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1. [bookmark: _Ref71296739]Introduction
The work item led by RAN4 for NR FR1 TRP-TRS [1] was approved during March plenary meeting, further updated during June plenary, which includes a secondary responsibility for RAN5 to develop the Measurement Uncertainty (MU) assessment. During RAN5#92-e, the work plan and initial agreements on this MU work were agreed in [2]. 
The aim of this contribution is to progress on the identification of impacted MU terms making use of those in TS 37.544 [3] and focusing on those that can be affected by: 
· Frequency extension to the full FR1 range (i.e. 410MHz to 7125MHz)
· Extension of the maximum channel BW compared to UTRA / E-UTRA.
· Impact analysis of test system setup for EN-DC measurements. 
· Clean-up and/or consolidation of MU contributors.
2. [bookmark: OLE_LINK10][bookmark: OLE_LINK11]MU contributors in TS 37.544
Annex E of TS 37.544 [3] contains the MU calculation principles, the list of MU contributors, the description for each MU contribution and several example uncertainty budgets. 
Table 2‑1 and Table 2‑2 present the list of uncertainty contributors, for TRP and TRS respectively, extracted from TS 37.544 [3]. A column was added to reflect the items that:
a) Are impacted by changes related to NR FR1 (e.g. extended frequency range), and in what way.
b) Could be consolidated with other contributors and/or description could be updated.
c) Example uncertainty value need to or could be revised.
[bookmark: _Ref71652709][bookmark: _Ref71652706]Table 2‑1: Uncertainty contributions in TRP measurement for anechoic chamber method (Table E.1-1 of TS 37.544 [3])
	Description of uncertainty contribution
	Change type

	Stage 1: DUT measurement

	1) Mismatch of receiver chain (i.e. between probe antenna and measurement receiver)
	c) to check impact of the extended frequency range

	2) Insertion loss of receiver chain
	N/A

	3) Influence of the probe antenna cable
	N/A

	4) Uncertainty of the absolute antenna gain of the probe antenna
	b). Given the proposed method for calibration measurement, this item could be removed.

	5) Measurement Receiver: uncertainty of the absolute level
	c) to reflect the performance of state-of-the-art equipment

	6) Measurement distance
	a), b) and c) to reflect the impact of the change in minimum range length definition following [4]


	7) Quality of quiet zone
	b). It is recommended to update the definition to fit the revised procedure in [6].  
c) to confirm if example values are still valid for the extended frequency range

	8) DUT Tx-power drift
	c) to confirm if example values are still valid for modern UEs

	9) Uncertainty related to the use of phantoms: (applicable when a phantom is used)
	a) and b) to reflect the usage of new hand phantom and the extension of the frequency range

	10) Coarse sampling grid
	c) to confirm if example values are still valid for modern UEs

	11) Random uncertainty (repeatability, including positioning uncertainty of the DUT against the SAM phantom or DUT plugged into the Laptop Ground Plane phantom)
	c) to confirm if example values are still valid for modern UEs

	Stage 2: Calibration measurement

	13) Uncertainty of network analyzer
	c) to reflect the performance of state-of-the-art equipment

	14) Mismatch of receiver chain
	N/A

	15) Insertion loss of receiver chain
	N/A

	16) Mismatch in the connection of calibration antenna
	N/A

	17) Influence of the calibration antenna feed cable
	N/A

	18) Influence of the probe antenna cable
	N/A

	19) Uncertainty of the absolute gain of the probe antenna
	b). Given the proposed method for calibration measurement, this item could be removed.

	20) Uncertainty of the absolute gain/ radiation efficiency of the calibration antenna
	c) to reflect the performance of state-of-the-art equipment

	21)Measurement distance
	a), b) and c) to reflect the impact of the change in minimum range length definition following [4]


	22) Quality of quiet zone
	c) to confirm if example values are still valid for the extended frequency range



[bookmark: _Ref86413962]Table 2‑2: Uncertainty contributions in TRS measurement for anechoic chamber method (Table E.1-3 of TS 37.544 [3])
	Description of uncertainty contribution
	Change type

	Stage 1, DUT measurement

	1) Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 
	c) to check impact of the extended frequency range

	2) Insertion loss of transmitter chain
	N/A

	3) Influence of the probe antenna cable
	N/A

	4) Uncertainty of the absolute antenna gain of the probe antenna
	b). Given the proposed method for calibration measurement, this item could be removed.

	5) Base station simulator: uncertainty of the absolute output level
	c) to reflect the performance of state-of-the-art equipment

	6) BER measurement: output level step resolution
	c) to align the example value with minimum step required for testing

	7) Statistical uncertainty of BER measurement
	b) to consolidate with BER data rate normalization 

	8) BER data rate normalization
	b) to consolidate with statistical uncertainty of BER measurement

	9) Measurement distance:
	a), b) and c) to reflect the impact of the change in minimum range length definition following [4]


	10) Quality of quiet zone 
	b). It is recommended to update the definition to fit the revised procedure in [4].
c) to confirm if example values are still valid for the extended frequency range

	11) DUT sensitivity drift
	c) to confirm if example values are still valid for modern UEs

	12) Uncertainty related to the use of phantoms: (applicable when a phantom is used)
	a) and b) to reflect the usage of new hand phantom and the extension of the frequency range

	13) Coarse sampling grid
	c) to confirm if example values are still valid for modern UEs

	14) Random uncertainty (repeatability, including positioning uncertainty of the DUT against the SAM phantom or DUT plugged into the Laptop Ground Plane phantom)
	c) to confirm if example values are still valid for modern UEs

	Stage 2: Calibration measurement

	16) Uncertainty of network analyzer 
	c) to reflect the performance of state-of-the-art equipment

	17) Mismatch in the connection of transmitter chain (i.e. between probe antenna and NA)
	N/A

	18) Insertion loss of transmitter chain
	N/A

	19) Mismatch in the connection of calibration antenna
	N/A

	20) Influence of the calibration antenna feed cable
	N/A

	21) Influence of the probe antenna cable
	N/A

	22) Uncertainty of the absolute gain of the probe antenna
	b). Given the proposed method for calibration measurement, this item could be removed.

