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1. Introduction

In the last RAN #75 meeting, new WI on new radio Access technology has agreed to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communication (URLLC) in the radio frequency ranges up to 52.6 GHz. 
This work item is aimed at supporting the following connectivity options (*):

For single connectivity option:

-
NR connected to 5G-CN (Option 2 in TR 38.801 section 7.1).

For Dual Connectivity options:

-
E-UTRA-NR DC via EPC where the E-UTRA is the master (Option 3/3a/3x in TR 38.801 section 10.1.2);

-
E-UTRA-NR DC via 5G-CN where the E-UTRA is the master (Option 7/7a/7x in TR 38.801 section 10.1.4);

-
NR-E-UTRA DC via 5G-CN where the NR is the master (Option 4/4A in TR 38.801 section 10.1.3).
Hence, in this paper, we provide our views on the NR UE Tx requirements for both single and dual connectivity UE since there was no difference for the RF requirements between NSA UE and SA UE.
2. UE Transmitter requirements for NR UE
In rel-15 NR WI, RAN consider both standalone NR UE type and LTE + NR (NSA) NR UE type. Basically, shared antenna RF architectures are considered on LTE + sub-6GHz NR UE RF architecture. And different antenna and RFIC architecture are considered for LTE+ mmW NR UE.
Table 1 show the agreed NR UE TX requirements in SI phase and some issuing points.
Also we share the view how to define the transmitter requirement for both NSA and SA UE at sub-6GHz and mmW range.

Table 1. Consideration points and proposed Transmitter Requirements for NR UE
	RF requirement
	RAN4 agreed test metrics in TR38.803
	Consideration point
	Proposal

	TX Max power
	EIRP / Necessity of TRP considering regulation
	EIRP : Min or Avg or Max?

TRP_max to reduce interference into adjacent UE
	- Range 1: Power class 3 for NSA UE and SA UE

- Range2: Define separate power class with EIRP_max & TRP_max.

	MPR
	EIRP / Necessity of TRP
	SC-FDMA and OFDMA case will be applied for Uplink multiple Access scheme
	- Range1: Define MPR for OFDMA scheme. Reuse LTE MPR for SC-FDMA scheme
- Range2: Follow same principle in Range1, but FFS for SC-FDMA 

	A-MPR
	EIRP / Necessity of TRP
	To solve the Harmonic/IMD problems, A-MPR will be studied.

Also the regulation issues will be treated in the A-MPR session
	- Range1&2: Same approach as MPR will be applied for A-MPR to solve Harmonic/ IMD problem

	Pcmax
	EIRP / Necessity of TRP
	Should define configured Tx power for single connectivity and dual connectivity.
	- Range1: The configured Tx power defined based on share total power. For the NSA UE with LTE+ sub 6GHz, the delta Tib will be reuse the 0.8dB since the triplexer will be used for NSA UE.
- Range 2: The configured Tx power defined as separated power. And the delta Tib is 0dB for configured Tx power of mmW UE.

	Min. Power
	EIRP / Necessity of TRP
	Whether or not to reuse -40dBm in both LTE and mmW.
For the mmW range, -30dBm is considered.
	- Range1: Reuse the -40dBm.
- Range2: Define [-30dBm] with minimum RF path due to wide channel BW and PA characteristics

	TX OFF Power
	TRP
	-50dBm for both ranges or new OFF power level for mmW?
	- Range1 &2: Reuse the -50dBm.

For mmW UE, this functional test should only consider EIRP not TRP as test metric

	ON/OFF Mask
	Beam peak/Necessity of TRP
	Whether shorter transient period (20 us) can be reused in sub-6GHz.
Achievable transient period in mmWave (e.g., 28 GHz) devices assuming dynamic range of 63dB which is starting point
	- Range1: Align with sTTI transient time ((10(s for consecutives sTTI) as general transient period.
- Range2: Define 5 (s (for all SCSs) by considering LO retuning and HW ramping and configuration

	Power Control
	Beam peak/Necessity of TRP
	Specific beam power control was agreed in RAN1. Whether or not reuse power control requirements in sub-6GHz. For the mmW UE, beam specific power control can defined with multi-beam.
	RAN1 agreed to define beam specific open & closed loop UL power control. 
- Range1: Follow LTE requirements for conductive test.

