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UE maximum output power limits, TRP and max EIRP
In the last RAN4 meeting the following agreement was made:
· Agree Max peak EIRP 43 dBm, max avg EIRP 40 dBm, maximum TRP 27 dBm. FCC limit is stated as conducted power, FFS how to address that in 3GPP TS.
For the FCC the peak output power shall not exceed a conducted power of 27 dBm, and the FCC allows “(3) For purposes of demonstrating compliance with this paragraph (e), corrections to the transmitter output power may be made due to the antenna and circuit loss.” For the 60 GHz UE there will be no way to measure conducted power, so the question is how to determine the antenna and circuit losses. TRP measures the radiated power after the losses are incurred, so using TRP fulfils the requirement.
Proposal 1-1: Use TRP to ensure the FCC total peak transmitter output power conducted requirement.
The FCC also limits total peak transmitter output power for bandwidths <= 100 MHz.  “(1) Transmitters with an emission bandwidth of less than 100 MHz must limit their peak transmitter output power to the product of 500 mW times their emission bandwidth divided by 100 MHz.” We propose to include this aspect in the TRP requirement, and to enact this limitation using NS signalling to the UE.
Proposal 1-2 : Use NS signalling to direct the UE to limit TRP for <= 100 MHz per the FCC directive.
In the EU ( [9] and [10] ) the transmit PSD is limited to 23 dBm/MHz for band c1 ([10]). This PSD should be reflected in the TS under NS signalling as directed by the nodeB.
Proposal 1-3: 23 dBm/MHz maximum PSD enacted through NS signalling.
Smartphone antenna array
We can make an antenna comparison to FR2-1. There are two aspects to antenna performance: the best gain it can muster over all directions, and the distribution of gain (spherical coverage). In this contribution, we focus on peak gain (10log(N)+Gelememt), where N is the total number of antenna elements and Gelememt is the elemental gain, because it directly relates to peak EIRP and REFSENS. Note that this quantity also absorbs UE packaging loss, phase shifter non-idealites, etc.
To make a comparison between FR2-1 and FR2-2 we assume the same number of elements for each ..is  4 elements. This is done to examine trends and in no way are we proposing 4 elements for FR2-2. 
[image: ]
4 element array gain comparison FR2-1 with FR2-2 added (from R4-2114480)
In FR2-2, antenna design can get challenging due to possibility of exciting slab modes that can siphon power away from the intended beam if care is not exercised in material choice and dimensions. The figure above assumes ‘smooth variation’ over frequency, i.e., there are no new mechanisms, like the slab mode, to reduce beam gain further.  The 4-element array gain can be roughly 4 dB lower at FR2-2 than at 48G, with the constraint of similar element count. 
To counteract the gain reduction for FR2-2 we can choose to increase the array element count from 4 elements per polarization to 16 elements per polarization. The 4x increase in element count results in an increase of 6 dB in array gain.
Observation 2-1: Increasing the number of array elements helps to counteract the increased losses inherent in FR2-2.
The wavelengths fpr FR2-2 are approximately half of FR2-1. This means the antenna elements are half as small in each dimension. So a 1x4 FR2-1 array takes up the same footprint as a 2x8 FR2-2 array.
Observation 2-2: 2x8 antenna array footprint for FR2-2 is essentially the same as FR2-1 1x4 footprint.
UE smartphone TX spatial coverage
Reference [3] identifies candidate (dB) values for gain drop from peak gain to gain along the 50th%ile direction for PC3 in n262. In the figure below the agreed spec value for n262 has been added.
The figure shows a trend line, and on the right shows the intersection of the trend line with the mid-band of 52.6 and 71 GHz. Note the trend intersect 64 GHz at 15 dB.
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Fig: PC3 gain drop range 
It is possible to work out expected EIRP spherical coverage performance in FR2-2 based on expected performance in FR2-1 bands. The primary contributor to EIRP drop is the spherical coverage of the antenna gain itself. We therefore focus on the differences in normalized antenna gain between both n262 and n259 vs 60 GHz. n259. In both n259 and n262, the simulated antenna gain has a drop of about 6.5 dB from peak to 50th %ile. 

[image: ][image: ]
The figure below shows a 2x8 array design simulation. Note the FR2-2 midband drop to 50%ile is 10 dB, significantly higher than FR2-1 band above.
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Antenna gain is but one of the factors involved in establishing spherical coverage metrics. Other considerations that contribute to degradation of EIRP spherical coverage statistics are mutual coupling between PAs, Tx beam forming impairments and uncertainty related to power regulation mechanisms. FR2-2 is significantly high in frequency than n262 and n259, and we expect the degradation from ‘other considerations’ to have a larger effect. 

To summarize, we expect more degradation in FR2-2 as compared to n259 and n262,  for both raw antenna spherical coverage performance as well as degradation in spherical coverage due to other considerations (are mutual coupling between PAs, Tx beam forming impairments and uncertainty related to power regulation mechanisms). Recall that n259 has 12.9 dB and n262 13.1 dB gain drop from peak to 50th %ile direction. 

