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1. Introduction

 In the last RAN4 meeting RAN4#83 held in Hangzhou, China, the way forward on mmWave UE power class was approved [1] and the following was agreed. 
---------------------------------------- Start of the citation ----------------------------------------

· Both TRP and EIRP are considered for power class definition
· EIRP can be peak, boresight or %-tile or minimum value
· TRP can be max or min and max 
---------------------------------------- End of the citation ----------------------------------------

Regarding how to use the TRP and EIRP for power class definition, it has been identified in the WF that the following issues need to be addressed.

---------------------------------------- Start of the citation ----------------------------------------

· Definition of Unwanted emissions (ACLR, SEM, Spurious Emissions)
· Reference power in Power control related aspects (TS 38.213)
· Constraints on UE Antenna design
· Co-channel interference 
· UL Link budget
· Multibeam UEs
· Co-existence study assumptions (23 dBm conducted power, 20 dBm per polarization, with 4 antenna elements and 5 dBi element gain) 
· UE spherical coverage requirements
· MPR and A-MPR definitions 

---------------------------------------- End of the citation ----------------------------------------
This contribution presents our views on the mmWave UE power class definition as well as the related proposals. 
2. Discussion
2.1  EIRP value used for power class definition
Although it has been agreed that EIRP should be included in power class definition, different companies hold different views regarding whether the peak EIRP, or the 50% CDF should be used. The main concern of using the peak EIRP is that it only represents the radiated power in certain limited number of directions and means little to the system performance and network design. 
This concern may be solved by the idea of specifying an EIRP mask following the CDF method as proposed in [2], where the EIRP towards other directions rather than the boresight can be guaranteed by a minimum EIRP spherical coverage requirement. The EIRP mask should be dependent on the power class since different peak EIRP and TRP is specified for different power classes and it is not reasonable to put the same minimum EIRP spherical coverage requirement on UEs of different power class. 
Proposal 1 Use the peak EIRP for power class definition 

Proposal 2 Specify a power class-dependent EIRP mask based on the CDF method. The details of the mask are FFS. 
2.2 Power class definition
In the existing 3GPP specifications, the power class has been defined in term of a nominal maximum output power with a tolerance range. For each power class, the UE must exceed the lower limit (e.g. +21 dBm for PC3) but not exceed the maximum the upper limit (e.g. +25 dBm for PC3) for the specified conditions.   
Regarding how to include the TRP and EIRP into the power class definition, it has been agreed in the WF [3] approved in RAN4#82bis that an upper limit for TRP should be included. How to include the EIRP into the power class definition and whether a lower limit for TRP is needed are discussed below.

· Power class definition using EIRP
Since RAN1 has agreed that that NR supports beam specific power control as baseline [5], the maximum configured power for each beam Pcmax,b is better to be defined with EIRP which includes spatial dimension and is what really matters to the uplink performance, i.e., the energy that arrives at the target BS. 

Observation 1 The maximum configured power for each beam Pcmax,b is better to be defined with EIRP
EIRP can then be included into the power class definition using a nominal value and both upper and lower tolerance limit, as the power class definition using the conducted power in LTE, and the MPR and A-MPR are also referred to EIRP.
· Lower limit of TRP 
The motivation of including a lower limit of TRP in power class definition is still unclear. Major concern of without a lower limit of TRP is that the MPR/A-MPR cannot be referenced to TRP without a lower limit. It has been agreed in the SI that at least EIRP is used as the metric of MPR/A-MPR. Although it is FFS about the necessity of TRP, we do not see any reason to have two metrics. Moreover, if both the upper and lower limit of TRP and EIRP are specified, the antenna gain will be confined to the range [EIRP lower limit-TRP upper limit, EIRP upper limit-TRP lower limit], following the relationship between EIRP and TRP as shown below [4]

[image: image1.png]TRP = EIRP -(G+ u)




Where G is the antenna gain and (0 is the antenna efficiency (usually in the range –0.5 to –2dB). This is not reasonable because different UE types may have different optimum antenna arrangement that leads to different EIRP for a given TRP and such implementation flexibility should be allowed. 
Observation 2 The motivation of including a lower limit of TRP in power class definition is still unclear.
Observation 3 Specifying lower and upper limit for both EIRP and TRP in power class definition will confine the antenna implementation flexibility 

Based on the above discussion, we propose use the following format for mmWave power class definition.

Proposal 3: Adopt the following format for mmWave UE power class definition:
	Band number
	Power Class A

	28GHz
	TRP
	Peak EIRP

	
	Nominal
	Tolerance
	Nominal
	Tolerance

	
	23
	+2
	34
	-6/+2


3. Conclusion

This contribution discussed the mmWave UE power class definition and had the following observations and proposal.
Observation 1 The maximum configured power for each beam Pcmax,b is better to be defined with EIRP
Observation 2 The motivation of including a lower limit of TRP in power class definition is still unclear.
Observation 3 Specifying lower and upper limit for both EIRP and TRP in power class definition will confine the antenna implementation flexibility 

Proposal 1 Use the peak EIRP for power class definition 

Proposal 2 Specify a power class-dependent EIRP mask based on the CDF method. The details of the mask are FFS. 
Proposal 3: Adopt the following format for mmWave UE power class definition:
	Band number
	Power Class A

	28GHz
	TRP
	Peak EIRP

	
	Nominal
	Tolerance
	Nominal
	Tolerance

	
	23
	+2
	34
	-6/+2
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