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1 Introduction
In this contribution we provide motivation for directional EIRP requirement for the radiated transmit power for BS type 2-O, as well as related TP to TS 38.104. Value of the requirement itself is discussed in a separate contribution. 
2 Discussion
In case of BS type O-2, the BS is expected to be equipped with tens/hundreds of the TRXU units based on the small wavelength for FR2 and for the purpose of beamforming. The radiation patterns in FR2 will be characterized by high directivity as we as high antenna gains to combat high pathloss at mmW bands. Therefore, consideration of the directional requirement for the radiated BS TX power is considered as reasonable.
2.1 Introduction: TS 38.104 status
In the current TS 38.104 v0.4.0 the radiated BS Tx power requirement is completed for BS type 1-H and 1‑O. This requirement is basically reused from the AAS BS specification TS 37.105 where it was introduced for the first time.  
For the FR1, the radiated NR BS transmit power is specified as the EIRP directional accuracy requirement based on the manufacturer’s declared beams, at specific beam peak direction. For the purpose of this requirement, the following information elements needs to be declared by the manufacturer: 
· beam identity, 
· reference beam direction pair, 
· beamwidth, 
· rated beam EIRP, defined per beam as the maximum power that the BS is declared to radiate at the associated beam peak direction during the transmitter ON period,
· EIRP accuracy directions set, 
· beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beamwidth(s).
For the declared rated beam EIRP level, the value of the BS transmit power shall be met within the accuracy requirement for normal and extreme conditions in FR1. 
In the following subclause, we initiate the discussion for the FR2 radiated BS Tx power accuracy requirement. 
2.2 Analysis of the steering error
Based on the definition of the EIRP accuracy requirement for AAS BS, the EIRP accuracy can be approximated using root sum square of the error sources which are all assumed to be Gaussian distributed in the dB domain and uncorrelated. The root sum square EIRP accuracy can be approximated in a logarithmic scale by:

	[dB]
where:

	 - is the maximum conducted output power error at the transceiver unit output.

	 - is the variation in main beam EIRP due to beamforming errors caused by phase error at the transceiver unit output.

	  - is the variation due to the error in the passive elements, the RDN, the antenna array gain errors, mismatch errors and insertion losses variations.
In [2], the above mentioned steering error at mm Wave was discussed. The discussion continued to elaborate on the steering error accuracy metric, which was considered as either EIRP accuracy in dB or a direction error in deg. 
In the analysis for the steering error for AAS (i.e. FR1), a steering error of ~ 0.5dB was concluded for a system which has a randomly distributed (transceiver to transceiver) phase error with a maximum of ~25°. For FR2 there were number of key differences:
· The beam is much narrower so the effect pointing error of e.g. few degrees will be greater in terms of dB, that it would be in case of FR1
· The high frequency means the phase error between TRXUs is likely to be larger
· There are more transceiver units
Error in the direction of the beam was caused by errors in the phase applied to each of the antenna elements. Beam direction (and the related steering error) was changed when there was a phase progression over the elements, a fixed phase error applied to each of the elements did not change the direction of the beam. The results presented in [2] show that as long as the phase errors are random in nature that the beam steering error is relatively robust to phase errors.
The FR2 co-location antenna was analyzed with random phase errors applied to each radiating element and the effect on the steering error was examined as both EIRP error and steering direction error. Based on the results in [2], the following observations were made: 
	Observation 1: for the same max phase error, EIRP accuracy for FR2 is worse.
For the same phase error assumption the range 2 EIRP error should be approx 1dB rather than 0.5dB assumed for FR1.
It should also be considered that not all range 2 systems will be 1:1 and hence:
Observation 2: Architectures with fewer TRX units may suffer from greater variation.
Observation 3: Max phase error levels in range 2 would be expected to be larger than range 1.
For FR2 system it is likely all calibration will occur OTA and hence the phase error is not such an important parameter as the EIRP accuracy will be directly calibrate.
Observation 4: Calibration techniques should be considered before finalising EIRP accuracy value.



