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1. Introduction

In this contribution, we review WI agreements and discuss NR UE RF remaining issues in range 1.
2. Status of NR UE RF discussion in range 1
In Table 1, we have summarized WI agreements and highlighted some remaining issues which have not been discussed so far and will be triggered in section 3. Other issues are already discussed and to be addressed in other papers.
Table 1: Summary on agreements in WI in range 1
	Requirement
	Outcome in SI
	Topic to be addressed in WI
	Agreement or status in WI
	Complete?


Tx 

	
	Tx maximum output power
	· At least conductive test is needed.
	· Conducted value

· Conducted tolerance

· Power sharing mechanism with LTE in NSA if specified
	· LTE refarming bands to reuse conducted values and tolerance of LTE.
· 23 dBm +2/-3 dB for Band n77/n78 (PC3)
· FFS for Band n79
· LTE and NR to share the transmission power such as 23 dBm
	· Yes except for Band n79

	
	MPR
	· At least conductive test is needed.
	· MPR values for both contiguous and non-contiguous resource allocation (MOP and emission requirements need to be defined first)

· Granularity of MPR spec table
	· Values are under discussion
· Non-contiguous RB allocation is deprioritized
	· No

	
	A-MPR
	· At least conductive test is needed.
	· Whether the same values as LTE are reused or not (MPR requirement is needed first)
	· NS mechanism is reused
· Values are under discussion(Issue 1
	· No

	
	PCMAX
	· At least conductive test is needed.
	· Calculation mechanism (e.g. reference SF)

· PCMAX tolerance
	· Power sharing mechanism is under discussion.
	· No

	
	Minimum output power
	· At least conductive test is needed.

· To specify -40dBm in sub-6GHz
	· No open issue
	· CBW above 20 MHz to reuse that of LTE intra-band contiguous CA i.e. power scaling
	· Yes

	
	Tx OFF power
	· At least conductive test is needed.

· To specify -50dBm/MHz in sub-6GHz
	· No open issue
	· None
	· Yes

	
	ON/OFF mask
	· At least conductive test is needed.
	· ON/OFF mask value 

· Whether shorter transient period (20 us) can be reused in sub-6GHz according to possible sub-carrier spacing
	· 10 us is feasible for ON/OFF mask
· Other use cases and corresponding values are under discussion
	· No

	
	Power control
	· At least conductive test is needed.
	· Power control requirements based on RAN1 agreement
	· None(Issue 2
	· No

	
	Frequency error
	· At least conductive test is needed.

· To specify 0.1ppm in sub-6GHz
	· No open issue
	· None
	· Yes

	
	EVM
	· At least conductive test is needed.

· Develop first requirements for the baseline CP-OFDM assuming suitable spectral confinement methods
· Similar Transmitter impairments to LTE will be used as baseline for sub-6 and mmWave studies (IQ Image, Carrier leakage, CIM3, Phasenoise)
	· EVM value for both average EVM measured over all the allocated PRBs and a few edge PRBs

· How to limit sub-carrier spacing for the Rel-15 WID 
· EVM equalizer spectrum flatness value
	· Pi/2 BPSK: [25%]

· QPSK: 17.5%

· 16QAM: 12.5%

· 64QAM: 8%

· 256QAM: 3.5%
	· Yes

	
	Carrier leakage
	· At least conductive test is needed.

· Develop first requirements for the baseline CP-OFDM assuming suitable spectral confinement methods
· Similar Transmitter impairments to LTE will be used as baseline for sub-6 and mmWave studies (IQ Image, Carrier leakage, CIM3, Phasenoise)
	· Carrier leakage value

· TRx impairment impact to multiple numerology case
· How to limit sub-carrier spacing for the Rel-15 WID 
	· -28
dBc: Output power > 10 dBm and carrier center frequency < 6 GHz

· -25
dBc: 0 dBm ≤ Output power ≤10 dBm

· -20
dBc: -30 dBm ≤ Output power ≤ 0 dBm

· -10
dBc: -40 dBm ≤ Output power < -30 dBm
	· Yes except for positions of carrier

	
	In-band emissions
	· At least conductive test is needed.