Observation 3-1:  Peak to 50%ile gain drop is approximately 3.5 dB higher in FR2-2 than FR2-1 due to antenna pattern and other considerations

Handheld EIRP budget
For FR2 the UE EIRP is defined in for various UE types, which are given different power classes. Here we discuss a budget for a smartphone type UE. 
Based on a feasible design, we assume these values for parameters.
Number of antenna elements:
The antenna design is a 16 element array half-lambda, arranged in a 2x8 configuration. 
PA output power:
The PA output power is based on a measured data 60 GHz smartphone PA operating with QPSK at the FR2 EVM limit.
Antenna rolloff vs frequency:
The amount of antenna gain reduction from average across the 57 – 71 GHz band,
Polarization gain:
The net increase in EIRP when simultaneously transmitting on the orthogonal polarization.
Implementation losses:
All losses in the system including feed losses, radome losses, losses due to imperfect array phasing

Table 2-1 EIRP budget items
	Parameter
	units
	nominal losses
	worst-case losses

	Number of antenna elements
	
	16
	16

	Element gain (average element)
	dBi
	4.50
	4.50

	Ant array gain (lossless)
	dBi
	16.54
	16.54

	
	
	
	

	PA output Power QPSK
	dBm
	-3.50
	-3.50

	Ant gain rolloff vs frequency
	dB
	-1.5
	-2

	Polarization gain
	dB
	2.80
	2.80

	Implementation losses
	dB
	-7
	-11.60

	
	
	
	

	TRP (both polarizations all freqs)
	dBm
	3.84
	-1.26

	Peak EIRP
	dBm
	20.38
	15.28



We observe the worst-case UE is 15 dBm peak EIRP.  We can compare this to power class 3 for FR2-1. For n262 the min peak EIRP is 16 dBm. 
Proposal 3.1-1: Handheld min peak EIRP is [15] dBm.

****  for convenience, showing change contained in draft CR to 38.101-2 V17.3.0 ********************
[bookmark: _Toc21340760][bookmark: _Toc29805207][bookmark: _Toc36456416][bookmark: _Toc36469514][bookmark: _Toc37253923][bookmark: _Toc37322780][bookmark: _Toc37324186][bookmark: _Toc45889709][bookmark: _Toc52196364][bookmark: _Toc52197344][bookmark: _Toc53173067][bookmark: _Toc53173436][bookmark: _Toc61119425][bookmark: _Toc61119807][bookmark: _Toc67925853][bookmark: _Toc75273491][bookmark: _Toc76510391][bookmark: _Toc83129544]6.2.1.1	UE maximum output power for power class 1
The following requirements define the maximum output power radiated by the UE for any transmission bandwidth within the channel bandwidth for non-CA configuration, unless otherwise stated. The period of measurement shall be at least one sub frame (1ms). The minimum output power values for EIRP are found in Table 6.2.1.1-1. The requirement is verified with the test metric of EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.2.1.1-1: UE minimum peak EIRP for power class 1
	Operating band
	Min peak EIRP (dBm)

	n257
	40.0

	n258
	40.0

	n260
	38.0

	n261
	40.0

	n262
	34.2

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance



The maximum output power values for TRP and EIRP are found in Table 6.2.1.1-2 below. The maximum allowed EIRP is derived from regulatory requirements [8]. The requirements are verified with the test metrics of TRP (Link=TX beam peak direction, Meas=TRP grid) in beam locked mode and EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.2.1.1-2: UE maximum output power limits for power class 1
	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	35
	55

	n258
	35
	55

	n260
	35
	55

	n261
	35
	55

	n262
	35
	55



[bookmark: _Hlk515541620]The minimum EIRP at the 85th percentile of the distribution of radiated power measured over the full sphere around the UE is defined as the spherical coverage requirement and is found in Table 6.2.1.1-3 below. The requirement is verified with the test metric of EIRP (Link=Spherical coverage grid, Meas=Link angle).
Table 6.2.1.1-3: UE spherical coverage for power class 1
	Operating band
	Min EIRP at 85 %-tile CDF (dBm)

	n257
	32.0

	n258
	32.0

	n260
	30.0

	n261
	32.0

	n262
	26.0

	n263
	TBD

	NOTE 1:	Minimum EIRP at 85 %-tile CDF is defined as the lower limit without tolerance
NOTE 2:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.



[bookmark: _Toc21340761][bookmark: _Toc29805208][bookmark: _Toc36456417][bookmark: _Toc36469515][bookmark: _Toc37253924][bookmark: _Toc37322781][bookmark: _Toc37324187][bookmark: _Toc45889710][bookmark: _Toc52196365][bookmark: _Toc52197345][bookmark: _Toc53173068][bookmark: _Toc53173437][bookmark: _Toc61119426][bookmark: _Toc61119808][bookmark: _Toc67925854][bookmark: _Toc75273492][bookmark: _Toc76510392][bookmark: _Toc83129545]6.2.1.2	UE maximum output power for power class 2
[bookmark: _Toc21340762][bookmark: _Toc29805209][bookmark: _Toc36456418][bookmark: _Toc36469516][bookmark: _Toc37253925][bookmark: _Toc37322782][bookmark: _Toc37324188][bookmark: _Toc45889711][bookmark: _Toc52196366][bookmark: _Toc52197346][bookmark: _Toc53173069][bookmark: _Toc53173438][bookmark: _Toc61119427][bookmark: _Toc61119809][bookmark: _Toc67925855][bookmark: _Toc75273493][bookmark: _Toc76510393][bookmark: _Toc83129546]********** end change contained in draft CR************************************
****  for convenience, showing change contained in draft CR to 38.101-2 V17.3.0 *********************
6.2.1.3	UE maximum output power for power class 3
The following requirements define the maximum output power radiated by the UE for any transmission bandwidth within the channel bandwidth for non-CA configuration, unless otherwise stated. The period of measurement shall be at least one sub frame (1ms). The minimum output power values for EIRP are found in Table 6.2.1.3-1. The requirement is verified with the test metric of total component of EIRP (Link=TX beam peak direction, Meas=Link angle). The requirement for the UE which supports a single FR2 band is specified in Table 6.2.1.3-1. The requirement for the UE which supports multiple FR2 bands is specified in both Table 6.2.1.3-1 and Table 6.2.1.3-4.
Table 6.2.1.3-1: UE minimum peak EIRP for power class 3
	Operating band
	Min peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n259
	18.7