Based on the reference to the discussion in [2], it is considered that the radiated TX power for BS type 2-O shall be also expressed as the directional EIRP requirement (instead of the direction error in deg), with consideration of the FR2 specific steering accuracy error for the root sum square based EIRP accuracy derivation formula.
Proposal 1: the radiated TX power for BS type 2-O shall be expressed as the directional EIRP requirement, with consideration of the FR2 specific steering accuracy error for the root sum square based EIRP accuracy derivation formula.
For the testing purposes, it is proposed to basically reuse the approach from the FR1 and rely on the mnufacturer’s declarations and to test it over beam peak directions associated with a beam direction pairs within the EIRP accuracy directions set.
Proposal 2: the radiated TX power for BS type 2-O shall be tested over beam peak directions associated with a beam direction pairs within the EIRP accuracy directions set.
2.3 Normal and extreme conditions consideration
Referring to the current TS 38.104 v 0.4.0, the minimum requirement for BS type 1-H and 1-O was specified for Normal and for Extreme conditions. The requirement for Extreme conditions is based on the requirements derived for Normal conditions, with additional 0.5 dB tolerance added on top of it and resulting in the EIRP power accuracy requirement of ±2.7 dB of the claimed value.
For FR2, it can be expected that the due to narrower beams at mmW frequency bands, the potential temperature drift impacts could result in higher EIRP accuracy errors. Therefore, similar to the FR1, it is proposed to consider the Normal as well as the Extreme testing conditions for the radiated TX power for BS type 2-O.
Proposal 3: consider the Normal as well as the Extreme testing conditions for the radiated TX power for BS type 2-O.
Extreme testing procedure is out of scope of the Core part of the NR WI. 
2.3 Terminology for the direction sets 
Referring to the AAS BS TR 37.843, the following was captured for the EIRP power accuracy requirement: 
	[bookmark: _Toc496014677]5.2.3 	Output power accuracy
[bookmark: _Toc496014678]5.2.3.1	Core requirement
The existing EIRP output power accuracy requirements are adopted for the requirement in normal conditions. The accuracy requirement is hence ±2.2dB.
As there are now a number of transmitter requirements which are specified as directional requirements the existing directions set name and definition over which the EIRP accuracy is met (i.e. EIRP accuracy directions set) is no longer suitable. EIRP accuracy will now be defined over the more general OTA peak directions set(s), the requirement is modified accordingly.
For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within +2,2 dB and -2,2 dB of the claimed value.



Based on the above agreement, it is proposed to align the terminology among AAS and NR, and to replace the EIRP accuracy directions set with the OTA peak directions set for the directional EIRP power accuracy requirement for FR1 as well as for FR2.
Proposal 4: align the terminology among AAS and NR, and to replace the EIRP accuracy directions set with the OTA peak directions set for the directional EIRP power accuracy requirement for FR1 as well as for FR2.
3 Conclusion
Based on the discussion above, the following proposals were formulated: 
Proposal 1: radiated TX power for BS type 2-O shall be expressed as the directional EIRP requirement, with consideration of the FR2 specific steering accuracy error for the root sum square based EIRP accuracy derivation formula.
Proposal 2: the radiated TX power for BS type 2-O shall be tested over beam peak directions associated with a beam direction pairs within the EIRP accuracy directions set.
Proposal 3: consider the Normal as well as the Extreme testing conditions for the radiated TX power for BS type 2-O.
Proposal 4: align the terminology among AAS and NR, and to replace the EIRP accuracy directions set with the OTA peak directions set for the directional EIRP power accuracy requirement for FR1 as well as for FR2.
Furthermore the attached TP to the draft TS 38.104 is proposed for approval:
Proposal 5: approve the attached TP to draft TS 38.104 on the directional requirement for the radiated transmit power for BS type 2-O. 
Value of the requirement itself is discussed in a separate contribution.
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TP to the draft TS 38.104
In this section, TP to the TS 38.104 [1] is proposed for approval.
------------------------------ Modified section ------------------------------
[bookmark: _Toc497686482]9.2	Radiated transmit power
[bookmark: _Toc497686483]9.2.1	General
1-O [and 2-O] type BS type 1-O and BS type 2-O is declared to support one or more beams, as per manufacturer’s declarations specified in TS 38.141-2 [6]. Radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction.
For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beamwidth, rated beam EIRP, EIRP accuracy directions setOTA peak directions set, the beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beamwidth(s).
For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the base station is declared to radiate at the associated beam peak direction during the transmitter ON period.
For each beam peak direction associated with a beam direction pair within the EIRP accuracy directions setOTA peak directions set, a specific rated beam EIRP level may be claimed. Any claimed value shall be met within the accuracy requirement as described below. Rated beam EIRP is only required to be declared for the beam direction pairs subject to conformance testing as detailed in TS 38.141-2 [6].
NOTE 1:	EIRP accuracy directions setOTA peak directions set is set of beam peak directions for which the EIRP accuracy requirement is intended to be met. The beam peak directions are related to a corresponding contiguous range or discrete list of beam centre directions by the beam direction pairs included in the set.
NOTE 2: 	A beam direction pair is data set consisting of the beam centre direction and the related beam peak direction.
NOTE 3:	A declared EIRP value is a value provided by the manufacturer for verification according to the conformance specification declaration requirements, whereas a claimed EIRP value is provided by the manufacturer to the equipment user for normal operation of the equipment and is not subject to formal conformance testing.
[bookmark: _Toc497686484]9.2.2	Minimum requirement for BS type 1-H and 1-O
For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the EIRP accuracy directions setOTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±2.2 dB of the claimed value.
For each declared beam, in extreme conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions setEIRP accuracy directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±2.7 dB of the claimed value.
Normal and extreme conditions are defined in TS 38.141-2, annex B [6].
In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.
[bookmark: _Toc497686485]9.2.3	Minimum requirement for BS type 2-O
For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ± TBD dB of the claimed value.
For each declared beam, in extreme conditions, for any specific beam peak direction associated with a beam direction pair within the OTA peak directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within ±TBD dB of the claimed value.
Normal and extreme conditions are defined in TS 38.141-2, annex B [6].
In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.
FFS
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