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1. Introduction
In RAN4#83 power class definition for mmW was discussed. WF [1] was agreed where options on were listed as following:

· 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 
 It was also agreed to provide more input on several aspects for output power definition.
2. Discussion

Power class requirement has been discussed in many meetings. We have proposed so called CDF method where max EIRP capability of UE to all directions is specified [2,3,4] and then certain percentage of the directions should meet or exceed a value. In conjunction with EIRP requirement, a maximum limit for TRP is needed to limit emissions toward other cells in system [5]. This may not belong to the power class definition but is needed to limit co-channel interference from UE. Such requirement does not exist for LTE. Concerns have been expressed toward this way of specifying the mmW output power requirements and they have been captured in the agreed WF [1]. Instead of this method, some companies have been proposing to use more conventional method for output power requirement with TRP with the intent to ensure UE can provide enough conducted power to the antenna system. In the following sections, we will discuss why using TRP to describe output power capability of mmW UE is not feasible from UE or network design point of view. 

2.1. Coverage

Original reason for defining mmW UE with beam forming capabilities was to compensate for the larger pathloss of the higher frequency. To do this, UE must be able to use its beamforming for all operational modes. 

2.1.1. Accessing the network

First UE will need to find the network, a cell and then read system information and then enter to random access procedure. How UE will find the cell, is up to UE implementation. It is assumed that UE will have internal algorithm to scan all UE RX beams and identify the found cell(s). BS will periodically scan its TX beams and identify the beams with different Beam Reference Signals (BRS) in PBCH. Once UE has found the strongest cell and its strongest DL beam, UE will read further information from SIBs on details for RACH procedure. Until sending RACH, UE is in receive mode only so receiver sensitivity is the applicable requirement which defines the cell size for DL.
Once RACH procedure information is clear for UE, it can send PRACH on the applicable timing and format. If UE supports beam reciprocity, UE will send PRACH using the same what it used to find strongest DL signal. If UE does not support beam reciprocity, it will send the PRACH using different TX beams until if receives feedback from network. Network will then manage the UE TX from here on. Otherwise, RACH procedure can be like LTE. UE’s ability to reach network depends on its output power capability. 
For both, DL and UL, the cell size is dependent on the UE receive and transmit capability before it is in connected mode. If RAN4 defines UE requirements without assuming beamforming gain, the cell size for initial access will be defined based without getting gains from beamforming which then makes beamforming capability redundant in UE.
Observation 1: UE is expected to utilize beam forming gains while accessing the network
In Figure 1 we draw a cartoon to represent the two cases when UE performance is either based on TRS or EIS.   
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Figure 1 Cartoon drawing of Cell size assumption for assuming UE TRS requirements and EIS (with beamforming) assumptions
The TRS requirement for UE is redundant information since that is not used anywhere. Analysis is applicable similarly for TX requirements excerpt for the UE which does not support beam reciprocity but as discussed above, this only impacts initial access time for the UE since UE, not cell size.
Observation 2: Minimum capability requirement with TRS or TRP for UE is redundant if EIRP or EIS requirements are defined

2.1.2. Connected mode

One UE has established connection and can read PDCCH, network will manage the UE resources. UE will keep monitoring BRS signals in PBCH and report signal strengths back to network for each DL beam it can measure. UE will have autonomous bean management algorithm to manage it’s own beams. UE will find the beam forming settings that will yield strongest received signal from assigned BS DL beam. If UE supports beam reciprocity, UE will then use the same TX beam setting for UL as DL. If UE does not support beam reciprocity, network will manage UE beam through UE BRS. Similarly to initial access case, UE minimum TRP capability has no meaning for system requirements.

2.1.3. Multi beam UEs

If UE supports multiple beams, UL or DL, the use cases are spatial MIMO or dual connectivity. For MIMO, each beam needs to be managed individually. In some discussion, it is referred that it is more meaningful to define requirements using TRP since it captured the full output power capability of UE. This is true, but for exactly same reasons as for single beam UEs, TRP or TRS in multi beam case has no meaning from system point of view. Same applies for dual connectivity, each connection must be established and managed individually and to leverage gains from beam forming, the beams must be managed.

