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Introduction 
One key aspect in supporting flexible channel bandwidth is how to define UE RF specifications over a wide range of carrier bandwidth in resolution of a single PRB. Following the way forward as defined in last RAN4 meeting [1], in this contribution, we discuss the UE RF requirements scalability over channel bandwidth and the possibility to parameterize them.                 
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Discussion
This paper preserves most of the contents which we presented in last RAN4 meeting [2]. 

The UE RF specifications scalability over channel bandwidth (CBW) can basically be divided into the following three categories,
· Channel bandwidth independent
· Linearly scalable with channel bandwidth
· Other dependency with channel bandwidth
The following categorization is based on current LTE UE single carrier and contiguous CA RF specifications. However, for NR a tweaking of certain requirements may be considered such that they can be truly scalable or parameterized over channel bandwidth as will be described in the following contexts. 
2.1 Channel bandwidth independent
The UE RF specifications belonging to this category include,
TX:
· Maximum output power
· PCMAX tolerance
· Minimum output power

· Transmit OFF power

· Power control tolerance

· Transmit frequency error

· EVM

· Carrier leakage

· In-band emissions

· ACLR
· Spurious emission limits

· Transmit intermodulation requirement

RX:

· Maximum input level for single carrier

· Adjacent channel selectivity (ACS) equal or less than 10 MHz

· In-band blocking equal or less than 10 MHz

· Image
2.2 Linearly scalable with channel bandwidth
The UE RF specifications belonging to this category include,

TX:

· Occupied bandwidth
· Transmit intermodulation interference signal frequency offset and measurement bandwidth
RX:
· Reference sensitivity
· Maximum input level for contiguous CA
· Adjacent channel selectivity above 10 MHz
· In-band blocking above 10 MHz
2.3 Other dependency with channel bandwidth
The UE RF specifications belonging to this category include,

TX:

· MPR

· A-MPR
· Spurious emission boundary FOOB
· Spectrum emission mask (SEM)
RX:

· Out-of-band blocking

· Narrow band blocking

· Spurious response

· Wide-band intermodulation  
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UE RF specifications for flexible channel bandwidth
3.1 Channel bandwidth independent or linearly scalable

For the UE RF specifications which are bandwidth independent or linearly scaled with channel bandwidth, defining the requirements on a finite set of channel bandwidth shall provide sufficient test coverage over all channel bandwidth.

3.2 Other dependency with channel bandwidth

For UE RF specifications with other dependency over channel bandwidth, the possibility of parametrizing them with bandwidth will be further elaborated in the following sub-sections.
MPR and A-MPR
In LTE, MPR and A-MPR requirements had mostly been evaluated by simulations. The methodology is expected to be of no difference for NR as whether it is for fixed channel bandwidth or for flexible channel bandwidth. The main distinction between the fixed channel bandwidth and the flexible channel bandwidth is that the latter is always populated with full-RB allocation while the former can be filled with partial RB in either contiguous or non-contiguous allocation. This characteristic for flexible channel bandwidth could simplify the MPR and A-MPR evaluation process and curtail the specifications representation. For example, based on the existing LTE MPR requirement for full-RB allocation, the MPR for flexible channel bandwidth could be represented by

	CBW (MHz)
	MPR (dB)

	
	QPSK
	16 QAM
	64 QAM

	CBW ≤ 20
	1
	2
	3

	20 < CBW ≤ 40
	2
	3
	3


	40 < CBW ≤ 60
	3
	3.5
	4


Table 3.2-1 LTE MPR requirements for CBW ≤ 60 MHz with full RB allocation
Since the MPR and A-MPR requirements had already been evaluated by simulations down to single RB resolution in LTE, it is expected that there would be no extra workload for flexible channel bandwidth MPR and A-MPR evaluations. Also there does not seem to have a strong need to parameterize MPR and A-MPR requirements over channel bandwidth as the tabular presentation for flexible channel bandwidth could be even more concise than the existing LTE requirements with CA.
Spurious emission boundary FOOB    

For channel bandwidth ≥ 5 MHz, the spurious emission domain and out-of-band (OOB) boundary FOOB can be formulated as,

FOOB = CBW + 5 (MHz)
Spectrum emission mask (SEM)
The general E-UTRA SEM requirement for channel bandwidth ≥ 10 MHz can essentially be parameterized as presented in Table 3.2-2.
	Spectrum emission limit (dBm)