- Range2: RAN4 should consider the beam specific power control for only beam peak case.

	Frequency error
	Beam peak
	Whether or reuse 0.1 ppm in both sub-6GHz and mmW UE
	- Range1: RAN4 reuse 0.1 ppm.
- Range2: Follow the same principle in range1. Need further discussion how to decide the reasonable frequency error. E.g.) SNR restriction of ICI impact related SCS

	EVM
	Beam peak
	Whether or reuse LTE EVM requirements in both sub-6GHz and mmW UE.
	- Range1: Reuse LTE EVM requirements for different modulation schemes.
- Range2: Follow same principle in range1. But the measurement parameters are FFS.

	Carrier leakage
	Beam peak
	Whether or reuse LTE Carrier leakage requirements in both sub-6GHz and mmW UE.
	- Range1: Reuse LTE carrier leakage requirements.

- Range2: Reuse -25dBm/MHz for over 10dBm power, but the lower power limit will be depend on the min. power limit.


	In-band emissions
	Beam peak
	Whether or reuse LTE IBE requirements in both sub-6GHz and mmW UE.
	- Range1: Reuse LTE IBE requirements.

- Range2:  Modified IBE parameters according to the SCS and channel BW

	Occupied BW
	TRP/Necessity of EIRP
	The bandwidth containing 99 % of the total integrated mean power of the transmitted spectrum on the assigned channel.
	- Range1 &2: Follow Same metric of LTE requirements.

	SEM
	TRP
	How to define (FooB region, and emission level
	- Range1: Follow same metric to define (FooB and emission level.
- Range2: Follow FCC regulation.

	ACLR
	TRP
	Depending on coexistence evaluation results
	- Range1: Follow LTE ACLR requirements.
- Range2: Follow ITU-R response due to no additional coexistence evaluation.

	General SE
	TRP
	Whether or reuse -30dBm in sub-6GHz. 
For mmW, whether or follow ITU-R response.
Measurement BW & freq. limits were agreed at RAN4 #82BIS meeting. 

* Test time aspects should be further investigated
	- Range1: Reuse LTE SE requirements and follow same rule in LTE to define FOOB.
- Range2: The SE in ITU-R response are considered and same rule to define FOOB.
- Measurement BW should be increased to reduce test time.

	Additional SE
	TRP
	It will be defined based on request
	- Range1 &2: FFS depending on the regional regulation

	UE to UE coexistence
	TRP
	Whether or reuse -50dBm/MHz based on regional protection bands
	- Range1 &2: Same principle will be used to determine the protection band with -50dBm/MHz.

	TX Intermodulation
	TRP
	Whether or reuse the interference level and frequency offset
	- Range1: Reuse LTE same requirements.
- Range2: Do not need to define this requirements until CW interference is identified in mmW.

	Beam Correspondence
	How to define Beam correspondence requirement
	How can verify the UE tx beam direction was aligned with UE received beam direction.
	- Range1: If RAN4 only define conductive test, then no needed. –Range2: Verify the Beam corresponding by measuring of UE transmitted beamforming spectrum when BS beam direction was fixed. 


1.1 Detail description for NR UE Tx requirements

2.1.1 Maximum output power and power class
The power class for NR UE was discussed and agreed WF [3] in last RAN4 meeting as below. 
Agreement

· UE must be able to produce certain EIRP
· Powerclass definition includes upper limit for TRP which need to be met regardless of beamforming settings
The expected EIRP level was calculated as below considering 4 transmitter antenna and 4dBi Ant. element gain and dual polarization.

· Max EIRP = max conducted power + max array gain + max antenna element gain + polarization gain = 17 + 6 + 4 + 3 = 30 dBm.