	n260
	20.6

	n261
	22.4

	n262
	16.0

	n263
	[15.0]

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance
NOTE 2:	Void



The maximum output power values for TRP and EIRP are found on the Table 6.2.1.3-2. The max allowed EIRP is derived from regulatory requirements [8]. The requirements are verified with the test metrics of TRP (Link=TX beam peak direction, Meas=TRP grid) in beam locked mode and the total component of EIRP (Link=TX beam peak direction, Meas=Link angle.
Table 6.2.1.3-2: UE maximum output power limits for power class 3
	[bookmark: _Hlk515357814]Operating band
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	23
	43

	n258
	23
	43

	n259
	23
	43

	n260
	23
	43

	n261
	23
	43

	n262
	23
	43



The minimum EIRP at the 50th percentile of the distribution of radiated power measured over the full sphere around the UE is defined as the spherical coverage requirement and is found in Table 6.2.1.3-3 below. The requirement is verified with the test metric of the total component of EIRP (Link=Beam peak search grids, Meas=Link angle). The requirement for the UE which supports a single FR2 band is specified in Table 6.2.1.3-3. The requirement for the UE which supports multiple FR2 bands is specified in both Table 6.2.1.3-3 and Table 6.2.1.3-4.
Table 6.2.1.3-3: UE spherical coverage for power class 3
	Operating band
	Min EIRP at 50 %-tile CDF (dBm)

	n257
	11.5

	n258
	11.5

	n259
	5.8

	n260
	8

	n261
	11.5

	n262
	2.9

	n263
	[-0.4]

	NOTE 1:	Minimum EIRP at 50 %-tile CDF is defined as the lower limit without tolerance
NOTE 2:	Void
NOTE 3:	The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.



For the UEs that support multiple FR2 bands, minimum requirement for peak EIRP and EIRP spherical coverage in Tables 6.2.1.3-1 and 6.2.1.3-3 shall be decreased per band, respectively, by the peak EIRP relaxation parameter MBP,n and EIRP spherical coverage relaxation parameter MBS,n, as defined in Table 6.2.1.3-4..
Table 6.2.1.3-4: UE multi-band relaxation factors for power class 3
	[bookmark: _Hlk32225119][bookmark: _Hlk32316771]Band
	MBP,n (dB)
	MBS,n (dB)

	n257
	0.73
	0.73

	n258
	0.6
	0.7

	n259
	0.5
	0.4

	n260
	0.51
	0.41

	n261
	0.52,4
	0.74

	n262
	0.7
	0.7

	Note 1: n260 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n260
Note 2: n261 peak relaxation is 0 dB for UE that exclusively supports n261+n260
Note 3: n257 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n257
Note 4: n261 peak and spherical relaxations are 0 dB for UE that exclusively supports n261+n257