	ΔfOOB (MHz)
	CBW (MHz)
	Measurement BW

	± (0 to 1) 
	-18 - 10log (CBW/10)
	30 kHz

	± (1 to 5) 
	-10
	1 MHz

	± (5 to CBW) 
	-13
	1 MHz

	± (CBW to (CBW + 5)) 
	-25
	1 MHz


Table 3.2-2 General E-UTRA spectrum emission mask for CBW ≥ 10 MHz 
Rx out-of-band blocking/narrow band blocking/spurious response/wide band intermodulation
For RX out-of-band blocking, narrow band blocking, spurious response, and wide band intermodulation, the main consideration is the interference offset frequency and the wanted signal levels. Though the interference offset frequency for narrow band blocking and wide band intermodulation does not linearly scale with channel bandwidth, they can be easily formulated which is summarized in Table 3.2-3.
	Fuw
	< 5 MHz
	≥ 5 MHz

	NB Blocking
	(CBW/2) + 0.2MHz
	(CBW/2) + 0.2MHz

	WB Intermodulation, Fuw1
	2*CBW
	(CBW/2) + 7.5MHz

	WB Intermodulation, Fuw2
	4*CBW
	2*Fuw1


Table 3.2-3 Interference offset frequency for NB blocking and WB intermodulation
Table 3.2-4 summarizes the wanted signal levels for the abovementioned RX requirements over channel bandwidth.     

	Pw (dBm)
	1.4MHz
	3MHz
	5MHz
	10MHz
	15MHz
	20MHz
	CA C
	CA D
	CA E
	CA F

	
	REFSENS + channel bandwidth specific value below

	OB Blocking
	6
	6
	6
	6
	7
	9
	9
	9
	9
	9

	NB Blocking
	22
	18
	16
	13
	14
	16
	16
	16
	16
	16

	Spurious Response
	6
	6
	6
	6
	7
	9
	9
	9
	9
	9

	WB Intermodulation
	12
	8
	6
	6
	7
	9
	12
	13.8
	15
	16


Table 3.2-4 Wanted signal levels for a few UE RX RF specifications over channel bandwidth
By slightly tweaking the wanted signal levels for the above Rx requirements as summarized in Table 3.2-5 which we believe would not impact much on UE device performance, the channel bandwidth dependency for these requirements can be much simplified.
	Pw (dBm)
	5MHz ≤ CBW < 20 MHz
	CBW ≥ 20 MHz

	
	REFSENS + CBW specific value below

	OB Blocking
	6
	9

	NB Blocking
	16
	16

	Spurious Response
	6
	9

	WB Intermodulation
	6
	9 + 10log(CBW/20)


Table 3.2-5 Proposed wanted signal level for the concerned Rx requirements for sub-6GHz NR
4
Conclusion
In this contribution, we provided further analysis on UE RF requirements scalability over channel bandwidth and concluded that most of the specifications are either channel bandwidth independent or can be parameterized as summarized in the following table.

	Tx Requirements
	CBW dependency

	Maximum output power
	Independent

	PCMAX tolerance
	Independent

	Minimum output power
	Independent

	Transmit OFF power
	Independent

	Power control tolerance
	Independent

	Transmit frequency error
	Independent

	EVM
	Independent

	Carrier leakage
	Independent

	In-band emissions
	Independent

	ACLR
	Independent

	Spurious emission limits
	Independent

	Transmit intermodulation requirement
	Independent

	Transmit intermodulation interference signal frequency offset and measurement bandwidth
	Can be parameterized

	Occupied bandwidth
	Can be parameterized

	MPR
	By simulations

	A-MPR
	By simulations

	Spurious emission boundary FOOB
	Can be parameterized

	Spectrum emission mask (SEM)
	Can be parameterized

	Rx Requirements
	 

	Maximum input level
	Independent

	Adjacent channel selectivity (ACS)
	Can be parameterized

	In-band blocking
	Can be parameterized

	Image
	Independent

	Reference sensitivity
	Can be parameterized

	Out-of-band blocking wanted signal level
	Can be parameterized

	Narrow band blocking interference offset frequency
	Can be parameterized

	Narrow band blocking wanted signal level
	Independent

	Spurious response wanted signal level
	Can be parameterized

	Wide-band intermodulation interference offset frequency
	Can be parameterized

	Wide-band intermodulation wanted signal level
	Can be parameterized
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