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1
Introduction
The purpose of this contribution is to summarize the User Equipment (UE) transmitter and receiver characteristics defined by TR36.101 [1] for Band 42 (3400-3600 MHz) and Band43 (3600-3800 MHz) and compare them with what specified by FCC [2,3] for the US 3.5GHz CBRS Band (3550-3700 MHz).  
2
3GPP UE Requirements 
2.1 
Transmitter characteristics
OUTPUT POWER
The maximum output power defined for UEs in Band42 and Band43 is +23dBm (Power Class 3) with +2/-3 dB tolerance. The allowed decrease of the maximum power transmitted in order to meet ACLR and spectrum emission limits is specified by the Maximum Power Reduction (MPR) requirements shown in Table 1, which are defined for various signal configurations (modulation schemes and transmission resource block allocations). 
Additional Maximum Power Reduction (A-MPR) to the allowed MPR is permitted for the output power in order to meet additional spectrum emission requirements in a specific deployment scenario signalled through Network Signalling Values (NS_22 for Band42 and Band43). 
Table 1 – Transmit Power Requirements
	Max.  Power (dBm)
	+23

	Tolerance (dB)
	+2/-3

	Maximum Power Reduction (MPR)

	Modul.
	5MHz
	10MHz
	15MHz
	20MHz
	MPR (dB)

	
	Resource Block allocations
	

	QPSK
	> 8
	> 12
	> 16
	> 18
	≤ 1

	16QAM
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16QAM
	> 8
	> 12
	> 16
	> 18
	≤ 2

	64QAM
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 2

	64QAM
	> 8
	> 12
	> 16
	> 18
	≤ 3


OUT OT BAND EMISSIONS
Requirements for out of band emission, unwanted emissions immediately outside the assigned channel bandwidth not including spurious emissions, are specified in terms of Spectrum Emission Mask (SEM) and Adjacent Channel Leakage power Ratio (ACLR).
SEM

The SEM general requirements, shown in Table 2, apply to frequencies (ΔfOOB) starting from the lower and upper edge of the assigned E-UTRA channel bandwidth. For frequencies outside the SEM range the spurious emissions requirements are applicable. When "NS 22" is indicated in the cell, the power of any UE emission shall not exceed -23 dBm (per 5MHz measurement bandwidth) within an offset between 5 MHz and 25 MHz from the lower and upper edge of the channel bandwidth, if such offset is within the operating bandwidth, and -40 dBm (per 1MHz measurement bandwidth) within 0-25 MHz below 3400 MHz and above 3800 MHz.  
General spectrum emission requirements for intra-band contiguous carrier aggregation, which apply to frequencies starting from the lower and upper edge of the aggregated channel bandwidth, are less stringent than the single carrier scenario ones reported in Table 1 for both bandwidth class B and C.
ACLR

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 at nominal channel spacing. For the case where both assigned and adjacent channels are E-UTRA, the power of such channels is measured using rectangular filters with measurement bandwidths slightly smaller than the actual channel bandwidth. ACLR for the first adjacent E-UTRA adjacent channel is shown in Table 2. The same ACLR value as in single carrier scenario applies in intra-band contiguous carrier aggregation scenarios for the first channel adjacent to the aggregated channels bandwidth.
SPURIOUS EMISSIONS

The spurious emission limits reported in Table 3 apply for the frequency ranges that are below/above the out of band emission boundary (10, 15, 20 and 25 MHz for 5, 10, 15, and 20 MHz channel respectively). The measurement bandwidth increases from lower frequencies to higher frequencies, ranging from 1 KHz to 1 MHz.
Table 2 – OOBE limits
	SEM General Requirements (dBm)
	SEM Additional req. NS_22 (dBm)
	ACLR (dB)
(for the 1st E_UTRA adjacent channel)

	ΔfOOB
(MHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	5/10/15/20 MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	
	
	
	
	
	ΔfOOB  within the operating band
	ΔfOOB below 3400 & above 3800 
	
	
	
	

	( 0-1
	-15 
	-18
	-20
	-21
	
	-40


	30
	30
	30
	30

	( 1-2.5
	-10
	-10
	-10
	-10 
	
	
	
	
	
	