Our view on the power class for mmW UE is need to define multiple power class with different EIRP level and TRP level with upper limitation as below in Table 2. The Power class A is for dual polarization UE and Power class B is for single polarization UE.
Table 2. Power class for NR UE in mmWave

	NR Band
	Power class A
	Power class B

	
	EIRP_max
	TRP_max
	EIRP_max
	TRP_max

	X
	30 dBm
	+ 3 dB
	20 dBm
	+ 3 dB
	27 dBm
	+ 3 dB
	17 dBm
	+ 3 dB

	Note 1: NR UE maximum EIRP shall be less than the EIRP_max with tolerance
Note 2: NR UE maximum TRP shall be less than the TRP_max with tolerance


Based on the analysis of NR UE in mmW UE, we propose as follow

Proposal 1: For the maximum output power of mmWave UE, RAN4 should define multiple power classes considering the upper limitation of both EIRP and TRP test metric.
2.1.2 MPR/A-MPR
In NR UE RF requirements, RAN4 considered two candidate multiple access schemes such as OFDMA and SC-FDMA schemes. To derive MPR and A-MPR for multiple access scheme in 5G NR WI, RAN4 firstly can define related RF requirements based on OFDMA method in both range 1 &2. Since the MPR on SC-FDMA method will be reused in range 1. And MPR level of OFDMA scheme should be studied and specified in range 1 and range 2. Also the required MPR and A-MPR level of SC-FDMA method will be estimated lower than that of OFDMA method in range2.
So we propose as below
Proposal 2: Define MPR/A-MPR based on OFDMA scheme in both range 1&2. LTE MPR for SC-FDMA scheme will be reuse in range1. 
2.1.3 Configured Tx power 
For the configured Tx power, RAN4 should consider whether or not to share the total power between LTE band and new NR band. In the range1, the configured Tx power can be defined based on share total power. For the NSA UE with LTE + NR on sub 6GHz, the configured maximum output power will be shared between two bands and estimated the additional IL ((Tib) values for NSA UE in sub-6GHz will be reused the 0.8dB since the triplexer will be used for NR NSA UE.
In Range 2, the configured Tx power can be defined as separated power. And the estimated additional IL ((Tib) is 0dB for configured Tx power of mmW UE.
So we propose as below
Proposal 3: The configured Tx power on NSA UE in sub-6GHz will be defined as sharing the maximum output power between LTE and NR system. And the configured Tx power will be defined as individual power for each LTE and mmW NR.
2.1.4 Minimum Tx power & OFF power 
The candidate min. power was discussed in last RAN4 meeting. Our observation is -30dBm is reasonable min. power level based on PA characteristics and wide channel bandwidth operation in range2. One more remarkable point is that RAN4 should consider the minimum RF path will be activated to pass the min. power level. Also the OFF power can reuse the -50dBm level to pass the related test in both range 1&2 with EIRP test metric not TRP test method.
So we propose as below
Proposal 4: Define minimum output power with -30dBm using minimum RF based on PA characteristics and wide channel bandwidth operation in range2.
Proposal 5: Define Tx OFF power with -50dBm using EIRP test metric not TRP test method.

2.1.5 ON/OFF time mask 
In NR UE RF requirements, the transient time period was discussed in last RAN4 meeting. But some companies has different view on the transient time period in both range 1 and range 2. Also short TTI WI on LTE system discussed the transient time in sub-6GHz. They will decide the transient time level on LTE system in this RAN4 meeting. Hence the compromised transient time will be reused in NR UE in range 1. In range2, we considered some technical points such as LO retuning time (1us), HW ramping time (2us) and configuration time (2us) to determine the transient time period.
So we propose as below
Proposal 6: RAN4 should align the transient time on sub-6GHz NR UE within sTTI transient time ((10(s for consecutives sTTI) as general transient period. 
Proposal 7: RAN4 define 5 (s (for all SCSs) as transient time in range 2 by considering LO retuning and HW ramping and configuration.
2.1.6 Power control 
In the last RAN1 meeting, RAN1 agreed that NR defines beam specific open & closed loop power control. So multi-beam can be configured and has different beam parameters for each beam in both range1 &2. However, RAN4 basic assumption on UE RF requirements in sub-6GHz is that will be defined as conductive test. So power control of the specific beam in range 1 could not specified. It will be defined to follow legacy LTE power control requirements for conductive test only. 