	23) Uncertainty of the absolute gain/radiation efficiency of the calibration antenna
	c) to reflect the performance of state-of-the-art equipment

	24) Measurement distance
	a), b) and c) to reflect the impact of the change in minimum range length definition following [4]


	25) Quality of quiet zone
	c) to confirm if example values are still valid for the extended frequency range



For those marked with a), additional justification is presented in section 3 of this contribution.
For those marked with a) and/or b), text proposals are expected by RAN5#94.
[bookmark: _Toc85109108][bookmark: _Toc85190155][bookmark: _Toc85190188][bookmark: _Toc85830263][bookmark: _Toc86415950][bookmark: _Toc86417842][bookmark: _Toc87520557][bookmark: _Toc87522766]Proposal 1: define an Action Point to provide text proposals by RAN5#94 on MU contributors marked as a) or b).

For those marked with c), example values currently provided in TS 37.544 [3] can be used until updated evaluation is presented.
[bookmark: _Toc78824863][bookmark: _Toc78824944][bookmark: _Toc78899254][bookmark: _Toc79080248][bookmark: _Toc85101266][bookmark: _Toc85101270][bookmark: _Toc85109101][bookmark: _Toc85109112][bookmark: _Toc85190149][bookmark: _Toc85190186][bookmark: _Toc85815010][bookmark: _Toc85815673][bookmark: _Toc85830262][bookmark: _Toc86415951][bookmark: _Toc86417843][bookmark: _Toc87520558][bookmark: _Toc87522767]Proposal 2: for MU contributors marked as c), example values example values currently provided in TS 37.544 [3] can be used until updated evaluation is presented. Example MU tables for TR 38.834 shall identify whether the values are reused from TS 37.544 or revised following the updated evaluation.

In addition to the list and potential changes on Table 2‑1 and Table 2‑2, it is proposed to add a new item to reflect the extension of the maximum channel BW compared to UTRA / E-UTRA.
[bookmark: _Toc86415952][bookmark: _Toc86417844][bookmark: _Toc87520559][bookmark: _Toc87522768]Proposal 3: define a new uncertainty contributor called “Frequency Response” to account for the wide channel BW (e.g. 100MHz) to be used for NR FR1 TRP-TRS measurements.

Given the recent update of the Quality of quiet zone procedure in clause D.1 of TR 38.827 [4], it is recommended to update the definition to fit the revised procedure. Even though, this requires RAN4 to capture the updated Quality of quiet zone procedure it in TR 38.834 [7].
[bookmark: _Toc87520560][bookmark: _Toc87522769]Proposal 4: RAN5 to share with RAN4 the recommendation to capture the Quality of quiet zone procedure in TR 38.827 using the procedure defined in clause D.1 of TR 38.827 as reference and ensuring measurements on both theta and phi axes are defined. Additionally, RAN5 or RAN4 to define the MU evaluation from the QoQZ validation measurements.
3. [bookmark: _Ref86414019]MU contributors impacted by changes related to NR FR1
As shown in previous section, there are several uncertainty contributors that are impacted by changes related to NR FR1. We present hereby additional justification to those changes that may serve to define the extend of the modifications.
Measurement distance: even though the three components described in TS 37.544 [3] are valid (i.e. offset of phase centre from axis(es) of rotation, mutual coupling and phase curvature), the description must be updated to reflect the agreement in [4][5] to use the effective antenna approach defined in clause 6.6.2 of TR 38.827 [6] for RTS method, and the suggestion to adopt a minimum range length of 1.2m.
Uncertainty related to the use of phantoms: TS 37.544 [3] defines four types of hand grips (i.e. mono-block, fold, narrow data and PDA) and target dielectric properties up to 6GHz. Therefore, the uncertainty term must be updated to consider the new hand phantom for wide devices with a width >72mm and ≤92mm and the extension of the frequency range up to 7.125GHz. 
4. [bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Conclusion
[bookmark: _GoBack]In this contribution we make the following observations and proposals:
Proposal 1: define an Action Point to provide text proposals by RAN5#94 on MU contributors marked as a) or b).
Proposal 2: for MU contributors marked as c), example values example values currently provided in TS 37.544 [3] can be used until updated evaluation is presented. Example MU tables for TR 38.834 shall identify whether the values are reused from TS 37.544 or revised following the updated evaluation.
Proposal 3: define a new uncertainty contributor called “Frequency Response” to account for the wide channel BW (e.g. 100MHz) to be used for NR FR1 TRP-TRS measurements.
Proposal 4: RAN5 to share with RAN4 the recommendation to capture the Quality of quiet zone procedure in TR 38.827 using the procedure defined in clause D.1 of TR 38.827 as reference and ensuring measurements on both theta and phi axes are defined. Additionally, RAN5 or RAN4 to define the MU evaluation from the QoQZ validation measurements.
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