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1. Introduction

While discussing power class requirements for frequency range 2 (FR2), the conversation of how to address defining a maximum TRP was triggered [1]. Driven by how this value could affect the system level performance, a maximum TRP was agreed in [2]. Lastly, a draft CR was endorsed to include the max value for band n261 [3].
This paper focuses on important aspects to consider while deriving the maximum TRP requirement for FR2 from the perspective of the UE and highlights some implications this limit may have on UE implementations and achievable minimum peak EIRP.
2. Discussion
2.1 Background
In the RAN4 AH #1801 meeting, a max TRP value of 23 dBm was agreed [2]. Using typical UE architecture parameters to derive the maximum value from the UE’s perspective, the paper states the importance of the upper bound is mainly rooted on co-existence issues for the network. Later in RAN4 #86-Bis, a draft CR implementing the max TRP value for band n261 was endorsed [3]. During online discussions [2,4], some concerns about this TRP were raised by companies. In this paper, we will address some issues in the assumptions used to derive the maximum TRP value from the UE’s perspective. The goal is to help ensure technical consistency in the values used for FR2.
2.2 Deriving maximum TRP
To derive the maximum TRP, we first need to take some assumptions for UE-related parameters. The table below lists the assumptions used in [2].

Table 1. TRP Budget for FR2 [2]
	QPSK
	
	28 GHz
	39 GHz

	Pout PA
	dBm
	14.0
	12.5

	# of elements
	
	4
	4

	Polarization gain
	dB
	3.0
	3.0

	Packaging loss
	dB
	0.5
	0.5

	Calibration error
	dB
	0.0
	0.0

	
	
	
	

	TRP
	dBm
	22.5
	21.0


As previously agreed in [5], power class requirements (peak EIRP, spherical coverage, and max TRP) are defined with QPSK as the reference waveform. The paper does mention that based on PA power capability, TRP would be about 2 dB lower if restricted to QPSK. 

Observation 1: As stipulated in [5], power class requirements should be defined using the same reference waveform.
Since the aim is to derive a maximum value for TRP, a higher value of 3.0 dB was used for polarization gain and very low losses were assumed. However, the output power of the PA was not maximized, but rather a typical value used in minimum derivations was used. Also, there is no PA tolerance for PVT variations included in the budget. Every single company who provided data in [6], reported having a 1 dB value for contribution to tolerance accounting for temperature, voltage, and process variation in conducted Tx power. In LTE and FR1, conducted power has a tolerance of +/- 2 dB. Therefore, it is important to account for this tolerance in the derivation.
Observation 2: Given that in both LTE and FR1 the conducted power has a tolerance of +/- 2 dB, and that all companies reported a tolerance for extreme conditions and variations in [6], the maximum TRP for FR2 should also include this tolerance.
Proposal 1: Include a PA tolerance for PVT variations in the budget to determine maximum TRP for FR2. RAN4 should agree on what value to use for this tolerance.
We also note that the current maximum TRP of 23 dBm can potentially limit other implementations not listed in Table 1. Architecture differences such as having a larger number of elements, or in the future a larger PA output power, may result in a TRP over 23 dBm. This is particularly relevant for the new FR2 UE types that aim to achieve a higher minimum peak EIRP [7]. To this point, the paper states that the upper bounds will not be restrictive since they assumed very optimistic losses. However, even with very optimistic losses, this may limit potential UE implementations.
Observation 3: To derive max TRP, it is not sufficient to only consider optimistic losses and best polarization gain while the rest of the parameters are typical values used in minimum derivations. This may restrict potential UE implementations, especially for new UE types aiming to achieve higher minimum peak EIRP values.

In line with Observation 3, the derivation of max TRP should take into account the potential UE architecture corresponding to UE types that aim to achieve a higher minimum peak EIRP.  One example value could be derived assuming 16 PAs, such that max TRP = 10*log10(16) + 14 + 3 = 29 dBm.  There is one open issue that will impact how we define the maximum TRP for FR2, how to handle pi/2 BPSK modulations with negative MPR. As the specific MPR values have not yet been finalized [8], RAN4 should align on how they will be treated eventually.
Observation 4: RAN4 should discuss and align on how to handle modulations with negative MPR when addressing max TRP for FR2 from the perspective of the UE. Two potential options are listed below.

· Option 1: define max TRP = [23/29/X dBm] + agreed tolerance + abs(MPR)
· Option 2: apply the same max TRP requirement to all modulations (requires discussion on which value to use)
Lastly, the 23 dBm max TRP is supported in great part by the fact that it was the assumption used in co-existence studies. While this is an important aspect, considering the tolerance alone may require the number to be revised from the UE’s perspective. As the remaining FR2 bands and UE types are discussed, we should address if the any changes to the max TRP require studying the impact to network simulations.
Observation 5: As the max TRP is derived for the remaining FR2 bands and new UE types are discussed in more detail, there may be a need to review the impact on network performance.
Proposal 2: RAN4 should align on how to proceed with max TRP derivations in FR2 ensuring both the UE’s and network’s impact are properly addressed, e.g. the maximum feasible value of TRP should be verified not to cause system level performance degradation, and discuss studies needed in the future.

3. Conclusions

This papers discussed how to address defining the maximum TRP requirement in FR2 from the UE’s perspective. The following observations and proposals were made:

Observation 1: As stipulated in [5], power class requirements should be defined using the same reference waveform. 
Observation 2: Given that in both LTE and FR1 the conducted power has a tolerance of +/- 2 dB, and that all companies reported a tolerance for extreme conditions and variations in [6], the maximum TRP for FR2 should also include this tolerance.
Proposal 1: Include a PA tolerance for PVT variations in the budget to determine maximum TRP for FR2. RAN4 should agree on what value to use for this tolerance.
Observation 3: To derive max TRP, it is not sufficient to only consider optimistic losses and best polarization gain while the rest of the parameters are typical values used in minimum derivations. This may restrict potential UE implementations, especially for new UE types aiming to achieve higher minimum peak EIRP values.
Observation 4: RAN4 should discuss and align on how to handle modulations with negative MPR when addressing max TRP for FR2 from the perspective of the UE. Two potential options are listed below.

· Option 1: define max TRP = [23/29/X dBm] + agreed tolerance + abs(MPR)

· Option 2: apply the same max TRP requirement to all modulations (requires discussion on which value to use)
Observation 5: As the max TRP is derived for the remaining FR2 bands and new UE types are discussed in more detail, there may be a need to review the impact on network performance.
Proposal 2: RAN4 should align on how to proceed with max TRP derivations in FR2 ensuring both the UE’s and network’s impact are properly addressed, e.g. the maximum feasible value of TRP should be verified not to cause system level performance degradation, and discuss studies needed in the future.
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