· Develop first requirements for the baseline CP-OFDM assuming suitable spectral confinement methods
· Similar Transmitter impairments to LTE will be used as baseline for sub-6 and mmWave studies (IQ Image, Carrier leakage, CIM3, Phasenoise)
	· In-band emission values 

· TRx impairment impact to multiple numerology case
· How to limit sub-carrier spacing for the Rel-15 WID 
	· General in-band emission to reuse LTE requirement with slight modification related with SCS. Measurement period is 10 sub-frames
· IQ image to be -28 dB for output power > 10 dBm, -25 dB for output power ≤ -10dBm respectively
	· Yes

	
	Occupied BW
	· At least conductive test is needed.
	· Occupied BW value
	· CBW up to 100 MHz to be specified (operating band dependent)
	· Yes

	
	SEM
	· At least conductive test is needed.

· Assume different numerologies and RB allocations
· NR UE shall meet the same SEM limit as that of LTE up to 20 MHz CBW. How to treat larger bandwidth than 20 MHz of NR is FFS.
	· SEM value
	· Same mask value as that of LTE intra-band contiguous CA
	· Yes

	
	ACLR
	· At least conductive test is needed.

· NR ACLR requirements for UTRA and E-UTRA are to be specified
	· ACLR value for UTRA, E-UTRA and NR
	· 30 dBc (PC3) and 31 dBc (PC2) for NR
· No requirement for E-UTRA (covered by NR ACLR)
· 33 dBc and 36 dBc for UTRA1 and UTRA2 with NS
	· Yes

	
	General spurious
	· At least conductive test is needed.

· NR UE shall meet the same spurious limit as that of LTE. How to treat FOOB of larger bandwidth than 20 MHz of NR is FFS.
	· General spurious value

· Actual required level in mmWave should also be investigated from system point of view (sub-6GHz -> mmWave)
	· Same spurious value as that of LTE
	· Yes 

	
	Additional spurious
	· At least conductive test is needed.

· The same limits are reused in legacy victim bands in sub-6GHz
	· How to treat NS applicable bands
	· NS mechanism of LTE is reused
	· Yes

	
	UE-to-UE coexistence
	· At least conductive test is needed.

· The same limits are reused in legacy victim bands in sub-6GHz
	·  Actual required level in mmWave should also be investigated from system point of view (sub-6GHz -> mmWave)
	· FFS actual required level in mmWave should also be investigated from system point of view (sub-6GHz -> mmWave) (Issue 3
	· No

	
	Tx intermodulation
	· At least conductive test is needed.
	· Tx intermodulation value
	· Same Tx intermodulation value as that of LTE
	· Yes

	Rx 
	REFSENS
	· At least conductive test is needed.
	· REFSENS value

· MSD impact in NSA of sub-6GHz and mmWave for both 1UL and 2UL.
	· NF, IM and SNR are under discussion
· MSD of LTE + NR sub6 is under discussion
· No MSD to be tentatively applied for some DC combinations of LTE + NR above24.
	· No

	
	Maximum input level
	· At least conductive test is needed.
	· Maximum input level value and the test modulation order
	· None(Issue 4
	· No

	
	ACS
	· At least conductive test is needed.
	· ACS value
	· LTE refarming bands and Band n77/n78 to reuse same ACS of LTE and intra-band contiguous CA.
· Band n79 to apply ACS of wanted BW=interference BS
	· Yes

	
	In-band blocking
	· At least conductive test is needed.
	· In-band blocking value
	· LTE refarming bands and Band n77/n78 to reuse same ACS of LTE and intra-band contiguous CA.
· FFS Band n79
	· Yes except for Band n79

	
	Out-of-band blocking
	· At least conductive test is needed.
	· Out-of-band blocking value
	· Wanted and blocker level and the frequency offset, resolution are under discussion
	· No

	
	Narrow-band blocking
	· At least conductive test is needed.
	· Narrow-band blocking value considering applicable bands
	· LTE refarming bands to reuse same NBB of LTE and intra-band contiguous CA
· Necessity is under discussion for Band n77, n78 and n79
	· No

	
	Spurious response
	· At least conductive test is needed.
	· 
	· To reuse LTE requirements
	· Yes

	
	Rx intermodulation
	· At least conductive test is needed.
	· Rx intermodulation value 
	· None(Issue 5
	· No

	
	Rx spurious emission
	· At least conductive test is needed.
	· Rx spurious emission value
	· None(Issue 6
	· No

	
	Receiver image
	· At least conductive test is needed.
	· Receiver image value
	· None(Issue 7
	· No

	
	 [New] In-channel selectivity
	· At least conductive test is needed.

