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1	Introduction
For mmWave, the definition of UE power class is has been discussed for several RAN4 meeting cycles, while two major proposals extensively discussed, i.e., (a) specifying UE power class with TRP (with certain EIRP achievable) [1][5] and (b) specifying UE power class with EIRP with only maximum limit for TRP [2]. 
Based on RAN4 WF approved in April Spokane meeting [3], the following agreement has been achieved: 
	· UE must be able to produce certain EIRP
· Powerclass definition includes upper limit for TRP which need to be met regardless of beamforming settings
· Further details for power class definition are FFS



while the below agreement has been achieved in May Hangzhou meeting [4]: 
	· [bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK27]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 
· Max allowed EIRP for all UEs is 43 dBm for regulatory reasons
· Companies are encouraged to provide input
· For discussed issues mentioned in previous slides and their relevance for power class definition
· Feasible UE output power values, both TRP and EIRP considering different implementations
· Understanding of co-existence study outcome and impact to power class definition
· Feasible definition and values for spherical coverage
· Definition and values for power class and other in channel output power requirements will be decided in RAN4-NR#2 in Qingdao based on input



By analyzing the problems for current two major methodologies to define UE power class, in this paper, we will propose the mixed proposal, i.e., EIRP-based power class definition with UE’s maximum achievable TRP value reported to gNB. 

2 Analysis of Existing Power Class Definition
2.1 TRP-based mmWave UE Power Class
Till now, the current proposal of TRP-based mmWave UE power class definition is well summarized in [5], i.e., the lower and upper tolerance values for TRP will be defined for certain UE type. Specifically, from our understanding, the following three parts will be captured: 
1. [bookmark: OLE_LINK10][bookmark: OLE_LINK11]A nominal TRP which is related to UE type; 
2. A lower tolerance TRP defining the minimum power capability (may vary within the operating band); 
3. An upper tolerance TRP defining the maximum TRP at which the specified unwanted emissions (as specified by 3GPP) apply. 
As agreed in [3], additional requirement for lower limit of EIRP could be utilized with the above TRP-based UE power class to ensure the required minimum UL coverage range, in which the lower limit of EIRP should be guaranteed on the spherical coverage for certain agreed percentile. 
Also, it should be noted that RAN4 has already agreed that “Max allowed EIRP for all UEs is 43 dBm for regulatory reasons” [4]. Together with the lower limit of EIRP value mentioned above, the general range of achievable EIRP will be confined. 

Through extensive discussion in RAN4, the merits of this TRP-based power class definition are well summarized, which we copied as below:  
(a) TRP-based definition is more comparable to conductive power class definition, which facilitate the power control functions by utilizing the minimum TRP to calculate the power headroom reporting. 
(b) TRP-based definition is independent from UL beamforming configurations. 
(c) Emission requirement are defined with the upper limit of TRP.  

However, with this TRP-based definition, following concerns from UE implementation perspective should be noted: 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Problem-1: Mandating UE’s nominal TRP values (with upper and lower tolerances) for certain UE power class will preclude good UE implementation with lower power consumption and lower emission. Particularly, if adopting the nominal TRP-based power class definition, even for the advanced UE solution which can use a lower TRP value to well satisfy the additional lower limit of EIRP, it still has to increase the transmit power (i.e., employing higher power PA in the design) to make sure the nominal TRP requirement can be met (See the below example in Figure-1, i.e., UE-2 with better beamforming gain can’t pass the TRP-based power class definition). Consequently, UE vendors will lose the motive to design and implement better beamforming scheme (larger beamforming gain) which is able to maintain the same UL coverage but with lower power consumption and lower emission. 


Figure-1. Illustration of UE with better beamforming gain can’t pass the TRP-based power class definition 

[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Problem-2: Depending on the range between upper and lower limit of EIRP agreed by RAN4 finally, mandating UE’s nominal TRP values (with upper and lower tolerances) will specify the range of the offset between EIRP and TRP, then leading to mandatory beamforming antenna configuration with limited implementation flexibility. 
Problem-3: The difference between TRP and conductive transmit power could not be overlooked: As for the measured TRP value, the difference between TRP and conductive transmit power should include not only antenna efficiency but also the connection loss and additional loss by outer shell (which could be made by plastic or other materials). Obviously, to maintain the nominal TRP requirement (within +/- tolerance) will require UE vendors to predict the measured TRP by taking the above uncertainty into account, which will generate additional difficulty for UE design. 

Observation 1: With this TRP-based definition, following concerns from UE implementation perspective can be observed:
Problem-1: Mandating UE’s nominal TRP values (with upper and lower tolerances) for certain UE power class will preclude good UE implementation with lower power consumption and lower emission.
Problem-2: Mandating UE’s nominal TRP values will specify the range of the offset between EIRP and TRP, then leading to mandatory beamforming antenna configuration with limited implementation flexibility.
Problem-3: The difference between TRP and conductive transmit power (e.g., connection loss and additional loss due to outer shell) will generate additional difficulty when UE is designed to maintain certain nominal TRP value.