Observation 3: In multibeam UE, requirements must be defined for each beam

2.1.4. UL Link budget and constrains on UE Antenna design

UL link budget assumes beam forming gain to cover for larger pathloss at higher frequency. Beam forming will provide added gain for both TX and RX direction and enhance the UE ability and cell size compared to the case when 0 dBi antenna would be assumed. In some discussions, concerns have been expressed that defining requirements as EIRP and EIS would place constrains for UE antenna design. This is true and it is difficult to find counter arguments other than building mmW UEs in general is not mandatory. As stated many times, beam forming capability is needed and requirements for UE should be based on assumption that UE can do beam forming.

Observation 4: For mmW UE, beamforming ability is mandatory

2.2. Power control

UE must control its power with certain accuracy. Power control has two modes, open loop control and closed loop power control.

2.2.1. Open loop power control

In open loop, UE measures received power and calculates pathloss based on received power. To do this, UE has received information from network, such as BS output power and if pathloss should be compensated fully or only partially and for PRACH, what is the power ramping step size. If UE supports beam reciprocity, the antenna gain is same for RX and TX. UE can or can not include the antenna gain in pathloss estimate as long as it applies the output power setting with the same assumptions. 

Some concerns have been expressed that for absolute value of pathloss calculation, UE antenna gain would be needed but network does not need this this information for anything. If for some new reason it is needed, UE knows its antenna gain and can calculate pathloss and output power with the information of antenna gain. 

Observation 5: Pathloss estimate can, but does not need to, include UE antenna gain

If UE does not support beam reciprocity, network will manage the UE TX beams and UE will estimate the output power by knowing the TX antenna gain. The resulting accuracy is lower as with UE that supports beam reciprocity but not significantly. 

2.2.2. Closed loop power control

In closed loop, network tells UE to increase or decrease output power. Since antenna arrangement is passive, the output power before and after the antenna gain are linearly proportional when no beamforming update is assumed. If a power change and beam forming change happens at the same time, it is managed beam forming change from network side. E.g. PUCCH may be asked to send to a different beam than PUSCH. In this case network will manage the beam change and it must be assumed that both UL beams (for PUCCH and PUSCH) have been sounded before.

In connected mode, UE will change its beam only after reporting BRS power to the network and when network has provided information on possible beam pair change. 
Observation 6: Changes in antenna gain due to UE TX beam changes are accounted in beam management procedure 

2.3. Unwanted emissions

Unwanted emissions will be spec’d as TRP. This definition should be clear, in any given condition, emissions measured as TRP must not exceed defined level. The call is established with the link antenna which also measures the EIRP. The upwards power commands are sent until power is at its maximum value and PHR is zero. Then, measurement antenna circles the UE and measures power of unwanted emissions. This procedure is repeated for each beam forming settings. 
If output power is defined as TRP with especially minimum value for the maximum condition, setting UE to its maximum output power may seem simple since regardless of beam forming setting, PA will deliver the maximum output power when PHR is zero. However, it is not that simple since antenna pattern and cases losses may vary depending on beam direction and therefore TRP may vary depending on beam direction. 
Some unwanted emissions will be defined as relative to own channel power. This does not mean UE must meet certain minimum TRP but only that in procedure described above, in addition to measuring EIRP for each beam forming setting, test system measures TRP for own channel and adjacent channel. 

2.4. MPR and A-MPR

MPR stands for Maximum Power Reduction which means that maximum output power is reduced. If reason for MPR is emissions, then procedure for testing unwanted emissions in sections 2.3 is valid but the MPR is applied for what is the agreed output power definition. If it is peak EIRP, then UE peak EIRP capability is allowed to be reduced. If RAN4 defines spherical coverage requirements, then RAN4 needs to discuss how the MPR is applied for spherical coverage requirements.
2.5. Co-channel interference requirement

Since the mmW system exploits beam forming, the interference towards other cells is smaller than from 0 dBi antenna. In co-existence simulation study, the assumption of peak EIRP of 34 dBm and TRP of 23 dBm was made. This relation is different if UE beam is not pointing towards boresight and this was also accounted in co-existence study by randomizing UE orientation. 