· Definition in mixed numerology case should follow the same format as uplink, taking the possible power imbalance level between numerologies into consideration
	· In-channel selectivity value for different numerologies (15 and 60 kHz SCS) 
	· Not to specify Data/Data mix numerology FDM requirements
	· Yes


3. Remaining issues
3.1 Issue 1: A-MPR values
While it was agreed to reuse LTE NS mechanism, A-MPR values themselves haven’t been discussed yet. In NR MPR discussion, PA calibration point is being discussed. If linearity assumption is to be higher than that of LTE, A-MPR values could be impacted. However, considering remaining time in Rel-15, it may be difficult to discuss each NS case and reusing LTE A-MPR could be a straightforward way.


Proposal 1: It should be confirmed if LTE A-MPR values should reused or not.
3.2 Issue 2: Power control
Power control requirements such as absolute, relative and aggregated power control haven’t been discussed yet. Since RAN1 is still discussing some aspects on them, it would be difficult to discuss RAN4 requirements. In light of the situation, this should not be a bottleneck of the WI completion but how to treat this issue needs to be discussed.
Proposal 2: In order to complete the NSA work by December, it should be discussed on how to treat power control requirements.
3.3 Issue 3: UE-to-UE protection level at mmWave bands
Actual required level at above24 bands hasn’t be clarified at this moment. The value should be derived from MCL analysis and specified in the co-existence table of TS 38.101, TS 36.101 and TS 25.101. However, the testability of the spurious level at mmWave should also be taken into account. Since the aspect will be discussed in RAN5, sending an LS could be considered.
Proposal 3: Required UE-to-UE protection level at mmWave bands should be derived from MCL analysis and an LS of the testability aspect could be considered to RAN5.
3.4 Issue 4: Maximum input level

Considering system performance and UE feasibility aspects, we propose to use at least maximum input level of LTE and intra-band contiguous CA up to class F for NR sub6 UE of DL 64QAM and 256QAM.
Proposal 4: NR maximum input level should follow the requirements of LTE and intra-band contiguous CA up to class F as below.
Table 3.4-1: Proposed NR maximum input level

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	100
MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-252
	-222
	-212
	-202

	
	
	-273
	-243
	-233
	-223

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table xx with PCMAX_L as defined in subclause xx
NOTE 2:
Reference measurement channel is FFS for 64QAM
NOTE 3:
Reference measurement channel is FFS for 256QAM


3.5 Issue 5: Rx intermodulation
With the same principle as maximum input level above, we propose the following.
Proposal 5: NR Rx intermodulation should follow the requirements of LTE and intra-band contiguous CA up to class F as below.

Table 3.5-1: Proposed NR Wide band intermodulation

	Rx parameter
	Units 
	Channel bandwidth

	
	
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	100
MHz

	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	
REFSENS + channel bandwidth specific value below

	
	
	6
	6
	7
	9
	12
	13
	13.8
	15
	16

	PInterferer 1
(CW)
	dBm
	-46

	PInterferer 2
(Modulated)
	dBm
	-46

	BWInterferer 2
	MHz
	5

	FInterferer 1
(Offset)
	MHz
	–Foffset-7.5

/

+ Foffset+7.5

	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L,c or PCMAX_L as defined in TBD.

NOTE 2:
Reference measurement channel is TBD.

NOTE 3:
The modulated interferer consists of the Reference measurement channel specified in TBD.

NOTE 4:
The interfering modulated signal is TBD;

NOTE 5:
The Finterferer 1 (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the CW interferer and Finterferer 2 (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the modulated interferer.


