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Introduction
This contribution discusses the UE RF requirements for standalone SUL operation and provides the corresponding draft CR to TS 38.101-1.
Discussion
Operating band combination for SUL operation
A separate section of operating band combination for SUL is created [1]. The notation of SUL band combination was already agreed.

Channel bandwidth for SUL operation

As agreed in [3], channel bandwidth for SUL operation is captured.
Channel raster and ARFCN
For SUL and LTE-NR co-existence in LTE refarming NR bands (like Band 5 and Band 66), 7.5k raster shift is agreed in RAN1 so it should be captured in carrier frequency definition. 
Configured transmitted power
For SUL operation, a severing cell has two uplink carriers; Pcmax for SUL should be defined on each UL carrier per serving cell [2]. Also, delta Tib caused by the band combination should be specified [3].
Carrier leakage

As discussed and agreed previously, the carrier leakage frequency may also shift 7.5kHz with carrier frequency in some cases [3].
REFSENS and MSD due to harmonics
As in [3], REFSENS should be specified when SUL is configured as well as the MSD due to harmonic and delta Rib for band combination.
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.
3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)
BWChannel
Channel bandwidth
<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

SUL
Supplementary Uplink
<Next Section>
5.2
Operating bands

NR is designed to operate in the FR1 operating bands defined in Table 5.2-1.

Table 5.2-1: NR operating bands in FR1

	NR Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
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	n80
	1710 MHz
	-
	1785 MHz
	N/A
	SUL

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


<Next Section>
5.2x
Operating bands for SUL operation

NR SUL operation is designed to operate in the operating bands defined in Table 5.2B.1-1, where all operating bands are within FR1.
Table 5.2x.1-1: SUL operating bands in FR1

	NR SUL Band combination
	NR Band

(Table 5.2-1)

	SUL_n78-n80
	n78, n80

	
	

	
	

	
	

	
	


<Next Section>
5.3
Channel bandwidth
Table 5.3-1: Channel bandwidth
	NR Band
	Subcarrier spacing

[kHz]
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	[40

MHz]
	50

MHz
	[60

MHz]
	80

MHz
	100 MHz

	
	
	
	
	
	
	
	
	
	
	

	n78
	15
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	

	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	n79
	15
	
	
	
	
	
	
	
	
	

	
	30
	
	
	
	
	
	
	
	
	

	
	60
	
	
	
	
	
	
	
	
	

	n80
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	


5.3x
Channel bandwidth for SUL operation
Table 5.3x-1: Supported channel bandwidths per SUL band combination
	SUL Configuration
	NR Band
	Subcarrier spacing

[kHz]
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	40

MHz]
	50

MHz
	[60

MHz]
	80

MHz
	100 MHz

	SUL_n78A-n80A
	n78
	15
	
	Yes
	Yes
	Yes
	Yes
	Yes
	
	
	

	
	
	30
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	
	60
	
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	n80
	15
	Yes
	Yes
	Yes
	Yes
	
	
	
	
	


<Next Section>
5.4.4 
Channel frequency and NR ARFCN
The relation between NR ARFCN and the carrier frequency in MHz for the uplink is given by the following equation where FUL_low and NOffs-UL are given in Table xxx and NUL is the uplink NR ARFCN.

FUL = FUL_low + 0.1(NUL – NOffs-UL) + 0.0075*Δ for 100kHz channel raster

· where Δ=0 or 1 is indicated by the network.

Table 5.4.4-2: NR ARFCN
	NR Operating

Band
	Downlink
	Uplink

	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL
	FUL_low (MHz)
	NOffs-UL
	Range of NUL