[bookmark: _Toc21340763][bookmark: _Toc29805210][bookmark: _Toc36456419][bookmark: _Toc36469517][bookmark: _Toc37253926][bookmark: _Toc37322783][bookmark: _Toc37324189][bookmark: _Toc45889712][bookmark: _Toc52196367][bookmark: _Toc52197347][bookmark: _Toc53173070][bookmark: _Toc53173439][bookmark: _Toc61119428][bookmark: _Toc61119810][bookmark: _Toc67925856][bookmark: _Toc75273494][bookmark: _Toc76510394][bookmark: _Toc83129547]6.2.1.4	UE maximum output power for power class 4
********** end change contained in draft CR*********************
**** for convenience, showing change contained in draft CR to 38.101-2 V17.3.0 *********************
[bookmark: _Toc67925878][bookmark: _Toc75273516][bookmark: _Toc76510416][bookmark: _Toc83129569]6.2.3.3.5		A-MPR for NS_202 for power class 5
For power class 5, A-MPR for NS_202 specified in clause 6.2.3.3.3 applies.
[bookmark: _Toc61119447][bookmark: _Toc61119829][bookmark: _Toc67925879][bookmark: _Toc75273517][bookmark: _Toc76510417][bookmark: _Toc83129570]6.2.3.4	A-MPR for NS_203
[bookmark: _Toc61119448][bookmark: _Toc61119830][bookmark: _Toc67925880][bookmark: _Toc75273518][bookmark: _Toc76510418][bookmark: _Toc83129571]6.2.3.4.1		A-MPR for NS_203 for power class 1
[bookmark: _Hlk31031390]For power class 1, A-MPR for NS_203 shall be 3.0 dB if Offset frequency < BWchannel, 0.0 dB otherwise. 
The Offset frequency is defined as the frequency from 24.25 GHz to the lower edge of the channel bandwidth.
[bookmark: _Toc61119449][bookmark: _Toc61119831][bookmark: _Toc67925881][bookmark: _Toc75273519][bookmark: _Toc76510419][bookmark: _Toc83129572]6.2.3.4.2		A-MPR for NS_203 for power class 2
For power class 2, AMPR for NS_203 specified in subclause 6.2.3.4.3 applies.
[bookmark: _Toc61119450][bookmark: _Toc61119832][bookmark: _Toc67925882][bookmark: _Toc75273520][bookmark: _Toc76510420][bookmark: _Toc83129573]6.2.3.4.3		A-MPR for NS_203 for power class 3
For power class 3, AMPR for NS_203 shall be 0 dB. 
[bookmark: _Toc61119451][bookmark: _Toc61119833][bookmark: _Toc67925883][bookmark: _Toc75273521][bookmark: _Toc76510421][bookmark: _Toc83129574]6.2.3.4.4		A-MPR for NS_203 for power class 4
For power class 4, AMPR for NS_203 specified in subclause 6.2.3.4.3 applies.
[bookmark: _Toc83129575]6.2.3.4.5		A-MPR for NS_203 for power class 5
For power class 5, AMPR for NS_203 specified in subclause 6.2.3.4.3 applies.
6.2.3.5	UE maximum TRP and TRP PSD for [NS_FCC]
The {NS_FCC} maximum output power values for TRP and TRP PSD are found in Table 6.2.3.5 below. The maximum allowed values are derived from regulatory requirements [TBD reference# to FCC]. The requirements are verified with the test metrics of TRP (Link=TX beam peak direction, Meas=TRP grid) in beam locked mode and EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.2.3.5: UE maximum TRP and TRP PSD for [NS_FCC] 
	Operating band
	Max TRP (dBm)
	Max TRP PSD (dBm/MHz)

	n263
	27 – declared_loss
	(27 – declared_loss) x transmission_BW_MHz/100Note2

	Note 1: declared_loss is declared by the manufacturer as antenna and circuit losses in non-negative dBs
Note 2: Applicable for transmission_BW_MHz < 100, expressed in MHz.




Editor’s notes on n263: 
Max TRP will be specified to ensure max conducted power of 27 dBm (using a manufacturer declaration antenna and circuit losses) .
Max TRP density will be specified to ensure the transmitted conducted output power spectral density does not exceed 27 dBm x (emission bandwidth / 100 MHz); for emission bandwidth < 100 MHz. Manufacturer declares the antenna and circuit losses. Active RB bandwidth can be used as a simplifying assumption for emission bandwidth

6.2.3.6	TRP and PSD limit for [NS_ETSI]
The maximum output power values for TRP, EIRP, and EIRP PSD are found in Table 6.2.3.6 below. The maximum allowed EIRP is derived from regulatory requirements [TBD reference# to ETSI]. The requirements are verified with the test metrics of TRP (Link=TX beam peak direction, Meas=TRP grid) in beam locked mode and EIRP (Link=TX beam peak direction, Meas=Link angle).
Table 6.2.3.6: UE maximum output power limits for [NS_ETSI]
	Operating band
	Max TRP (dBm)
	Max EIRP (dBm)
	Max EIRP PSD
(dBm/MHz)

	n263
	27 – declared_loss
	40
	23

	Note 1: declared_loss is declared by the manufacturer as antenna and circuit losses in non-negative dBs




Editor’s notes on n263: 
In ETSI draft EN 303 763 v0.0.4 
· the max EIRP is 40 dBm 
· max conducted power at 27 dBm
· the max EIRP PSD is 23 dBm/MHz


[bookmark: _Toc21340781][bookmark: _Toc29805228][bookmark: _Toc36456437][bookmark: _Toc36469535][bookmark: _Toc37253944][bookmark: _Toc37322801][bookmark: _Toc37324207][bookmark: _Toc45889730][bookmark: _Toc52196385][bookmark: _Toc52197365][bookmark: _Toc53173088][bookmark: _Toc53173457][bookmark: _Toc61119452][bookmark: _Toc61119834][bookmark: _Toc67925884][bookmark: _Toc75273522][bookmark: _Toc76510422][bookmark: _Toc83129576]6.2.4	Configured transmitted power
********** end change contained in draft CR************************************



