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Introduction
This contribution discusses UE transmitter requirements that are still unresolved.  The requirements are divided between those that apply generally to NR-U and those that are specific to NR-U in Band n46.
Discussion
General NR-U Tx requirements
Power class
NR-U will be define to support PC5.  The maximum output power is 20 dBm with tolerance ±2 dB.  PC3 support is also desired but not possible to complete within the Rel-16 work item timeframe.  Thus, it is marked “FFS” as a placeholder to indicate that there is intention to complete the specification for PC3.
Table 6.2.1-1: UE Power Class
	NR
band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 5 (dBm)
	Tolerance (dB)

	n46
	
	
	
	
	FFS
	FFS
	20
	±2



MPR
For PC5, an MPR proposal is detailed in [1].  The proposal only includes NR-U interlaced waveforms.  MPR for NR waveforms is not included in this version of the specification.
ACLR
ACLR has been discussed previously with a range from 25.5 to 30 dBc [2] but formal agreement has not been reached.  However, an agreement was recently reached on an SEM requirement for NR-U [3].  The agreed SEM requirements is relative in terms of dBr compared to the conventional NR SEM requirement which is absolute.  The intention of the SEM requirement and its derivation was based on coexistence and protection of other services, notably WiFi 802.11 family, that might be operating in the same band/channel.  Since SEM has already been agreed as such, then there is little need for an additional ACLR requirement which would have served the same purpose and is also a relative requirement.  Therefore, it is proposed that ACLR is superfluous and not needed.
In-band emissions
In-band emissions has not yet been discussed for NR-U.  The purpose of in-band emissions is to provide protection to other users in the same network within the same channel.  One possibility is to adopt the in-band emission requirement for eLAA from 36.101 and modified slightly in the second equation to account for different SCS in NR-U.  The general formulation becomes

Where a single interlace waveform is tested with ΔRB only valid in-between the allocated RB’s spaced by 10; that is, |ΔRB| ≤ 5.  The eLAA in-band emission requirement is justified in [4].  For eLAA two different interlaced waveforms were specified to be applicable for in-band emissions, rather than a general formulation that could apply to all waveforms.  The two waveforms were decided to specifically ease the measurement of LO leakage and IQ imbalance since they result in spurious products landing on unallocated RB’s.  The general in-band emission mask (first line in the equation above) was derived based on the simulation of a 2 GHz LTE PA against these particular two interlaced waveforms.  Moreover, the assumption in the simulation was -25 dBc and simulations were only run for modulations up to 64QAM.  
It is suggested to use the eLAA in-band emission requirement as a starting point for NR-U.  However, it is suggested that further verification and possible adjustment may be needed.
1. The PA model, especially for PC5 at 5 to 7 GHz, is not the same as a 2 GHz LTE PA
2. The LO leakage and IQ image for NR is -28 dBc
3. Modulation should include 256QAM
4. NR-U includes both DFT-S-OFDM as well as CP-OFDM without DFT pre-coding
5. The location of RB’s for DFT-S-OFDM may be shifted relative to the center of a channel that is intended to hold 106 RB’s for 20 MHz CP-OFDM.  This may have an impact on the exact RIV waveform and the expected location of image products.
Band n46-specific requirements
UL MIMO
It is proposed that UL MIMO is allowed for Band n46.  As RAN1 requirements already support UL MIMO with NR CP-OFDM it is understood that NR-U interlaced waveform is also supported by RAN1 specifications.  The RAN4 UL MIMO specifications should be able to apply to NR-U without special consideration or modification.  Uplink Tx diversity as a means to achieve PC3 power level from combining two PC5 transmissions with or without cyclic diversity is also under consideration, but is entangled in other ongoing discussion.  
NS scenarios and A-MPR
A-MPR is yet to be determined.  As a baseline it is proposed that the scenarios requiring A-MPR study for Band n46 are the same ones identified for eLAA in Band 46.  These include NS_28 for Europe, NS_29 for Japan, NS_30 for US, and NS_31 for Korea.  
NS_28 requirements include PSD, SEM, and additional spurious emissions.  Although the eLAA NS_28 SEM is shown below, ETSI is developing updated requirements similar to the NR-U SEM agreed in 3GPP.  If so, then no additional NS-based SEM requirement would be needed for NS_28 (however, eLAA specifications might need to be updated).  Shaded text below is extracted from 36.101 requirements for eLAA.
For E-UTRA CA bands including an uplink LAA Scell in Band 46, the UE shall meet the following additional requirements for transmission within the frequency ranges 5150-5350 MHz and 5470-5725 MHz:
-	a maximum mean power density of 10 dBm in any 1 MHz band when the network signaling value NS_28 or NS_29 is indicated in the LAA Scell;