	n1
	2110
	0
	0 – xxx
	1920
	18000
	18000 – 18599

	n2
	1930
	xxx
	xxxxxx
	1850
	18600
	18600 – 19199

	n3
	1805
	xxx
	xxxxxx
	1710
	19200
	19200 – 19949

	n5
	869
	xxx
	xxxxxx
	824
	20400
	20400 – 20649

	n7
	2620
	xxx
	xxxxxx
	2500
	20750
	20750 – 21449

	n8
	925
	xxx
	xxxxxx
	880
	21450
	21450 – 21799

	n20
	791
	xxx
	xxxxxx
	832
	24150
	24150 – 24449

	n28
	758
	xxx
	xxxxxx
	703
	27210
	27210 – 27659

	n38
	2570
	xxx
	xxxxxx
	Same as DL ARFCN

	n41
	2496
	xxx
	xxxxxx
	Same as DL ARFCN

	n50
	1432
	xxx
	xxxxxx
	Same as DL ARFCN

	n51
	1427
	xxx
	xxxxxx
	Same as DL ARFCN

	n66
	2110
	xxx
	xxxxxx
	1710
	28800
	28800 – 29499

	n70
	1995
	xxx
	xxxxxx
	1695
	29800
	29800 - 29949

	n71
	617
	xxx
	xxxxxx
	663
	29950
	29950 - 30299

	n74
	1475
	xxx
	xxxxxx
	1427
	30350
	30350 - 30779

	n75
	1432
	xxx
	xxxxxx
	N/A

	n76
	1427
	xxx
	xxxxxx
	N/A

	n77
	3300
	xxx
	xxxxxx
	Same as DL ARFCN

	n78
	3300
	xxx
	xxxxxx
	Same as DL ARFCN

	n79
	4400
	xxx
	xxxxxx
	Same as DL ARFCN

	n80
	N/A
	1710
	30780
	30780 - 31529

	n81
	N/A
	880
	31530
	31530 - 31879

	n82
	N/A
	832
	31880
	31880 - 32179

	n83
	N/A
	703
	32180
	32180 - 32629

	n84
	N/A
	1920
	32630
	32630 - 33229

	n85
	N/A
	2496
	33230
	33230 - 35169


<Next Section>
6.2.5x
Configured transmitted power for SUL operation
The UE is allowed to set its configured maximum output power PCMAX,c_UL_i for UL carrier i serving cell c. The configured maximum output power PCMAX,c_UL_i  is set within the following bounds:

PCMAX_L,c_UL_i  ≤  PCMAX,c_UL_i  ≤  PCMAX_H,c_UL_i  with


PCMAX_L,c_UL_i = MIN {PEMAX,c_UL_i – TC,c_UL_i,  (PPowerClass – ΔPPowerClass) – MAX(MPRc_UL_i + A-MPRc_UL_i + ΔTIB,c_UL_i + TC,c_UL_i, P-MPRc_UL_i)}


PCMAX_H,c_UL_i = MIN {PEMAX,c_UL_i,  PPowerClass – ΔPPowerClass}

where

-
PEMAX,c_UL_i is the value given by IE P-Max for UL carrier i serving cell c, defined in [x];

-
PPowerClass is the maximum UE power specified in Table 6.2.2-1 without taking into account the tolerance specified in the Table 6.2.2-1;

-
ΔPPowerClass = 3 dB for a power class 2 capable UE operating in Band 41, when P-max of 23 dBm or lower is indicated or if the uplink/downlink configuration is 0 or 6 in the cell; otherwise, ΔPPowerClass = 0 dB;
-
MPRc_UL_i  and A-MPRc_UL_i  for UL carrier i serving cell c are specified in subclause 6.2.3 and subclause 6.2.4, respectively;

-
TIB,c_UL_i is the additional tolerance for UL carrier i serving cell c as specified in Table 6.2.5-2; TIB,c_UL_i = 0 dB otherwise;

-
TC,c_UL_i = 1.5 dB when NOTE 2 in Table 6.2.2-1 applies;

-
TC,c_UL_i = 0 dB when NOTE 2 in Table 6.2.2-1 does not apply;

-
For a power class higher than default UE power class capable UE, ΔPPowerClass = PPowerClass – PPowerClass_Default dB, when the band is a TDD band whose frame configuration is 0 or 6; or P-max is not indicated in the cell; or P-Max is provided and set to the maximum output power of the default power class or lower, otherwise, ΔPPowerClass = 0 dB.
P-MPRc_UL_i is the allowed maximum output power reduction for

a)
ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;

b)
ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.

The UE shall apply P-MPRc_UL_i for serving cell c only for the above cases. For UE conducted conformance testing P-MPR shall be 0 dB

NOTE 1:
P-MPRc_UL_i was introduced in the PCMAX,c_UL_i equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.
NOTE 2: P-MPRc_UL_i may impact the maximum uplink performance for the selected UL transmission path.

