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1. Introduction

In the last RAN Plenary meeting #75, the WI for NR has been approved following the NR SI that has been completed in February by the working groups. The NSA with LTE as primary cell (anchor) and NR as secondary cell has to be completed by December 2017, while full standalone NR operation supposed to be completed by June 2018.

In this contribution we discuss a possible approach in defining the maximum power for NR in the context of EIRP, TRP and UE beam forming capabilities, how other parameters like (MPR, A-MPR) can be derived, and finally what Pcmax definition would require.
2. Discussion

As specified by the FCC NPRM from July 2016, for the 28GHz and 38GHz bands, EIRP limits are defined for portable devices(43dBm), for static or semi-static devices (55dBm), while a TRP limit is considered for OOBE. RAN4 agreed as well that EIRP will be measured. However, in RAN4 February meeting, discussions about a necessity of a TRP limit [1] and about the CDF measurement method effectiveness versus a TRP generic requirement, due to its use for OOBE and ACLR requirements definitions in [2], took place. 
Also, during the NR SI, RAN1 discussed the power allocation techniques and even some detailed equations were suggested. In most of the cases, the maximum configured power Pcmax was used in same way as in legacy LTE equations. Also, RAN1 agreed on analogue beamforming UE capabilities description necessity, without details. Thus RAN4 has to discuss the UE output power considering these capabilities as well in order to have a clear approach that will lead to comprehensive and testable UE Tx related requirements.
Another aspect to consider is the UE power parameters broadcast by the network in the system information blocks, the P-Max (Pemax in 36.101), the NS values and the Pemax per band as NS. How these parameters will be signaled and what would be their significance in the NR case for the cmW and mmW cases, assuming that for below 6GHz the legacy procedures/significance will be maintained. 

In the end, the UE beamforming capabilities description and signaling is important in our opinion, since this information may have a considerable impact on requirements definition and the way the UE will be tested, demystifying the role of EIRP versus TRP and eventually lead to a common understanding of the OTA testing requirements for NR UE in the cmW and mmW ranges.
2.1. UE - EIRP, TRP, antenna directivity D, antenna gain G mathematical relations, and half power beam width (HPBW) impact
Let’s see the mathematical relation between EIRP, TRP, antenna directivity and antenna gain in order to facilitate further the discussion.
The TRP for an antenna system or panel that uses cross polarized elements has account for both polarizations in terms of radiated power on a direction  
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If we want to translate the above formula to a measurement system that has a finite number NxM of measurement directions over a sphere, similar to the CDF method setup, then the above formula (1) can be re-written as:
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(2)

In order to simplify further the discussion, we will substitute in equation (1) the EIRP sum with a radiated power density on a direction with 
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. With this notation, the TRP measured over a sphere of radius r can be written as:
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Using the power density on a direction 
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 and the TRP equation in (3) we can define the antenna directivity D as follows:
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Next we will define the antenna gain G, using the previously defined directivity D, and accounting for antenna efficiency
[image: image8.wmf]0

m

as follows:

[image: image9.wmf]D

G

0

m

=

 








(5)

In the end, we can write the antenna gain in a direction as function of the injected power 
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and thus, creating a relation between a conducted power and the antenna gain/directivity.
In the end, we can simply conclude that the following relation exist between TRP, EIRP and D in a logarithmic scale over the measurement sphere:

TRP = EIRP – D 








(7)

Observation 1:  If we have two of the quantities involved in equation (7), the 3rd one can be immediately derived.
RAN1 agreed to have UL analogue beamforming capabilities signalled by the UE. However, no details where agreed so far. But RAN4 has to assume some basic knowledge about UE beamforming capabilities description in order to define UE output power requirements and derive other related parameters.
Proposal 1: RAN4 has to decide on the UE beamforming capability description in order to have a clear understanding or the maximum output power requirement definition.

A good parameter that can describe the UE beamforming capability can be the half power beam width (HPBW). This parameter, together with antenna gain G, would be sufficient to characterize the UE output power in terms of EIRP, and TRP along with an appropriate power class definition.
Proposal 2: The half power beam width (HPBW) can be a parameter of the UE beamforming capability description.
Proposal 3: The UE antenna gain G can be a parameter of the UE beamforming capability description.

Observation 2: The CDF method setup can be used to test the HPBW UE capability.

Another observation is that the CDF measurement method may be scaled and adjusted to the antenna directivity/beamforming capability of the UE, meaning the number of the measurement points on the sphere can be scaled according to the HPBW parameter. However, this will involve a sufficient and appropriate UE beamforming capability description.