3.6 Issue 6: Rx spurious emissions
With the same principle as agreed Tx general spurious emissions, we propose to apply the same requirements as those of LTE.

Proposal 6: NR Rx spurious emission should be specified as below.
Table 3.6-1: Proposed Rx Spurious emissions limits 
	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	30MHz ( f < 1GHz
	100 kHz
	-57 dBm
	

	1GHz ( f ( 12.75 GHz
	1 MHz
	-47 dBm
	

	12.75 GHz ( f ( 5th harmonic of the upper frequency edge of the DL operating band in GHz
	1 MHz
	-47 dBm
	1

	12.75 GHz < f < 26GHz
	1 MHz
	-47dBm
	2

	NOTE 1:
Applies for Band that the upper frequency edge of the DL Band more than [2.69] GHz

NOTE 2:
Applies for Band that the upper frequency edge of the DL Band more than [5.2] GHz


3.7 Issue 7: Receiver image
As with LTE, no requirement is needed for NR single-carrier operation. FFS intra-band contiguous NR CA.
Proposal 7: No receiver image requirement is specified for NR single-carrier operation and FFS for intra-band contiguous CA.
4. Conclusion

In this contribution we summarized WI agreements and status on NR UE RF discussion in range 1. Based on this, we have triggered discussions for some remaining issues which have not been discussed so far.

Proposal 1: It should be confirmed if LTE A-MPR values should reused or not.

Proposal 2: In order to complete the NSA work by December, it should be discussed on how to treat power control requirements.
Proposal 3: Required UE-to-UE protection level at mmWave bands should be derived from MCL analysis and an LS on the testability aspect could be considered to RAN5.
Proposal 4: NR maximum input level should follow the requirements of LTE and intra-band contiguous CA up to class F as below.
Table 3.4-1: Proposed NR maximum input level

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	100
MHz

	Power in Transmission Bandwidth Configuration
	dBm
	-252
	-222
	-212
	-202

	
	
	-273
	-243
	-233
	-223

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table xx with PCMAX_L as defined in subclause xx
NOTE 2:
Reference measurement channel is FFS for 64QAM
NOTE 3:
Reference measurement channel is FFS for 256QAM


Proposal 5: NR Rx intermodulation should follow the requirements of LTE and intra-band contiguous CA up to class F as below.

Table 3.5-1: Proposed NR Wide band intermodulation

	Rx parameter
	Units 
	Channel bandwidth

	
	
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	40
MHz
	50
MHz
	60
MHz
	80
MHz
	100
MHz

	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	
REFSENS + channel bandwidth specific value below

	
	
	6
	6
	7
	9
	12
	13
	13.8
	15
	16

	PInterferer 1
(CW)
	dBm
	-46

	PInterferer 2
(Modulated)
	dBm
	-46

	BWInterferer 2
	MHz
	5

	FInterferer 1
(Offset)
	MHz
	–Foffset-7.5

/

+ Foffset+7.5

	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L,c or PCMAX_L as defined in TBD.

NOTE 2:
Reference measurement channel is TBD.

NOTE 3:
The modulated interferer consists of the Reference measurement channel specified in TBD.

NOTE 4:
The interfering modulated signal is TBD;

NOTE 5:
The Finterferer 1 (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the CW interferer and Finterferer 2 (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the modulated interferer.


Proposal 6: NR Rx spurious emission should be specified as below.
Table 3.6-1: Proposed Rx Spurious emissions limits 
	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	30MHz ( f < 1GHz
	100 kHz
	-57 dBm
	

	1GHz ( f ( 12.75 GHz
	1 MHz
	-47 dBm
	

	12.75 GHz ( f ( 5th harmonic of the upper frequency edge of the DL operating band in GHz
	1 MHz
	-47 dBm
	1

	12.75 GHz < f < 26GHz
	1 MHz
	-47dBm
	2

	NOTE 1:
Applies for Band that the upper frequency edge of the DL Band more than [2.69] GHz

NOTE 2:
Applies for Band that the upper frequency edge of the DL Band more than [5.2] GHz


Proposal 7: No receiver image requirement is specified for NR single-carrier operation and FFS for NR intra-band contiguous CA.[image: image1.jpg]Y