However, in range2, RAN4 can consider this RAN1 agreements for the beam peak case. It means RAN4 do not need to define multi-beams test. RAN4 only focus on the power control test for maximum beam case. So we propose as below
Proposal 8: RAN4 follow LTE power control requirements by conductive test in range 1 UE. In range 2 UE, RAN4 should consider the beam specific power control for only maximum beam case.
2.1.7 Out-of-band emission (General SEM, SE and UE-to-UE coexistence)
In the NR SI phase, RAN4 agreed to reuse same SEM, spurious limit and UE-to-UE coexistence emission limit of LTE in range1. But the FooB range over 20MHz channel BW is not decided. In range2, RAN4 agreed to follow ITU-R response on SEM, spurious limit and reuse -50dBm as coexistence emission level. However RAN4 need to investigate the actual required SE level and coexistence emission level in mmWave. For the measurement time aspect [4] to test the related requirements, we propose to increase the measurement channel BW such as 2MHz or 5MHz in range2.
Based on this analysis, we propose as below

Proposal 9: In range 2, the proposed SEM, SE in ITU-R response should specified and should reuse -50dBm as coexistence emission level. The related measurement bandwidth should be increased to reduce test time for out-of-band emission requirements. Furthermore RAN4 follow same rule to define FOOB in both range 1 &2.
2.1.8 Other Tx requirements
· Tx intermodulation: The LTE requirements can be reused in range1 with same interference level and frequency offset. In range 2, the CW interference is not identified in mmW system. So RAN4 do not need to define this requirements until CW interference is identified in mmW.
· Beam corresponding: According to basic assumption for the test metric in range1, RAN4 only consider conductive test. So do not need to define the beam corresponding test. In range 2, RAN4 can define beam corresponding requirements. The test metric is minimum EIRP level by measuring of UE transmitted beamforming signal power in the frequency ranges which is included the reference boresight when 5G BS beam direction was fixed.
Based on the analysis, we propose as below
Proposal 10: For Tx intermodulation test in range2, the CW interference is not identified in mmW. So RAN4 do not need to define this requirements until the blocker is identified in mmW.

Proposal 11: For beam corresponding, RAN4 define the minimum EIRP level by measuring of UE transmitted beamforming signal power in the frequency ranges which is included the reference boresight when 5G BS beam direction was fixed.
3. Conclusions


In this contribution, we provide our views on how to define NR UE Tx requirements for both range 1&2. Based on the analysis in session 2, we share our proposals as below
Proposal 1: For the maximum output power of mmWave UE, RAN4 should define multiple power classes considering the upper limitation of both EIRP and TRP test metric.

Proposal 2: Define MPR/A-MPR based on OFDMA scheme in both range 1&2. LTE MPR for SC-FDMA scheme will be reuse in range1. 
Proposal 3: The configured Tx power on NSA UE in sub-6GHz will be defined as sharing the maximum output power between LTE and NR system. And the configured Tx power will be defined as individual power for each LTE and mmW NR.
Proposal 4: Define minimum output power with -30dBm using minimum RF based on PA characteristics and wide channel bandwidth operation in range2.
Proposal 5: Define Tx OFF power with -50dBm using EIRP test metric not TRP test method.

Proposal 6: RAN4 should align the transient time on sub-6GHz NR UE within sTTI transient time ((10(s for consecutives sTTI) as general transient period. 
Proposal 7: RAN4 define 5 (s (for all SCSs) as transient time in range 2 by considering LO retuning and HW ramping and configuration.
Proposal 8: RAN4 follow LTE power control requirements by conductive test in range 1 UE. In range 2 UE, RAN4 should consider the beam specific power control for only maximum beam case.
Proposal 9: In range 2, the proposed SEM, SE in ITU-R response should specified and should reuse -50dBm as coexistence emission level. The related measurement bandwidth should be increased to reduce test time for out-of-band emission requirements. Furthermore RAN4 follow same rule to define FOOB in both range 1 &2.
Proposal 10: For Tx intermodulation test in range2, the CW interference is not identified in mmW. So RAN4 do not need to define this requirements until the blocker is identified in mmW.

Proposal 11: For beam corresponding, RAN4 define the minimum EIRP level by measuring of UE transmitted beamforming signal power in the frequency ranges which is included the reference boresight when 5G BS beam direction was fixed.
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