UE spectral emissions mask and ACLR
We propose to extend the SEM specification method from FR2-1 to FR2-2. 
For ACLR we observe that 99% occupied BW equates to about 24 dB ACLR. 24 dB is more stringent than values from the coexistence study, or values discussed by companies in RAN4. OBW can be used to ensure good coexistence, and there is no need to specify ACLR for FR2-2.
For convenience and ease of reading changes being proposed in draft CR are shown below.
Proposal 4-1: We propose to extend the SEM specification method from FR2-1 to FR2-2. 
Proposal 4-2: OBW, equivalent to about 24 dB ACLR, can be used to ensure good coexistence, and there is no need to specify ACLR for FR2-2.
**** for convenience, showing change contained in draft CR to 38.101-2 V17.3.0 *********************
6.5.2	Out of band emissions
[bookmark: _Toc21340902][bookmark: _Toc29805349][bookmark: _Toc36456558][bookmark: _Toc36469656][bookmark: _Toc37254065][bookmark: _Toc37322922][bookmark: _Toc37324328][bookmark: _Toc45889851][bookmark: _Toc52196512][bookmark: _Toc52197492][bookmark: _Toc53173215][bookmark: _Toc53173584][bookmark: _Toc61119584][bookmark: _Toc61119966][bookmark: _Toc67926028][bookmark: _Toc75273666][bookmark: _Toc76510566][bookmark: _Toc83129723]6.5.2.0	General
The Out out of band emissions are unwanted emissions immediately outside the assigned channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask for FR2 and an adjacent channel leakage power ratio for FR2-1. Additional requirements to protect specific bands are also considered.
The requirements in clause 6.5.2.1 only apply when both UL and DL of a UE are configured for single CC operation, and they are of the same bandwidth. For a UE that is configured for single CC operation with different channel bandwidths in UL and DL, the requirements in clause 6.5A.2.1 apply.
All out of band emissions for frequency range 2 are TRP.
[bookmark: _Toc21340903][bookmark: _Toc29805350][bookmark: _Toc36456559][bookmark: _Toc36469657][bookmark: _Toc37254066][bookmark: _Toc37322923][bookmark: _Toc37324329][bookmark: _Toc45889852][bookmark: _Toc52196513][bookmark: _Toc52197493][bookmark: _Toc53173216][bookmark: _Toc53173585][bookmark: _Toc61119585][bookmark: _Toc61119967][bookmark: _Toc67926029][bookmark: _Toc75273667][bookmark: _Toc76510567][bookmark: _Toc83129724]6.5.2.1	Spectrum emission mask
The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ± edge of the assigned NR channel bandwidth. For frequencies offset greater than FOOB as specified in Table 6.5.2.1-1 the spurious requirements in clause 6.5.3 are applicable.
The power of any UE emission shall not exceed the levels specified in Table 6.5.2.1-1 for the specified channel bandwidth. The requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak direction, Meas=TRP grid).
Table 6.5.2.1-1: General NR spectrum emission mask for frequency range 2.
	ΔfOOB
(MHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz
	800 MHz
	1200 MHz
	1600 MHz
	2000 MHz
	Measurement bandwidth

	± 0-5
	-5 
	-5
	-5
	-5
	-5
	-5
	-5
	-5
	1 MHz 

	± 5-10
	-13
	-5
	-5
	-5 
	-5
	-5
	-5
	-5
	1 MHz

	± 10-20
	-13
	-13
	-5
	-5 
	-5
	-5
	-5
	-5
	1 MHz

	± 20-40
	-13
	-13
	-13
	-5
	-5
	-5
	-5
	-5
	1 MHz

	± 40-10080
	-13
	-13
	-13
	-13
	-5
	-5
	-5
	-5
	1 MHz

	± 10080-200120
	
	-13
	-13 
	-13 
	-13
	-5
	-5
	-5
	1 MHz

	± 120-160
	
	
	-13
	-13
	-13
	-13
	-5
	-5
	1 MHz

	± 160-200
	
	
	-13
	-13
	-13
	-13
	-13
	-5
	1 MHz

	± 200-400
	
	
	-13 
	-13 
	-13
	-13
	-13
	-13
	1 MHz

	± 400-800
	
	
	
	-13 
	-13
	-13
	-13
	-13
	1 MHz

	± 800-1600
	
	
	
	
	-13
	-13
	-13
	-13
	1 MHz

	± 1600-2400
	
	
	
	
	
	-13
	-13
	-13
	1 MHz

	± 2400-3200
	
	
	
	
	
	
	-13
	-13
	1 MHz

	± 3200-4000
	
	
	
	
	
	
	
	-13
	1 MHz




[bookmark: _Toc21340904][bookmark: _Toc29805351][bookmark: _Toc36456560][bookmark: _Toc36469658][bookmark: _Toc37254067][bookmark: _Toc37322924][bookmark: _Toc37324330][bookmark: _Toc45889853][bookmark: _Toc52196514][bookmark: _Toc52197494][bookmark: _Toc53173217][bookmark: _Toc53173586][bookmark: _Toc61119586][bookmark: _Toc61119968][bookmark: _Toc67926030][bookmark: _Toc75273668][bookmark: _Toc76510568][bookmark: _Toc83129725]6.5.2.2	Void
[bookmark: _Toc21340905][bookmark: _Toc29805352][bookmark: _Toc36456561][bookmark: _Toc36469659][bookmark: _Toc37254068][bookmark: _Toc37322925][bookmark: _Toc37324331][bookmark: _Toc45889854][bookmark: _Toc52196515][bookmark: _Toc52197495][bookmark: _Toc53173218][bookmark: _Toc53173587][bookmark: _Toc61119587][bookmark: _Toc61119969][bookmark: _Toc67926031][bookmark: _Toc75273669][bookmark: _Toc76510569][bookmark: _Toc83129726]6.5.2.3	Adjacent channel leakage ratio for FR2-1
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. ACLR requirement is specified for a scenario in which adjacent carrier is another NR channel.
NR Adjacent Channel Leakage power Ratio (NRACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency at nominal channel spacing. The assigned NR channel power and adjacent NR channel power are measured with rectangular filters with measurement bandwidths specified in Table 6.5.2.3-1.
If the measured adjacent channel power is greater than –35 dBm then the NRACLR shall be higher than the value specified in Table 6.5.2.3-1. The requirement is verified in beam locked mode with the test metric of TRP (Link=TX beam peak direction, Meas=TRP grid).
Table 6.5.2.3-1: FR2-1 General requirements for NRACLR
	
