design options corresponding to the objective of the work item and we propose some ways to move forward.

2. Discussion
1 
2 
PSD and EIRP limited
According to the FCC regulations, the max UE conducted power depends on transmission bandwidth. The regulatory limits for maximum PSD needs to be considered for NR operation on the 60 GHz unlicensed band. For example, PSD limit of 23dBm/MHz is required in Europe while significantly lower limit of 13dBm/MHz is required in Korea. Different peak EIRP values are specified in RAN4 specification [3] . For power class 3 in transmission bandwidth n261, the min peak EIRP is 22.4dBm and the max peak EIRP is 43dBm [3], so the mid peak EIRP is 32.7dBm. Furthermore, during the study of NR operation in 52.6 GHz to 71GHz, the parameter “UE power Limitation” of system level evolution is set to “EIRP=25dBm” [4]. 
In Rel. 15, PUCCH formats 0, 1 and 4 are limited to 1 PRB allocation. In Table1, different peak of EIRP values for 1 PRB allocation is tabulated for different SCS values with 13dBm/MHz PSD limit. The maximum allowed EIRP can be increased by allocating more PRBs for PUCCH, especially in the case of lower SCS values. 
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Table 1: Number of RBs needed to transmit at PSD limit for different EIRP values
	SCS
	Number of RBs needed to transmit at EIRP=22.4dBm
	Number of RBs needed to transmit at EIRP=25dBm
	Number of RBs needed to transmit at EIRP=32.7dBm

	120 kHz
	6
	11
	64(4 with AG=12dB)

	480 kHz
	1
	2
	16(1 with AG=12dB)

	960 kHz
	1
	1
	8(1 with AG=12dB)



For low power UEs, e.g., with EIRP of 22.4dBm, the power requirement by FCC will not be the limiting factor for 480 kHz and 960 kHz SCS. But for 120 kHz SCS, transmission with the EIRP limit can only be achieved by allocating at least 6PRBs.
For higher power equipment, the conducted power does not need to be reduced below the FCC maximum value of 32.7dBm as long as the allocation is at least 64, 16, and 8 RBs for 120, 480 and 960 kHz SCS respectively. If such UE has a 2x2 antenna panel with total antenna gain of at least 12 dB, then only 20.7dBm conducted power is needed to reach the EIRP limit. The number of required RBs can be reduced to 4, 1 and 1 for 120, 480 and 960 kHz SCS.
As mentioned above, we can find that the number of required RBs is different for different UE classes even under the same PSD limit, because of the different EIPR limits. Furthermore, even if the UE classes are same, the number of required RB will be different when the UE antenna gain is different. 
[bookmark: _Toc53775919]The number of required RBs is different for different UE classes even for the same PSD limit, because of the different EIPR limits.
Even if the UE classes are same, the number of required RB will be different when the UE antenna gain is different.
In order to determine the number of required RBs, we should determine the limit of PSD and EIRP configuration firstly.
[bookmark: _Toc53776232]The   PSD limit and the supported EIPR value should be discussed in details before deciding the number of required RBs for different SCS for PUCCH format0/1.
[bookmark: _GoBack]
Sequence expansion in frequency domain for PUCCH format 0/1


To format 0/1，the sequence of  is computer-generated with low cross-correlation property and captured at  the lookup   table. The table of computer generated low cross-correlation sequence only supports sequences length less than 36.   The sequence expansion for  should be generated directly from truncated or expansion of Zadoff-Chu sequence. 
There are two options to expand the length of the sequence for PUCCH Format 0/1 in frequency domain. One is new design of longer sequence similar to that used for SRSs; the other is repetition in the frequency domain with application of appropriate necessary PAPR mitigation techniques. 
Longer sequences 
The Zadoff-Chu base sequences of length 36 or above can be used by truncation and expansion to align with the length of multiple PRBs

For ,the base sequence  is given by [5]


where




[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The length  is given by the largest prime number such that.
If the long sequence is introduced to enhance PUCCH format0/1, new PUCCH formats are also needed.
The Zadoff-Chu base sequences of length 36 or above   in NR can be used by truncation or expansion to align with the length of multiple PRBs. 
Repetitive sequences with low PAPR
If repetitions of the sequences used for PUCCH format 0/1 are introduced to meet the channel occupancy requirement, the PAPR is expected to increase with the number of repetition increase.
The PAPR results from different number of sequences repetition are shown in Figure1. From Figure 1, the PAPR increases in proportion to the increase of the number of repetitions.  The increased PAPR for the higher number of sequence repetitions would reduce the maximum Tx power, which reflect in the reduced the coverage of PUCCH.   Thus, the PAPR reduction is essential for the sequence repetition for PUCCH format 0/1.   

[image: ]
Figure 1: PAPR for Repetitive Sequences of different RBs

If sequence repetition is used for PUCCH format 0/1, PAPR increases as the number of repetition increases.
The method to reduce the PAPR can be discussed if repetitive sequences are supported.

Sequence expansion in frequency domain for PUCCH format4
For format 4, the sequence in NR could be expanded directly to support PUCCH of more than 1 PRB. The sequence in NR can be simply reused via removing the restriction on sequence length equal to 1 PRB.
For format 4, the sequence in NR can be simply reused via removing the restriction on sequence length.

3. Conclusions
This contribution discussed the PUCCH enhancements for the support of NR operation up to 71 GHz. We have the following observations and proposals,

· Observation 1: The number of required RBs is different for different UE classes even under the same PSD limit, because of the different EIRP limits.
· Observation 2: Even if the UE classes are same, the number of required RB will be different when the UE antenna gain is different.
· Observation 3: The Zadoff-Chu base sequences of length 36 or above   in NR can be used by truncation or expansion to align with the length of multiple PRBs.
· Observation 4: If sequence repetition is used for PUCCH format 0/1, PAPR increases as the number of repetition increases.

· Proposal 1: The PSD limit and the supported EIPR value should be discussed in details before deciding the number of required RBs for different SCS for PUCCH format0/1.
· Proposal 2: The method to reduce the PAPR can be discussed if repetitive sequences are supported.
· Proposal 3: For format 4, the sequence in NR can be simply reused via removing the restriction on sequence length.

4. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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