When "NS_28” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.2.6-1 for E-UTRA channels assigned within the frequency ranges 5150-5350 and 5470-5725 MHz.
Table 6.6.2.2.6-1: Additional requirements
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
[dBm]
	Measurement bandwidth

	0 MHz  f < 0.5 MHz
	0.5 MHz  f_offset < 1 MHz
	10 – 20(f_offset/MHz) dB
	1 MHz 

	0.5 MHz  f < 9.5MHz
	1 MHz  f_offset < 10 MHz 
	-10 – 8/9(f_offset/MHz – 1) dB
	1 MHz 

	9.5 MHz  f < 19.5 MHz
	10 MHz  f_offset < 20 MHz
	-28 – 1.2(f_offset/MHz – 10) dB
	1 MHz 

	19.5 MHz  f
	20 MHz  f_offset
	-30
	1 MHz 

	NOTE 1:   The measurement filter ‑3dB point is that closest to the channel edge.
NOTE 2:   The requirement applies when the offset of the measurement filter centre frequency is such that both -3 dB points of the measurement filter are confined within any of the two frequency ranges 5150-5250 MHz and 5470-5725 MHz.



When "NS_28" is indicated in the cell, the power of any UE emission for E-UTRA channels assigned within 5150-5350 MHz and 5470-5725 MHz shall not exceed the levels specified in Table 6.6.3.3.24-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.
Table 6.6.3.3.24-1: Additional requirements
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20 MHz
	

	47 ≤ f ≤ 74
	-54
	100 kHz

	87.5 ≤ f ≤ 118
	-54
	100 kHz

	174 ≤ f ≤ 230
	-54
	100 kHz

	470 ≤ f ≤ 862
	-54
	100 kHz

	1000 ≤ f ≤ 5150
	-30
	1 MHz

	5350 ≤ f ≤ 5470
	-30
	1 MHz

	5725 ≤ f ≤ 26000
	-30
	1 MHz



NS_29 requirements include PSD, maximum occupied bandwidth, ACLR2, and additional spurious emissions.  Shaded text below is extracted from 36.101 requirements for eLAA.
For E-UTRA CA bands including an uplink LAA Scell in Band 46, the UE shall meet the following additional requirements for transmission within the frequency ranges 5150-5350 MHz and 5470-5725 MHz:
-	a maximum mean power density of 10 dBm in any 1 MHz band when the network signaling value NS_28 or NS_29 is indicated in the LAA Scell;
For E-UTRA CA bands including one uplink LAA Scell in Band 46 with "NS_29" indicated, the occupied bandwidth for all transmission bandwidth configurations (Resources Blocks) shall be less than or equal to 19 MHz and 19.7MHz for E-UTRA carriers of 20 MHz bandwidth assigned within 5150-5350 MHz and 5470-5725 MHz, respectively.
When "NS_29" is indicated in the cell, the UE emission shall meet the additional requirements specified in Table 6.6.2.3.1a-1 for E-UTRA channels assigned within the frequency ranges 5150-5350 MHz and 5470-5725 MHz. The assigned E-UTRA channel power and alternative adjacent E-UTRA channel power are measured with rectangular filters with measurement bandwidths specified in Table 6.6.2.3.1a-1. If the measured alternative adjacent channel power is greater than –50dBm then the E-UTRAACLR2 shall be higher than the value specified in Table 6.6.2.3.1a-1.
Table 6.6.2.3.1a-1: Additional E-UTRAACLR requirement
	