	Channel bandwidth / NRACLR / Measurement bandwidth

	
	50
MHz
	100
MHz
	200
MHz
	400
MHz

	NRACLR for band n257, n258, n261
	17 dB
	17 dB
	17 dB
	17 dB

	NRACLR for band n259, n260, n262
	16 dB
	16 dB
	16 dB
	16 dB

	NR channel measurement bandwidth (MHz)
	47.58 
	95.16 
	190.20 
	380.28 

	Adjacent channel centre frequency offset (MHz)
	+50
/
-50
	+100
/
-100
	+200
/
-200
	+400
/
-400



[bookmark: _Toc21340906][bookmark: _Toc29805353][bookmark: _Toc36456562][bookmark: _Toc36469660][bookmark: _Toc37254069][bookmark: _Toc37322926][bookmark: _Toc37324332][bookmark: _Toc45889855][bookmark: _Toc52196516][bookmark: _Toc52197496][bookmark: _Toc53173219][bookmark: _Toc53173588][bookmark: _Toc61119588][bookmark: _Toc61119970][bookmark: _Toc67926032][bookmark: _Toc75273670][bookmark: _Toc76510570][bookmark: _Toc83129727]6.5.3	Spurious emissions
********** end change contained in draft CR************************************



Occupied BW
As stated above, OBW can be used to ensure good adjacent channel performance. We propose to use 99% occupied BW in the channel bandwidth, as in FR1 and FR2-1. Text to be include in draft CR is shown below for convenience. 
Proposal 5: We propose to use 99% occupied BW in the channel bandwidth, as in FR1 and FR2-1.
[bookmark: _Toc21340899][bookmark: _Toc29805346][bookmark: _Toc36456555][bookmark: _Toc36469653][bookmark: _Toc37254062][bookmark: _Toc37322919][bookmark: _Toc37324325][bookmark: _Toc45889848][bookmark: _Toc52196509][bookmark: _Toc52197489][bookmark: _Toc53173212][bookmark: _Toc53173581][bookmark: _Toc61119581][bookmark: _Toc61119963][bookmark: _Toc67926025][bookmark: _Toc75273663][bookmark: _Toc76510563][bookmark: _Toc83129720]****  for convenience, showing change contained in draft CR to 38.101-2 V17.3.0 *********************
6.5	Output RF spectrum emissions
[bookmark: _Toc21340900][bookmark: _Toc29805347][bookmark: _Toc36456556][bookmark: _Toc36469654][bookmark: _Toc37254063][bookmark: _Toc37322920][bookmark: _Toc37324326][bookmark: _Toc45889849][bookmark: _Toc52196510][bookmark: _Toc52197490][bookmark: _Toc53173213][bookmark: _Toc53173582][bookmark: _Toc61119582][bookmark: _Toc61119964][bookmark: _Toc67926026][bookmark: _Toc75273664][bookmark: _Toc76510564][bookmark: _Toc83129721]6.5.1	Occupied bandwidth
Occupied bandwidth is defined as the bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel. The occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than the channel bandwidth specified in Table 6.5.1-1.
The occupied bandwidth is defined as a directional requirement. The requirement is verified in beam locked mode with the test metric of OBW (Link=TX beam peak direction, Meas=Link angle).
Table 6.5.1-1: Occupied channel bandwidth
	
	Occupied channel bandwidth / Channel bandwidth

	
	50
MHz
	100
MHz
	200
MHz
	400
MHz
	800 
MHz
	1200 
MHz
	1600 
MHz
	2000 
MHz

	Channel bandwidth (MHz)
	50
	100
	200
	400
	800
	1200
	1600
	2000



[bookmark: _Toc21340901][bookmark: _Toc29805348][bookmark: _Toc36456557][bookmark: _Toc36469655][bookmark: _Toc37254064][bookmark: _Toc37322921][bookmark: _Toc37324327][bookmark: _Toc45889850][bookmark: _Toc52196511][bookmark: _Toc52197491][bookmark: _Toc53173214][bookmark: _Toc53173583][bookmark: _Toc61119583][bookmark: _Toc61119965][bookmark: _Toc67926027][bookmark: _Toc75273665][bookmark: _Toc76510565][bookmark: _Toc83129722]6.5.2	Out of band emissions

********** end change contained in draft CR************************************
Spectral utilization 
We need working assumptions for SEM and EVM before we can tackle SU. We propose to use the SEM in this paper, the FR2-1 EVM, 99% occupied BW at 400 MHz, and a 400 MHz QPSK CP-OFDM signal and study various SU percentages. From there we can determine a percentage.
Proposal 6: We propose to use the SEM in this paper, the FR2-1 EVM, 99% occupied BW at 400 MHz, and a 400 MHz QPSK CP-OFDM signal and study various SU percentages. From there we can determine a percentage.

