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1. Introduction
In RAN4#99-e, a WF [1] on BS RF TX requirements for 52.6 – 71 GHz was approved.
In this contribution, we provide our views on remaining issues in WF.
2. Discussion
Fractionl bandwidth (FBW)
As per the WF [1], the agreements and the remaining issues concerning fractional bandwidth are shown as below:
	· Re-use fractional bandwidth concept from current FR2.
· Further study whether 6% is correct breakpoint for fractional bandwidth.


[bookmark: _Hlk509472332]From TR 38.803, Annex C, the element directivity can be expressed as:

                                                                                                                           (Equation 1)


Where,  is the antenna aperture in m2, generally, it is designed based on centre frequency of antenna, and  is the wave length in m.

The directivity difference, , in dB due to large supported bandwidth can be expressed as the difference between the directivity at fh  and the directivity at fc as:

                          (Equation 2)
Generally, the high frequency can be expressed as:

                                                                      (Equation 3)

Where,  is fractional bandwidth (FBW).
So, according to equation 3, the equation 2 can be further expressed as:

                                                                    (Equation 4)

[image: ]
Figure 2-1 relationship between directivity difference and fractional bandwidth(FBW)

Using equation 4, the relationship between directivity difference and fractional bandwidth (FBW) is shown in Figure 2-1. From figure 2-1, the directivity difference becomes bigger as fractional bandwidth becomes bigger. The directivity difference for FR2 operating bands and possible operating band in 52.6-71GHz is shown in table 2-1.
                Table 2-1 directivity difference for FR2 operating band and possible operating band in 52.6-71GHz
	NR operating band
	Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive
FUL,low   –  FUL,high
FDL,low   –  FDL,high
	Duplex mode
	Fractional bandwidth
	directivity difference(dB)

	n257
	26500 MHz – 29500 MHz
	TDD
	10.7%
	+/- 0.45

	n258
	24250 MHz – 27500 MHz
	TDD
	12.6%
	+/- 0.53

	n259
	39500 MHz – 43500 MHz
	TDD
	9.6%
	+/- 0.41

	n260
	37000 MHz – 40000 MHz
	TDD
	7.8%
	+/- 0.33

	n261
	27500 MHz – 28350 MHz
	TDD
	3%
	+/- 0.13

	Licensed band
	[66000 MHz – 71000MHz]
	TDD
	7.3%
	+/- 0.31

	Un-licensed band
	[57000 MHz – 71000MHz]
	TDD
	21.9%
	+/- 0.9 



           Table 2-2 directivity difference for higher band and lower band of  [57000 MHz – 71000MHz] in 52.6-71GHz
	NR operating band
	Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive
FUL,low   –  FUL,high
FDL,low   –  FDL,high
	Duplex mode
	Fractional bandwidth
	directivity difference(dB)

	Un-licensed band
	[57000 MHz – 71000MHz]
	TDD
	21.9%
	+/- 0.9 

	Lower band 
	[57000 MHz – 64000MHz]
	TDD
	11.6%
	+/- 0.48

	Higher band
	[64000 MHz – 71000MHz]
	TDD
	10.4%
	+/- 0.45



According to existing 6% breakpoint for fractional bandwidth, the un-licensed band ([57000 MHz – 71000MHz]) need to be separated to lower band ([57000MHz-64000MHz]) and higher band ([64000MHz-71000MHz]) to declare two EIRP. The directivity difference for lower band( [57000 MHz – 64000MHz]) and higher band ([64000MHz-71000MHz]) is +/- 0.48 and +/- 0.45 respectively, which are less than +/-0.5dB.  From perspective of antenna product, +/-0.5dB array accuracy is feasible. So FR2 6% breakpoint for fractional bandwidth can be reused for 52.6-71GHz.
Proposal 1: Re-use FR2 6% breakpoint for fractional bandwidth for 52.6-71GHz.

EIRP accuracy and TRP accuracy
As per the WF [1], the agreements and the remaining issues concerning EIRP accuracy and TRP accuracy are shown as below:
	· Re-use FR2 EIRP accuracy as baseline.
· Proponents of new EIPR accuracy limits (other than the current FR2 ones) should provide technical justifications in next RAN4 meeting.



The factors [2] which influence EIRP and TRP accuracy are but not limited to the following:

1) Transceiver unit accuracy;

2) Array accuracy, including sub-array gain accuracy, mismatch errors and insertion loss variations; 

3) Steer accuracy, including phase shift accuracy among transceiver units, and phase shifter accuracy.
Referring to TR 37.842 and TR 37.843, EIRP accuracy and TRP accuracy can be expressed as equation 1 and equation 2 respectively.