2.2 EIRP-based mmWave UE Power Class
On the other hand, EIRP-based power class is also well analyzed in RAN4: The logic of using EIRP to specify UE’s maximum power capability is to make sure the certain uplink coverage can be guaranteed by the certain power class, because the power class is essentially the most important metric to guarantee uplink coverage. 
Specifically, for the EIRP-based definition, at least the following two metrics can be considered [6]: 
1. Boresight EIRP value, i.e., the peak of maximum EIRP over any direction relative to UE. 
2. EIRP value which is provided by x-tile CDF point of EIRP values over all directions relative to UE (including or not including the boresight direction). 
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]For both EIRP values, the nominal EIRP values with upper and lower tolerance are used for EIRP-based UE power class. Furthermore, with certain TRP upper limit specified proposed by some companies, the interference level when considering coexistence scenarios can be confined.

Till last meeting, the concerns on EIRP-based mmWave UE power class definition can be summarized as below [7]: 
(x) Since multiple UL beamforming modes could be supported in NR, the power class definition should be generic enough to cover different types of UL beamforming but still give an indication of the power capability. It means the directivity metric, i.e., EIRP, less suitable for power class definition. 
(y) A minimum TRP could be used indicate the PA "size" that must be supported for a given power class. 
(z) The power class definition is related to the power control equations and the configured output power that depends on the power class. 
For the above three concerns, we have the following understandings: 
[bookmark: _GoBack]To solve the unclear point provided in (x), for mmWave, we can consider the power class as the metric for uplink coverage. Considering different beamforming modes could be employed, we can choose the representative mode, e.g., single-beam UL, to define the nominal EIRP. If RAN4 finds out the EIRP requirement defined with certain representative beamforming mode can’t guarantee the uplink coverage performance for other modes, additional requirements can be introduced for each power class to guarantee the coverage for other selected beamforming modes. Furthermore, as provided in our proposed power class definition as below, a UE-reported max achievable TRP value is also included to indicate the generic power capability of a UE implementation, which can be used as an indication of the UE’s actual “power capability” (see below for more details). 
For the concern mentioned in (y), our understanding is: if RAN4 confirm the necessity of introducing additional requirement for minimum TRP, of course this requirement can be added. However, considering the difference between TRP and conductive transmit power mentioned above, even with TRP-based power class definition, the minimum TRP is still not representative to indicate PA “size” for a given power class. In other words, whether or not to introduce minimum TRP requirement is not related to the power class definition discussion. Furthermore, EIRP-based definition can also be used for PA size indication, if antenna calibration ensures guaranteed beamforming response.
For the concern given in (z), we agree with the analysis in [5], i.e., TRP-based capability should be utilized by gNB’s UL power control to determine the remaining power of a particular UE following power control commands in closed-loop power control. However, we observed that there is another method to address Concern (z) than TRP-based power capability, which will be provided in the next section. 

3 Mixed Proposal for UE Power Class Definition
Considering the time limit to complete this power class definition in RAN4, in this paper, we provide a mixed proposal for UE power class definition as a compromise, which could solve concerns from both TRP and EIRP based power class. 
3.1 EIRP-based PC Definition with Maximum Achievable TRP Reported to gNB
Specifically, we introduce the UE-specific achievable TRP value, which is also part of UE capability, in addition to the above-mentioned EIRP-based power class definition. In details, the following three parts will be specified in this mixed proposal:  
(a) UE-specific Maximum Achievable TRP can be reported from UE to gNB: A UE is not mandatory to produce a minimum level of maximum achievable TRP. Instead, it can declare its maximum achievable value and report to gNB. This value may vary among different UE implementations, and it will give UE vendors enough motivation and flexibility to pursuit better UE implementation with lower power consumption and lower emission. UE can report the declared max TRP through UE capability signaling or the interface of headroom report, so no additional protocol implementation is needed. Since this TRP-value based capability is reported from UE to network, certain tolerance should be introduced for phone-to-phone variance, and corresponding test case could be introduced to test this. 
(b) Similar to EIRP-based power class, the nominal EIRP values with upper and lower tolerance will be defined for a certain power class (just like power class in LTE, +/- tolerance should be provided). As mentioned above, the representative beamforming mode could be used to define this nominal EIRP, and this could be captured in the power class table’s note. As long as this beamforming mode is representative for uplink coverage performance, only the power class requirement for this mode is needed; if not, RAN4 can consider to introduce the EIRP-based requirement on other modes. 
Proposal 1: Adopt the following mixed proposal for mmWave UE power class, with:
- Nominal EIRP value with upper and lower tolerance is defined for UE power class;
- UE declares the UE-specific maximum achievable TRP value and reports this to gNB. 

With the declared max TRP value by UE, concerns in Sec 2.2 can be addressed similarly as how a mandatary max TRP requirement can address. E.g., a generic power capability of UE is also informed to gNB with the declared value; power control equation can use the declared value instead of the mandatory value.
Observation 2: With this mixed proposal (EIRP-based Power Class Definition with UE-specific Maximum Achievable TRP Reported to gNB), the concerns on legacy EIRP-based power class definition can be solved, that is,
- A generic power capability of UE (other than depending on certain UL beamforming mode) is informed to gNB with the declared TRP value;
- Power control equation can use the declared TRP value instead of the mandatory one. 