EVM
We have discussed EVM and the effect of PTRS in a number of meetings, and there have been similar discussions in RAN1. For FR2-2 UEs, phase noise becomes a more significant factor in the signal quality, especially for the higher order modulation constellations. Our understanding is that PTRS methods are still under discussion in RAN1, but we can make some conclusions from previous discussions.
Proposal 7: EVM for 16-QAM and lower modulation orders do not require PTRS processing as part of the test definition. For higher modulation orders PTRS should be part of the processing. RAN4 may or may not decide to apply PTRS for the lower mods for spec and/or TE simplification.

 64QAM
In R4-2114989 we had some discussion on whether to include 64QAM. Below we show the SINR results from our coexistence simulations. ON the downlink there are a significant number of UEs that have high enough SINR to support 64QAM. ON the uplink there are fewer, however some of the UEs could support it.
Supporting 64QAM both on the downlink and uplink does put some additional burden on the UE design. Phase noise is more critical and supporting 64QAM can drive the PN mask to be lower and more difficult to design. On the UE uplink the transmit chain quality must be higher and the PA design more linear and less efficient to support it. Given that we need to consider designs of varying capability and complexity. It makes the most sense to specify as optional 64 QAM on the uplink, and specify the same on the downlink. The uplink and downlink may be declared independently. 
                                  Downlink SINR for 60 GHz                                        Uplink SINR for 60 GHz
[image: ] [image: ]

Proposal 8: Specify as optional 64 QAM on the uplink and specify the same on the downlink. The uplink and downlink may be declared independently.
ON/ON transient periods
From the standpoint of ON/ON transient period, the FR2-2 UE is the same as FR2-1. In one sense FR2-2 is quite like FR2-1, with FR2-2 much like a new FR2-1 band with some additional SCS. FR2-1 UE designs are commercial and mature. The ON/ON transient time of 5usec is governed by the time required to configure the transmitter and receiver. Those constraints are the same for FR2-2. Further in future as devices support FR2-1 and FR2-2 much hardware will be common. It is natural to specify the transient period the same as FR2-1.
Proposal 9: The transient period from FR2-1 is based on the capability of the UE to configure the transmitter and receiver. The same capability will exist in FR2-2. Use the same 5usec for FR2-2.
PRACH time mask
RAN1 has agreed that PRACH may 120, 480, or 960 kHz. We can specify the measurement time period in the same table for FR2-1 and -2. An example is shown below for illustration.
**************** for illustration, example of 38.101-2 spec change ************************
6.3.3.4	PRACH time mask
The PRACH ON power is specified as the mean power over the PRACH measurement period excluding any transient periods as shown in Figure 6.3.3.4-1. The measurement period for different PRACH preamble format is specified in Table 6.3.3.4-1.
Table 6.3.3.4-1: PRACH ON power measurement period
	Format
	SCS
	Measurement period
	Note

	A1
	60 kHz
	0.035677 ms
	

	
	120 kHz
	0.017839 ms
	

	
	480 kHz
	0.004460 ms
	

	
	960 kHz
	0.002230 ms
	

	A2
	60 kHz
	0.071354 ms
	

	
	120 kHz
	0.035677 ms
	

	
	480 kHz
	0.008919 ms
	

	
	960 kHz
	0.004460 ms
	

	A3
	60 kHz
	0.107031 ms
	

	
	120 kHz
	0.053516 ms
	

	
	480 kHz
	0.013379 ms
	

	
	960 kHz
	0.006690 ms
	

	B1
	60 kHz
	0.035091 ms
	

	
	120 kHz
	0.0175455 ms
	

	
	480 kHz
	0.004386 ms
	

	
	960 kHz
	0.002193 ms
	

	B4
	60 kHz
	0.207617 ms
	

	
	120 kHz
	0.103809 ms
	

	
	480 kHz
	0.025952 ms
	

	
	960 kHz
	0.012976 ms
	

	A1/B1
	60 kHz
	0.035677 ms for front X1 occasion
0.035091 ms for last occasion
X1 = [2,5]
	X1 = [2,5]

	
	120 kHz
	0.017839 ms for front X1occasion
0.017546 ms for last occasion
X1 = [2,5]
	X1 = [2,5]

	
	480 kHz
	  0.004460 ms for front X1 occasion
 0.004387  ms for last occasion
	X1 = [2,5]

	
	960 kHz
	0.017839 ms for front X1occasion
0.017546 ms for last occasion
	X1 = [2,5]

	A2/B2
	60 kHz
	0.071354 ms for front X2 occasion
0.069596 ms for last occasion
X2 = [1,2]
	X2 = [1,2]

	
	120 kHz
	0.035677 ms for front X2 occasion
0.034798 ms for last occasion
X2 = [1,2]
	X2 = [1,2]

	
	480 kHz
	0.008919 ms for front X2 occasion
0.008700 ms for last occasion
	X2 = [1,2]

	
	960 kHz
	0.004460 ms for front X2 occasion
0.004350 ms for last occasion
	X2 = [1,2]