	Channel bandwidth / E-UTRAACLR2 / Measurement bandwidth

	
	20 MHz

	E-UTRAACLR2
	40 dBc

	E-UTRA channel Measurement bandwidth
	NOTE 1

	Adjacent channel centre frequency offset [MHz]
	+40
/
-40

	NOTE 1:	18 MHz for E-UTRA channels assigned within 5150-5350 MHz; 19 MHz for E-UTRA channels assigned within 5470-5725 MHz.  



When "NS_29" is indicated in the cell, the power of any UE emission for E-UTRA channels assigned within 5150-5350 and 5470-5725 MHz shall not exceed the levels specified in Table 6.6.3.3.25-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.
Table 6.6.3.3.25-1: Additional requirements
	Centre
Frequency Fc
[MHz]
	Protected range
[MHz]
	Frequency difference f between centre frequency –
5240 (for Fc=5180, 5200, 5220, 5240)
5260 (for Fc=5260, 5280, 5300, 5320) (MHz)
	Minimum requirement
[dBm]
	Measurement bandwidth

	5180, 5200, 5220, 5240
	5135 ≤ f ≤ 5142
	-
	-26
	1 MHz

	
	5142 < f ≤ 5150
	-
	-18
	

	
	5250 ≤ f < 5251
	≥ 10 and < 11
	10(10 - f)
	

	
	5251 ≤ f < 5260
	≥ 11 and < 20
	-10 – 8/9(f – 11)
	

	
	5260 ≤ f < 5266.7
	≥ 20 and < 26.7
	-18 – 1.2(f – 20)
	

	
	5266.7 ≤ f ≤ 5365
	-
	-26
	

	5260, 5280, 5300, 5320
	5135 ≤ f ≤ 5233.3
	-
	-26
	

	
	5233.3 < f ≤ 5240
	≥ 20 and < 26.7
	-18 – 1.2(f – 20)
	

	
	5240 < f ≤ 5249
	≥ 11 and < 20
	-10 – 8/9(f – 11)
	

	
	5249 < f ≤ 5250
	≥ 10 and < 11
	10(10 - f)
	

	
	5350 ≤ f ≤ 5365
	-
	-26
	

	5500, 5520, 5540, 5560, 5580, 5600, 5620, 5640, 5660, 5680, 5700
	5455 ≤ f ≤ 5460
	-
	-26
	

	
	5460 < f ≤ 5470
	-
	-19
	

	
	5725 ≤ f < 5740
	-
	-19
	

	
	5740 ≤ f ≤ 5745
	-
	-26
	



NS_30 requirements include PSD, SEM and additional spurious emissions.  Shaded text below is extracted from 36.101 requirements for eLAA.
For E-UTRA CA bands including an uplink LAA Scell in Band 46, the UE shall meet the following additional requirements for transmission within the frequency ranges 5150-5350 MHz and 5470-5725 MHz:
-	a maximum mean power density of 11 dBm in any 1 MHz band when the network signaling value NS_30 is indicated in the LAA Scell;
When "NS_30" is indicated in the cell, the power of any UE emission for E-UTRA channels assigned within 5150-5350 MHz, 5470-5725 MHz and 5725-5850 MHz shall not exceed the levels specified in Table 6.6.3.3.26-1, Table 6.6.3.3.26-2 and Table 6.6.3.3.26-3, respectively. These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.
Table 6.6.3.3.26-1: Additional requirements for E-UTRA channels assigned within 5150-5350 MHz
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20 MHz
	

	4500 ≤ f ≤ 5150
	-41
	1 MHz

	5350 ≤ f ≤ 5460
	-41
	



Table 6.6.3.3.26-2: Additional requirements for E-UTRA channels assigned within 5470-5725 MHz
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20 MHz
	