	( 2.5-2.8
	-10
	-10
	-10
	-10 
	
	
	
	
	
	

	( 2.8-5
	-10
	-10
	-10
	-10
	
	
	
	
	
	

	( 5-6
	-13
	-13
	-13
	-13
	-23            
	
	
	
	
	

	( 6-10
	-25
	-13
	-13 
	-13 
	
	
	
	
	
	

	( 10-15
	
	-25
	-13 
	-13 
	
	
	
	
	
	

	( 15-20
	
	
	-25 
	-13 
	
	
	
	
	
	

	( 20-25
	
	
	
	-25
	
	
	
	
	
	

	Measurament Bandwidth

	30KHz for  ΔfOOB =( 0-1;       1MHz for all other ΔfOOB
	5MHz
	1MHz
	4.5MHz
	9MHz
	13.5MHz
	18MHz


Table 3 Spurious Emissions limits

	Frequency Range from OOBE boundary
	Spurious Emission Limits (dBm)
	Measurement BW

	9 kHz ( f < 150 kHz
	-36 
	1 kHz 

	150 kHz ( f < 30 MHz
	-36 
	10 kHz 

	30 MHz ( f < 1000 MHz
	-36 
	100 kHz

	1 GHz ( f < 12.75 GHz
	-30 
	1 MHz

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 
	1 MHz


2.1 
UE Receiver characteristics
Reference sensitivity, Adjacent Channel Selectivity (ACS) and blocking characteristics, listed below, require the receiver to achieve a throughput  ( 95% of the maximum throughput of the reference measurement channels (QPSK) for different signal conditions. It is assumed that the receiver is equipped with two Rx ports as a baseline.
REFERENCE SENSITIVITY LEVEL
The reference sensitivity power level, shown in Table 3, is the minimum mean power applied to each one of the UE antenna ports at which the minimum specified throughput shall be achieved. For UEs equipped with 4 antenna ports additional requirements apply for Band 42 (-101.2, -98.2, -96.4 and -95.2 dBm for 5, 10, 15 and 20 MHz channel bandwidth configuration respectively).
ACS
ACS is the ratio (in dB) of the receiver filter attenuation on the assigned channel frequency to the receiver filter attenuation on the adjacent channel. The UE shall fulfill the minimum requirement for all power values of an adjacent 5MHz channel interferer up to –25 dBm. ACS cases corresponding to the lower and upper level of power range are reported in Table 3.  
IN BAND BLOCKING 

In-band blocking measures receiver performance in the presence of an unwanted interfering signal falling into the UE receiver band or into the first 15 MHz below or above the UE receiver band. For the cases specified the wanted signal has a relatively low power (6-9 dB above the reference sensitivity level depending on channel bandwidth) while the unwanted signal has 5 MHz bandwidth and is configured at frequency offsets (from the measured carrier)  and power levels reported in Table 3. 

Table 4 – UE Receiver Requirements
	
	5 MHz
	10MHz 
	15MHz
	20MHz

	Reference Sensitivity (dBm)
	-99
	-96
	-94.2
	-93

	ACS (dB)
	33
	33
	30
	27

	ACS Case1
	Power in Transmission BW (dBm)
	-85
	-82
	-80.2
	-79

	
	Interferer Power (dBm)
	-53.5
	-50.5
	-51.7
	-53.5

	ACS Case2
	Power in Transmission BW (dBm)
	-56.5
	-56.5
	-53.5
	-50.5

	
	Interferer Power (dBm)
	-25 

	Interferer Centre Freq. Offset (MHz)
	(5.0025
	(7.5075
	(10.0125
	(12.5025

	                 In Band Blocking

	Power in Transmission BW (dBm)
	-93
	-90
	-87.2
	-84

	Case1
	Interferer Power (dBm)
	-56 

	
	Interf. Centre Freq. Offset (MHz)
	(10.0125
	(12.5025
	(15.0075
	(17.5125

	Case2
	Interferer Power (dBm)
	-44

	
	Interf. Centre Freq. Offset (MHz)
	(-15.0075
(+15.0075
	(-17.5125
(+17.5125
	(-20.0025
(+20.0025
	(-22.5075
(+22.5075
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Discussion
FCC specifies +23 dBm EIRP limit for end user devices without clarifying how to verify it;  +23 dBm 3GPP conductive requirement can still be specified.
In order to easily compare 3GPP and FCC OOBE limits [2], the requirements specified in Table 2 are translated in dBm/MHz and reported in Table 5. From the comparison it results that:

· SEM general requirements do not meet FCC limits for 
·  ( 0-5 MHz offset from channel edges for all channel bandwidth configurations; in addition for  ( 0-1 MHz offset the measurement BW (30KHz) results lower than the value specified by FCC (one percent the of the fundamental emission BW); 
·  ( 10-15 MHz offset from channel edges for 15MHz channel
·  ( 10-20 MHz offset from channel edges for 20MHz channel
·  ( 20-25 MHz offset from band-edges for 20MHz channel (for other channel bandwidth configurations SEM requirements are not available for this offset)
· ACLR limits (evaluated considering the maximum output power) do not satisfy FCC limits for  ( 10-15 MHz  offset for 15MHz channel and ( 10-20 MHz offset for  20 MHz channel 
Table 5 – 3GPP and FCC OOBE Limits (dBm/MHz)
	SEM General Requirements 
	SEM Additional req. NS_22 
	ACLR 
(for the 1st E_UTRA adjacent ch.)
	FCC OOBE 

	ΔfOOB
(MHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	5/10/15/20 MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	
	
	
	
	
	ΔfOOB  in the operat. band
	ΔfOOB < 3400 & >3800 
	
	
	
	
	

	( 0-1
	
	-2.7
	-4.7
	-5.7
	
	-40


	-13.5*
	-16.5*
	-18.3*
	-19.5*
	-13



	( 1-2.5
	-10
	-10
	-10
	-10 
	
	
	
	
	
	
	

	( 2.5-2.8
	-10
	-10
	-10
	-10 
	
	
	
	
	
	
	

	( 2.8-5
	-10
	-10
	-10
	-10
	
	
	
	
	
	
	

	( 5-6
	-13
	-13
	-13
	-13
	-30            
	
	
	
	
	
	

	( 6-10
	-25
	-13
	-13 
	-13 
	
	
	
	
	
	
	

	( 10-15
	
	-25
	-13 
	-13 
	
	
	
	
	-18.3*
	-19.5*
	-25

	( 15-20
	
	
	-25 
	-13 
	
	
	
	
	
	-19.5*
	

	( 20-25
	
	
	
	-25** 
	
	
	
	
	
	
	-25
- 40 (for band-edge channels)

	*ACLR absolute value is evaluated for +23dBm max power 

**SEM general req.  does not meet the FCC limit for band-edge channels 


3GPP spurious emissions limits (from -36 dBm/KHz to -30 dBm/MHz) outside the OOBE boundary are much higher than the -40dBm/MHz FCC limit which applies for any emission from 20MHz below/above the lower/upper band edge. (For 5MHz and 10MHz channels, whose OOBE boundary is respectively 10MHz and 15MHz below/above the lower/upper band edge, -25dBm/MHz FCC emission limit applies for frequencies until 20MHz from the band edges, neither such limit is met resulting much lower than -6 and -16dBm/MHz specified by 3GPP in that frequency range).
FCC limit are satisfied by SEM additional requirements, which however are defined only from 5MHz offset from channel edges.
At the receiver side:

· The reference sensitivity level reported in Table 4 matches for all channel bandwidth configurations the minimum value for signal strength (-96dBm/10MHz ) specified by FCC for the default PAL protection area contour;
· FFC specifies -40dBm/10MHz limit for PAL ACS and in-band blocking without specifying the reference value for power in transmission bandwidth. Assuming  a wanted signal level around -80dBm/10MHz (FCC co-channel interference limit for PAL users):
· ACS would be less than 40dB (vs. 33dB specified by 3GPP);
· Both interference and wanted signal would be higher than levels specified by 3GPP for in-band blocking.
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Conclusions
A new Network Signalled value should be specified for CBRS band with additional UE OOBE requirements and A-MPR values (to be defined) meeting FCC specifications in terms of both emission limits and measurement BW. FCC ACS requirement (-40dBm/10MHz) should be considered in specifications.  
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