[dB]                                                                                                       (Equation 1)

 [dB]                                                                                                             (Equation 2)
      
 Table 2-3 Expected value for transceiver unit accuracy, Array accuracy, and Steer accuracy for 52.6-71GHz
	
Array accuracy
	
Transceiver unit accuracy
	
Steer accuracy

	0.5dB
	2.958dB
	1.6dB
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From above directivity difference for un-licensed band [64000 MHz – 71000MHz], the 0.5dB array accuracy is feasible. If FR2 EIRP accuracy (±3.4dB) and the TRP accuracy (±3dB) are reused for 52.6-71GHz, which can be divided into the transceiver unit accuracy , Array accuracy, and Steer accuracy using equation 1 and equation 2, the expected values for transceiver unit accuracy, Array accuracy, and Steer accuracy for 52.6-71GHz are shown in table 2-3. From perspective of AAU product, the above expected values are feasible. So the existing FR2 EIRP accuracy (±3.4dB) and the TRP accuracy (±3dB) for FR2 do not make implementation to restrictive, and they can be reused for 52.6-71GHz.
Proposal 2: Re-use existing FR2 EIRP accuracy (±3.4dB) and FR2 TRP accuracy (±3dB) for 52.6-71GHz.

OBUE
As per the WF [1], the open issues concerning OBUE are shown as below:
	· For licensed operation, further consider how to adjust OBUE for 52.6 – 71 GHz taking to account the larger channel bandwidths.




[bookmark: _GoBack]The NR operating bands for FR2 and their FDL,high – FDL,low are shown in 4th column in table 5.2-2. Maximum  FDL,high – FDL,low  is 4000MHz. The ΔfOBUE is only defined for Operating band characteristics for FR2 is FDL,high – FDL,low ≤ 4000 MHz in the Table 9.7.1-1 of TS 38.104.


Table 5.2-2: NR operating bands in FR2
	NR operating band
	Uplink (UL) and Downlink (DL) operating band
BS transmit/receive
UE transmit/receive
FUL,low   –  FUL,high
FDL,low   –  FDL,high
	Duplex mode
	FDL,high – FDL,low

	n257
	26500 MHz – 29500 MHz
	TDD
	        3000 MHz

	n258
	24250 MHz – 27500 MHz
	TDD
	        3250 MHz

	n259
	39500 MHz – 43500 MHz
	TDD
	        4000 MHz

	n260
	37000 MHz – 40000 MHz
	TDD
	        3000 MHz

	n261
	27500 MHz – 28350 MHz
	TDD
	         850 MHz



Table 9.7.1-1: Maximum offset ΔfOBUE outside the downlink operating band
	BS type
	Operating band characteristics
	ΔfOBUE (MHz)

	BS type 1-O
	FDL,high – FDL,low  < 100 MHz
	10

	
	100 MHz ≤ FDL,high – FDL,low  ≤ 900 MHz   
	40

	BS type 2-O
	FDL,high – FDL,low ≤ 4000 MHz
	1500


 
The possible licensed band in 52.6-71GHz is [66000 MHz – 71000MHz], its Operating band characteristics FDL,high – FDL,low is 5000MHz, which is greater than 4000MHz. So there is need to consider the ΔfOBUE for 4000 MHz ≤ FDL,high – FDL,low  ≤ 5000 MHz for licensed operating band. ΔfOBUE can be further discussed.
Proposal 3: Add maximum offset ΔfOBUE for 4000 MHz ≤ FDL,high – FDL,low  ≤ 5000MHz in 52.6-71GHz  for licensed band.  

OBUE mask for 52.6 – 71GHz need to be adjusted according to ACLR. If ACLR is reduced by x dB relative to 26dBc for 37 – 52.6 GHz, OBUE limit need to be increased by x dB relative to 37 – 52.6 GHz. The OBUE limits applicable in the frequency range 52.6 GHz-71 GHz are shown in the following table.
Table 9.7.4.3.2-3: OBUE limits applicable in the frequency range 52.6 – 71 GHz
	Frequency offset of measurement filter -3B point,  f 
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz  f < 0.1*BWcontiguous
	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	Min(-5 dBm, Max(Prated,t,TRP – (33-x) dB, -12 dBm))
	1 MHz

	0.1*BWcontiguous  f < fmax
	0.1* BWcontiguous +0.5 MHz  f_offset < f_ offsetmax
	Min(-13 dBm, Max(Prated,t,TRP – (41-x) dB, -20 dBm))
	1 MHz

	NOTE 1:	For non-contiguous spectrum operation within any operating band the limit within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap.



Proposal 4: If ACLR is reduced by x dB relative to 26dBc for 37 – 52.6 GHz, OBUE limit need to be increased by x dB relative to 37 – 52.6 GHz.


3. Conclusion
This contribution provides analysis on BS TX RF requirements for 52.6-71GHz for licensed operation. The following proposals and observations are concluded as follows:
Proposal 1: Re-use FR2 6% breakpoint for fractional bandwidth for 52.6-71GHz.
Proposal 2: Re-use existing FR2 EIRP accuracy (±3.4dB) and FR2 TRP accuracy (±3dB) for 52.6-71GHz.
Proposal 3: Add maximum offset ΔfOBUE for 4000 MHz ≤ FDL,high – FDL,low  ≤ 5000MHz in 52.6-71GHz  for licensed band.
Proposal 4: If ACLR is reduced by x dB relative to 26dBc for 37 – 52.6 GHz, OBUE limit need to be increased by x dB relative to 37 – 52.6 GHz.
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