The measured configured maximum output power PUMAX,c_UL_i  shall be within the following bounds:


PCMAX_L,c_UL_i   –  MAX{TL,c_UL_i , T(PCMAX_Lc_UL_i c)}  ≤  PUMAX,c_UL_i   ≤  PCMAX_H,c_UL_i   +  T(PCMAX_H,c_UL_i ).

where the tolerance T(PCMAX,c_UL_i ) for applicable values of PCMAX,c_UL_i  is specified in Table 6.2.5B-1. The tolerance TL,c_UL_i  is the absolute value of the lower tolerance for the applicable operating band as specified in Table 6.2.2-1.
Table 6.2.5x-1: PCMAX tolerance 

	PCMAX,c_UL_i 
(dBm)
	Tolerance T(PCMAX,c_UL_i )
(dB)

	23 < PCMAX,c_UL_i  ≤ 33
	2.0

	21 ≤ PCMAX,c_UL_i  ≤ 23
	2.0

	20 ≤ PCMAX,c_UL_i  < 21
	2.5

	19 ≤ PCMAX,c_UL_i  < 20
	3.5

	18 ≤ PCMAX,c_UL_i  < 19
	4.0

	13 ≤ PCMAX,c_UL_i  < 18
	5.0

	8 ≤ PCMAX,c_UL_i  < 13
	6.0

	-40 ≤ PCMAX,c_UL_i  < 8
	7.0


For the UE supports SUL band combination with the uplink carrier i in one uplink band the ΔTIB,c_UL_i is defined for the uplink carrier in one band in Table xxx.
Table 6.2.5x-2: ΔTIB,c_UL_i (two bands)

	SUL band
	NR Band
	ΔTIB,c_UL_i [dB]

	SUL_n78-n80
	n78
	0.8

	
	n80
	0.6


<Next Section>
6.4.2.2
Carrier leakage

Carrier leakage is an additive sinusoid waveform whose frequency is the same as the modulated waveform carrier frequency. The measurement interval is one slot in the time domain.
In the cases including SUL, the carrier leakage frequency may have 7.5kHz shift with the carrier frequency.
<Next Section>
7.3x

Reference sensitivity power level for SUL operation
For SUL operation, the reference receive sensitivity (REFSENS) requirement for downlink bands specified in Table 7.3-1 (two antenna ports) and Table 7.3-2 (four antenna ports) shall be met for an uplink transmission bandwidth less than or equal to that specified in Table 7.3-3 or supplementary uplink transmission bandwidth less than or equal to that specified in Table 7.3x-1.
Table 7.3x-1: Supplementary Uplink configuration for reference sensitivity
	Downlink band/ Uplink band /  Channel bandwidth / NRB

	Downlink band
	Uplink band
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	n78
	n80
	25
	52
	79
	106

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


For the UE that supports any of the SUL operation given in Table 7.3x-2, exceptions to the requirements specified in Table 7.3-1 (two antenna ports) and Table 7.3-2 (four antenna ports) are allowed when the uplink is active in a lower frequency band and is within a specified frequency range such that transmitter harmonics fall within the downlink transmission bandwidth assigned in a higher band as noted in Table 7.3x-2. For these exceptions, the UE shall meet the requirements specified in Table 7.3x-2 and Table 7.3x-3.

Table 7.3x-2: Reference sensitivity for SUL operation PREFSENS, SUL (exceptions due to harmonic issue)
	 Uplink band / Downlink band/ Channel bandwidth / MSD

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	40 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB

	n80
	n781,2
	22.1
	18.9 
	17.1 
	15.9 
	
	12.9

	
	n783
	1.9
	1.1
	0.8
	0.3
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.
NOTE 2:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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NOTE 3:
The requirements are only applicable to channel bandwidths with a carrier frequency at 
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are the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.


Table 7.3x-3: Supplementary Uplink configuration (exceptions due to harmonic issue)
	Downlink band/ Uplink band /  Channel bandwidth / NRB

	Downlink band
	Uplink band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	20 MHz

	n78
	n80
	12
	26
	39
	531
	1002

	NOTE 1:
The configuration is used for measurement of MSD for NR channel bandwidth of 20MHz.
NOTE 2:
The configuration is used for measurement of MSD for NR channel bandwidth of 40MHz.


Table 7.3x-4: ΔRIB,c (two bands)
	SUL band
	NR Band
	ΔRIB,c [dB]

	SUL_n78_n80
	n78
	0.5

	
	n80
	0.2


<End of Text Proposal>
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