	4500 ≤ f ≤ 5150
	-41
	1 MHz

	5350 ≤ f ≤ 5460
	-41
	

	5460 < f ≤ 5470
	-27
	

	5725 ≤ f 
	-27
	



Table 6.6.3.3.26-3: Additional requirements for E-UTRA channels assigned within 5725-5850 MHz
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
[dBm]
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.5 MHz  f_offset < 5.5 MHz
	27 – 2.28(f_offset/MHz – 0.5)
	1 MHz 

	5 MHz  f < 25 MHz
	5.5 MHz  f_offset < 25.5 MHz 
	15.6 – 0.28(f_offset/MHz – 0.5)
	1 MHz 

	25 MHz  f < 75 MHz
	25.5 MHz  f_offset < 75.5 MHz
	10 – 0.74(f_offset/MHz – 0.5)
	1 MHz 

	75 MHz  f 
	75.5 MHz  f_offset
	-27
	1 MHz

	NOTE 1:   The frequency offset f_offset is below and above the range 5725-5850 MHz; the measurement filter ‑3dB point is that closest to the range 5725-5850 MHz
NOTE 2:   The requirement applies when the offset of the measurement filter centre frequency is such that both -3 dB points of the measurement filter are confined within the frequency range 5725-5850 MHz.



NS_31 requirements include PSD and additional spurious emissions.  Shaded text below is extracted from 36.101 requirements for eLAA.
the following additional requirements for transmission within the frequency range 5230-5250 MHz:
-	a maximum mean power density of 4 dBm in any 1 MHz band when the network signaling value NS_31 is indicated in the LAA Scell;
the following additional requirements for transmission within the frequency ranges 5150-5230 MHz, 5250-5350 MHz, 5470-5725 MHz and 5725-5850 MHz:
-	a maximum mean power density of 10 dBm in any 1 MHz band when the network signaling value NS_31 is indicated in the LAA Scell;
When "NS_31" is indicated in the cell, the power of any UE emission for E-UTRA channels assigned within 5150-5250 MHz, 5250-5350 MHz, 5470-5725 MHz and 5725-5850 MHz shall not exceed the levels specified in Table 6.6.3.3.27-1, Table 6.6.3.3.27-2, Table 6.6.3.3.27-3 and Table 6.6.3.3.27-4, respectively. These requirements also apply for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.
Table 6.6.3.3.27-1: Additional requirements for E-UTRA channels assigned within 5150-5250 MHz
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20 MHz
	

	f ≤ 5150
	-27
	1 MHz

	f ≥ 5250
	-27
	



Table 6.6.3.3.27-2: Additional requirements for E-UTRA channels assigned within 5250-5350 MHz
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20 MHz
	

	f ≤ 5250
	-27
	1 MHz

	f ≥ 5350
	-27
	



Table 6.6.3.3.27-3: Additional requirements for E-UTRA channels assigned within 5470-5725 MHz
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20 MHz
	

	f ≤ 5470
	-27
	1 MHz

	f ≥ 5725
	-27
	



Table 6.6.3.3.27-4: Additional requirements for E-UTRA channels assigned within 5725-5850 MHz
	Frequency band
(MHz)
	Channel bandwidth /
Spectrum emission limit
(dBm)
	Measurement bandwidth

	
	20 MHz
	

	f ≤ 5725
	-27
	1 MHz

	f ≥ 5850
	-27
	



Companies are encouraged to check whether these regulatory requirements as adopted for eLAA are up to date so that A-MPR simulations and measurements can be conducted.
Conclusion
This contribution provides a discussion of remaining UE Tx requirements.  While most Tx requirements have been discussed previously and many of them have agreements already, there are some requirements that have not yet been considered and may require further study.  Most notable in this contribution are in-band emissions and Band n46 specific NS scenarios for A-MPR.  For both of these, the analogous requirements from eLAA are proposed to be used as a starting point but companies are encouraged to study further in case any modifications are needed for NR-U.
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