Observation 7: Co-channel interference from one UE is not uniformly distributed to all direction from UE but as a statistical measure for describing the full population, it can be assumed uniformly distributed
RAN4 should set requirements for interference generated by UE to other than intended beam direction. One possible way to set the requirements is to define maximum limit for TRP in conjunction with EIRP requirement. An other possible way is to define sidelobe levels relative to the mainlobe, We would prefer the TRP method since it was the method used in the study and sidelobe levels depend highly on the beam forming and antenna arrangement so agreement on values may be very difficult. Maximum limit on the TRP on the other hand only mandates the minimum limit for the maximum beamforming gain for the implementation.
3. Output power requirement values  

In table 1 we show our revised budget for boresight EIRP. With phone case losses of 2 dB and with 2 polarizations boresight EIRP is 29.7 dBm. We have included the frequency dependency in to the values and polarization gain is not the theoretical maximum of 3 dB but 2.2 dB as suggested in [10]. Beam pointing loss is set to zero here since the assumptions is that test setup will find the maximum value. If fixed locations for the link antenna are defined for this measurement, UE may not be able to point the beam exactly towards the link antenna and then RAN4 should allow a non zero value for the beam pointing loss. Without agreement on definitions such as if peak EIR means peak over all frequencies, it is difficult to discuss details but here we are outlining aspects to be considered.
Table 1 Boresight EIRP budget

	Single element TRP
	14.0 dBm

	Antenna Array number
	4 dB

	Single element gain
	5 dB

	Gain droop over frequency
	1.5 dB

	Beam pointing loss
	0

	Plastic losses
	2 dB

	Dual pol gain
	2.2 dB

	 
	 

	QPSK-cell edge EIRP Boresight
	29.7 dBm


For the co-channel interference, co-existence study assumed 23 dBm TRP level when peak EIRP was 34 dBm [5]. In the study, the antenna was “mathematical” model based on three first values shown in Table 1. For the practical values and especially the difference between EIRP and TRP some discussion is needed. Plastic losses can be assumed to be a function of beam direction and what value of polarization gain can be used for polarization gain when measuring TRP as compared to EIRP is unclear but a as a good first order approximation, same values can be used. Therefore, assuming RAN4 specifies maximum output power as minimum value of peak EIRP (= EIRP to the direction where maximum performance is achieved) over frequency within a band, peak EIRP of 29.7 dBm and maximum TRP of  18.7 dBm would respect previous assumptions. 
The achievable EIRP over other directions than boresight is shown in Figure 1 as CDF, the plot is not normalized according to Table 1. Figure also plots achievable %-tiles but for now, similarly the values are not normalized. 
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Figure 2 CDF of peak EIRP performance of UE over all angles. 
Before agreeing values, Ran4 should agree the definition. Therefore we propose to specify two requirements for EIRP.

Proposal 1: RAN4 will specify UE power class based on EIRP only. 
In addition to EIRP, as discussed in section 2.5, limit for co-channel interference to other than beam direction is needed. This should not be part of output power definition but different values for different power class devices may be needed. UE should not be allowed to generate excessive interference to its surrounding environment. We explained the assumptions made in co-existence study and of two possible ways to specify this (side lobe level and TRP) we prefer to use the maximum allowed TRP in conjunction with the EIRP requirement. If EIRP will be specified with %-tiles, further studies on the values are needed.   
Proposal 2: RAN4 will specify only maximum limit for TRP which is not exceeded in any operating conditions for that power class UE   

4. Conclusion
In section 2, we discussed the feasibility of using EIRP for UE output power requirement and made 7 observations:
Observation 1: UE is expected to utilize beam forming gains while accessing the network
Observation 2: Minimum capability requirement with TRS or TRP for UE is redundant if EIRP or EIS requirements are defined

Observation 3: In multibeam UE, requirements must be defined for each beam

Observation 4: For mmW UE, beamforming ability is mandatory
Observation 5: Pathloss estimate can, but does not need to, include UE antenna gain

Observation 6: Changes in antenna gain due to UE TX beam changes are accounted in beam management procedure 

Observation 7: Co-channel interference from one UE is not uniformly distributed to all direction from UE but as a statistical measure for describing the full population, it can be assumed uniformly distributed
In section 3, we discussed how requirements could be defined for UE and provided some key peforamance values and two proposals
Proposal 1: RAN4 will specify UE power class based on EIRP only. 

Proposal 2: RAN4 will specify maximum TRP limit for mmW UE which is not exceeded in any operating conditions   
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