	A3/B3
	60 kHz
	0.107031 ms for first occasion
0.104101 ms for second occasion
	

	
	120 kHz
	0.053515 ms for first occasion
0.052050 ms for second occasion
	

	
	480 kHz
	0.013379 ms for first occasion
0.013013 ms for second occasion
	

	
	960 kHz
	0.006689 ms for first occasion
0.006506 ms for second occasion
	

	C0
	60 kHz
	0.026758 ms
	

	
	120 kHz
	0.013379 ms
	

	
	480 kHz
	0.003345 ms
	

	
	960 kHz
	0.001672 ms
	

	C2
	60 kHz
	0.083333 ms
	

	
	120 kHz
	0.0416667 ms
	

	
	480 kHz
	0.010417 ms
	

	
	960 kHz
	0.005208 ms
	

	NOTE:	For PRACH on PRACH occasion start from begin of 0ms or 0.5 ms boundary, the measurement period will plus be increased by 0.032552 μs



[image: ]
Figure 6.3.3.4-1: PRACH ON/OFF time mask
6.3.3.5	Void
************** end illustration of change *************************************
Proposal 10: PRACH ON power measurement period table should be updated for 480 and 960 SCS as shown.
  Beam direction only switching time baseline assumption
Q: Should we re-use the FR2-1 beam direction-only switching time for FR2-2 480 and 960 SCS, or some other value?
From last meeting these proposals were offered (R4-2114989)
· Proposal 1:  60 GHz UE requires 200 nsec for beam direction-only switching for all SCS Direction-only switching time is a baseline assumption and not a TS requirement.
· Proposal 2: UE Beam direction-only switching time baseline assumption should be defined the same for all SCS. 
· Proposal 3: 50 nsec as a baseline assumption 

One valid approach to the 60 GHz UE design is to base it on the existing FR2 design. In this aspect, 60 GHz is like a new FR2 band. This means the configuration times for beam switching are the same for 60 GHz and FR2.The FR2 switching assumptions are based on the capabilities of the UE to switch, and what is feasible. 60 GHz UE feasibility is the same as FR2. Further the configuration times are similar for any SCS and this should be part of the assumption.
The FR2 assumption for UE beam switching is 200 nsec, 60 GHz requires the same amount of time to switch. We find no difference between inter-panel and intra-panel switching. Both require the same amount of time to configure the hardware for switching.
On clarification, our understanding is the UE can perform a beam direction change, or a power control change, or both during this 200 nsec time.
Observation 11: Our understanding is the UE can perform a beam direction change, or a power control change, or both during this 200 nsec time.
 Minimum duration between beam switches. Beam switches can be direction only or TX/RX switches.
In RAN4 [1] these agreements were made
Do not specify in TS
Further discuss option 1 and option 3 next meeting

Option 1 and 3 are
· Option 1: Agree to inform RAN1 4.5 usec is the minimum for FR2-2. Do not specify in RAN4 TS.
· Option 3: No need to inform RAN1 or specify in RAN4 TS.
It is necessary to inform RAN1 about the time between consecutive UE beam switches. It is likely this information would be useful for their design. The minimum duration between any two UE beam switches is 4.5 µsec. They did not ask about this parameter, however we should inform them in case it has any impact on their design approach.
Proposal 12: Agree to inform RAN1 4.5 usec is the minimum for FR2-2. Do not specify in RAN4 TS.

 Conclusions
Proposal 1-1: Use TRP to ensure the FCC total peak transmitter output power conducted requirement.
Proposal 1-2 : Use NS signalling to direct the UE to limit TRP for <= 100 MHz per the FCC directive.
Proposal 1-3: 23 dBm/MHz maximum PSD enacted through NS signaling.
Observation 2-1: Increasing the number of array elements helps to counteract the increased losses inherent in FR2-2.
Observation 2-2: 2x8 antenna array footprint for FR2-2 is essentially the same as FR2-1 1x4 footprint.
Observation 3-1:  Peak to 50%ile gain drop is approximately 3.5 dB higher in FR2-2 than FR2-1 due to antenna pattern and other considerations
Proposal 3.1-1: Handheld min peak EIRP is [15] dBm.
Proposal 4-1: We propose to extend the SEM specification method from FR2-1 to FR2-2. 
Proposal 4-2: OBW, equivalent to about 24 dB ACLR, can be used to ensure good coexistence, and there is no need to specify ACLR for FR2-2.
Proposal 5: We propose to use 99% occupied BW in the channel bandwidth, as in FR1 and FR2-1.
Proposal 6: We propose to use the SEM in this paper, the FR2-1 EVM, 99% occupied BW at 400 MHz, and a 400 MHz QPSK CP-OFDM signal and study various SU percentages. From there we can determine a percentage.
Proposal 7: EVM for 16-QAM and lower modulation orders do not require PTRS processing as part of the test definition. For higher modulation orders PTRS should be part of the processing. RAN4 may or may not decide to apply PTRS for the lower mods for spec and/or TE simplification.
Proposal 8: Specify as optional 64 QAM on the uplink and specify the same on the downlink. The uplink and downlink may be declared independently.
[bookmark: _Hlk503780345]Proposal 9: The transient period from FR2-1 is based on the capability of the UE to configure the transmitter and receiver. The same capability will exist in FR2-2. Use the same 5usec for FR2-2.
Proposal 10: PRACH ON power measurement period table should be updated for 480 and 960 SCS as shown.
Observation 11: Our understanding is the UE can perform a beam direction change, or a power control change, or both during this 200 nsec time.
Proposal 12: Agree to inform RAN1 4.5 usec is the minimum for FR2-2. Do not specify in RAN4 TS.
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