To limit the interference to other directions, the upper limit on the reported max TRP can be required in the specification as following previous WF agreement in [3]. The specification can define the allowed range for UE-specific Maximum Achievable TRP reported to gNB, while the upper limit should be the same as the above (c) in TRP-based definition, i.e., the upper limit for interference control purpose. For the lower limit of UE-specific Maximum Achievable TRP reported by UE, RAN4 can discuss a reasonable value to allow the future improvement for UE beamforming implementation.  
Proposal 2: The range of UE-specific Maximum Achievable TRP reported from UE to gNB can be specified: 
- The upper limit can be defined by considering emission and interference control;
- The lower limit can be defined to allow a reasonable TRP range for different beamforming implementation. 

3.2 Merits of Mixed Proposal
For this mixed proposal, i.e., EIRP-based PC Definition with Maximum Achievable TRP Reported to gNB, at least the following merits can be observed:  

•	UE Power Saving: As indicated above, with the declared TRP value (instead of the mandatory one in TRP-based power class definition), the advanced UE solution which can use a lower TRP value to well satisfy the additional lower limit of EIRP can be allowed. As illustrated in the below Figure-2. UE-2 with better beamforming gain and less power consumption can be allowed, which is different from traditional TRP-based power class definition. 



Figure-2. Illustration of UE with better beamforming gain is allowed under the new mixed proposal 
•	Flexibility encourages UE vendors to improve antenna and beamforming design to produce even lower emission in the future. Based on current discussion, emission requirement will be TRP based. If MPR/A-MPR is limited by SEM and spurious (neither ACLR nor EVM) and defined based on some typical UE implementation, the UE with smaller reported TRP value will be easier to meet SEM and spurious and potentially require smaller or even no MPR/A-MPR.

Observation 4: With this mixed proposal (EIRP-based Power Class Definition with UE-specific Maximum Achievable TRP Reported to gNB), the following merits can be observed: 
- Better power saving UE is allowed and encouraged;
- Allow UE implementation flexibility which encourages UE vendors to improve antenna and beamforming design to produce even lower emission in the future.

3.3 Expected Format in TS 38.101
Based on the above discussion, the following definition for mmWave power class and related requirement can be provided in the format like below. It should be noted all values in the below table are just for illustration purpose.  

	NR Band
	Power class A
	Power class B

	
	EIRP
	Reported TRP Range
	EIRP
	Reported TRP Range

	
	Nominal
	Tolerance
	Lower Limit
	Upper Limit
	Nominal
	Tolerance
	Lower Limit
	Upper Limit

	X
	34 dBm
	+X /-Y dB
	11 dBm
	23dBm
	30 dBm
	+X /-Y dB
	11 dBm
	23dBm

	Y
	 
	 
	 
	 
	 
	 
	 
	 



4 Conclusion
In this paper, we provide our observations and proposals on the EIRP-based power class definition with UE’s maximum achievable TRP value reported to gNB: 
Observation 1: With this TRP-based definition, following concerns from UE implementation perspective can be observed:
Problem-1: Mandating UE’s nominal TRP values (with upper and lower tolerances) for certain UE power class will preclude good UE implementation with lower power consumption and lower emission.
Problem-2: Mandating UE’s nominal TRP values will specify the range of the offset between EIRP and TRP, then leading to mandatory beamforming antenna configuration with limited implementation flexibility. 
Problem-3: The difference between TRP and conductive transmit power (e.g., connection loss and additional loss due to outer shell) will generate additional difficulty when UE is designed to maintain certain nominal TRP value. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 1: Adopt the following mixed proposal for mmWave UE power class, with:
- Nominal EIRP value with upper and lower tolerance is defined for UE power class;
- UE declares the UE-specific maximum achievable TRP value and reports this to gNB. 
Proposal 2: The range of UE-specific Maximum Achievable TRP reported from UE to gNB can be specified: 
- The upper limit can be defined by considering emission and interference control;
- The lower limit can be defined to allow a reasonable TRP range for different beamforming implementation. 
Observation 2: With this mixed proposal (EIRP-based Power Class Definition with UE-specific Maximum Achievable TRP Reported to gNB), the concerns on legacy EIRP-based power class definition can be solved, that is,
- A generic power capability of UE (other than depending on certain UL beamforming mode) is informed to gNB with the declared TRP value;
- Power control equation can use the declared TRP value instead of the mandatory one 
Observation 4: With this mixed proposal (EIRP-based Power Class Definition with UE-specific Maximum Achievable TRP Reported to gNB), the following merits can be observed: 
- Better power saving UE is allowed and encouraged;
- Allow UE implementation flexibility which encourages UE vendors to improve antenna and beamforming design to produce even lower emission in the future.
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