Observation 3: The CDF measurement method can be simplified or scaled in terms of required number of testing points on the sphere based on the UE beamforming capability description (for example if the half power beam width HPBW parameter is provided along with antenna gain G).

As a follow up, RAN4 may imagine a TRP based limit as a UE power class in order to simplify the process of MPR or A-MPR requirements derivation along with applicable tolerances. For multiple simultaneous beams, that are characterized by EIRP terms for different uplink directions, in the end a maximum TRP would be the limit to comply with.
Observation 4: Equation (7) may allow for a simplified description of the MPR or A-MPR requirements allowing for a kind of translation from TRP to EIRP or vice versa.
Proposal 4: A TRP based power class limit can be defined and then MPR or A-MPR requirements can be derived against the TRP. The EIRP values and gain reductions can be derived afterwards based on TRP, EIRP and antenna gain G relation.

2.2. Network signaled maximum power for the UE (P-Max) and NS values
Currently the P-Max (or Pemax) and NS based P-Max are coming via in SIBs and are considered conducted powers.
For NR, RAN4 will have to decide what will be the significance of the network signalled values and how to use them in the configured output power requirement definition. These values can be set as EIRP and/or TRP limits.
Both values TRP and EIRP may be useful in certain situations. There were preferences expressed in February meeting for an UE TRP limit along with an EIRP limit [1] and thus we are listing all 3 options in the following proposal.
Proposal 5: RAN4 has to decide on the P-Max and the NS values required limits:


Option 1: P-Max as a TRP limit



Option 2: P-Max as an EIRP limit


Option 3: P-max with both TRP and EIRP limits.
Our preference is Option 3 since it allows for maximum flexibility.
2.4 Maximum Configured Power in the context of NR – what and what has to be settled
In order to have a Maximum Configured Power comprehensive and generic requirement for NR, RAN4 needs first a common understanding of the usual parameters involved into this requirement. 
Thus, clear understanding of the following parameters is required:

· UE Power Class definition (in relation with TRP for example)
· UE beamforming capability (what is assumed to be known ex: Antenna Gain, half power beam width etc)

· MPR and A-MPR derivation base (against TRP for example)

· Pemax (P-Max or NS P-Max) significance (TRP, EIRP or need of both limits)

· How and where in the RF chain the tolerances would be applicable?
To conclude, we believe that the first thing to agree with is the UE beamforming capabilities description and then more parameters derivation can be envisioned.

If the proposals 2 and 3 are agreeable to RAN4, then an LS to RAN2/RAN1 can be sent informing them about RAN4 decision and preference in order to accelerate the work. 
Proposal 6: RAN4 to send an LS to RAN2 and RAN1 informing about the UE beamforming capability description agreements (example: HPBW and antenna gain G).
3. Conclusion 

In this contribution we discussed the UE output power for cmW and mmW in the context of TRP, EIRP, and UE beamforming capabilities, proposing an approach for UE output power definition, MPR, A-MPR derivation, Pemax interpretation options and for the set of parameters for UE beamforming capability description.
Observations:

Observation 1:  If we have two of the quantities involved in equation (7), the 3rd one can be immediately derived.

Observation 2: The CDF method setup can be used to test the HPBW UE capability.

Observation 3: The CDF measurement method can be simplified or scaled in terms of required number of testing points on the sphere based on the UE beamforming capability description (for example if the half power beam width HPBW parameter is provided along with antenna gain G).

Observation 4: Equation (7) may allow for a simplified description of the MPR or A-MPR requirements allowing for a kind of translation from TRP to EIRP or vice versa.
Proposals:
Proposal 1: RAN4 has to decide on the UE beamforming capability description in order to have a clear understanding or the maximum output power requirement definition.

Proposal 2: The half power beam width (HPBW) can be a parameter of the UE beamforming capability description.
Proposal 3: The UE antenna gain G can be a parameter of the UE beamforming capability description.

Proposal 4: A TRP based power class limit can be defined and then MPR or A-MPR requirements can be derived against the TRP. The EIRP values and gain reductions can be derived afterwards based on TRP, EIRP and antenna gain G relation.

Proposal 5: RAN4 has to decide on the P-Max and the NS values required limits:



Option 1: P-Max as a TRP limit



Option 2: P-Max as an EIRP limit


Option 3: P-max with both TRP and EIRP limits.

Proposal 6: RAN4 to send an LS to RAN2 and RAN1 informing about the UE beamforming capability description agreements (example: HPBW and antenna gain G).
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