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1	Introduction 
During the RAN4 #101 meeting, the following agreements related to manufacturing tolerances were captured [2]:

	Issue 1-3-1: How to treat Manufacturing Tolerances  
Proposal 1: The following framework to take manufacturing tolerances into account for OTA requirements is proposed: 1) It is assumed that nominal UEs are used to collect radiated performance data in the performance phase of the work; 2) A candidate value X to achieve a passing rate of Y% is derived from the radiated performance data; 
3) An offset Z is defined to relax X, such that the resulting OTA requirement reflects a passing rate of Y% in the full population of devices with 95% confidence
Proposal 2: select a variety of phones during the measurement campaign to indirectly account for manufacturing tolerances.
Agreements
· RAN4 to further discuss the following proposed options:
· Option 1: framework to take manufacturing tolerances into account for OTA requirements, such that:
1) It is assumed that nominal UEs are used to collect radiated performance data in the performance phase of the work;
2) A candidate value X to achieve a passing rate of Y% is derived from the radiated performance data;
3) An offset Z is defined to relax X, such that the resulting OTA requirement reflects a passing rate of Y% in the full population of devices with 95% confidence
· Option 2: select a variety of phones during the measurement campaign to indirectly account for manufacturing tolerances
· Option 3: apply Option 1 under some agreed UE selection criteria, then process the measured data according to Option 2
· Other options are not precluded



During the RAN4 #101-bis meeting, the following agreements related to manufacturing tolerances were reached [3]:

	Sub-topic 3-3 Manufacturing tolerances 
Agreement:
· Selecting a variety of phones is considered during the measurement campaign 
· Continue to discuss Option 1 in WF R4-2120689 in the next meeting



Additionally, RAN4 #101-bis meeting reached the following agreements related to the performance framework [3]:

	Issue 3-1-2: Framework for Performance Test Campaign 
Agreements:
Working procedure for TRP TRS Performance Test Campaign 
1. The purpose of Test Campaign is to collect devices results for the permitted labs after lab-alignment activity for the definition of the FR1 TRP TRS requirements.
2. Test cases for TRP TRS Performance Test Campaign:
a. Test bands: n41 and n78 (first stage);
b. Use scenario: Hand phantom only (Browsing mode), i.e., Hand Left and Hand Right
c. Hand Phantom: Corresponding phantom depends on UE size
d. Operation mode: NR Standalone (SA) (first stage)
3. Commercial Device (Smartphone) selection criteria for TRP TRS Performance Test Campaign:
a. DUT size: Size 1(width >72mm and ≤92mm) and Size 2(width ≥56mm and ≤72mm); separate set of requirements  
b. DUT capability: support for all the Bands n41, n28, n78, and n79 those listed in the WID is preferred, but devices supporting only a subset of the above bands can equally be used in the measurement campaign for such supported bands
c. The following selection criteria can also be considered:
1. Year of production: [2020-2022]
2. Brand variety
3. Price range (to capture different price segment, including High/Mid/Low-end products)
4. Popularity
5. Number of bands supported
d. Intended for which market: no limitation
e. Power Class: [Both PC2 and PC3 with 1Tx]; 
f. TxD is not allowed
4. Test results submitting:
a. For each device under test, all the supported bands information should be shared. 
b. Using the same worksheet template to submit the measurement results (the TRP/TRS Performance Test Campaign Template will be shared later)
c. The measurement results should be submitted to RAN4 by anonymous approach (the UE model should not be disclosed)
d. The allowed maximum number of submitted devices from each lab is [TBD]
e. Only the results from aligned labs will be considered for defining requirements
f. The progress in each lab are encouraged to share on the RAN4 reflector (for example - how many devices with which size have been measured and on which bands).
5. Specify TRP TRS requirements:
a. Minimum number of devices for defining requirements for each band: [25] or [50] 
b. Performance part of the work will proceed in a contribution-driven manner. Start with one type of device width requirement which is most efficient to collect enough results in Rel-17.
c. Method of limits derivation: per-band Data driven approach
6. Test lab procedures
a. Tx Antenna switching: test lab should make sure the testing follows the TAS OFF procedure, i.e., lock the UE antenna to primary antenna yielding best TRP. Assistants from OEM may be needed. Lab alignment device volunteers to provide contact information.
b. For UE support PC2 at one band, PC3 should not be tested.




This contribution provides our further views on the remaining performance framework aspects related to how to treat manufacturing tolerances and test lab procedures.
2	Discussion
2.1	Manufacturing tolerances
As we outlined in [4] and [5], the impact of manufacturing tolerances needs to be carefully considered during the TRP/TRS work in order to ensure that the OTA requirements defined by 3GPP are applicable to regulatory assignment of pass/fail limits to this requirement with the expectation that any device available in the market shall comply.

To further illustrate this concept, a number of random variables were generated to represent the average TRP and TRP over a population of devices and then compared against a pass/fail limit.  Table 1 below summarizes the relevant parameters.
Table 1: Parameters used in the manufacturing tolerance illustration
	Parameter
	Value
	Notes

	Number of UE types
	21
	Represents an example of 21 different UE models

	Average TRP
	~uniform(11, 19) dBm
	An example of the spread of different average TRP (nominal design target) across the 21 different UE models

	TRP standard deviation
	~uniform(0.5, 2) dB
	Represents the variability of actual TRP over the population of devices due to manufacturing tolerances

	Example pass/fail limit
	13 dBm
	

	Example manufacturing tolerance
	1 dB
	



The analysis proceeds according to the following steps:
1.	UE types are determined to be "passing" or "failing" based on whether their average TRP exceeds the example pass/fail limit.  The TRP distributions of "failing" UE types are plotted in grey, and those of "passing" in color, in Figure 1 below.
2.	A passing rate is calculated from the average TRP data of the "passing" UE types; this is labeled "r(avg TRP)."
3.	The TRP values of all UEs in the population and within the group of "passing" UE types are also compared to the same example pass/fail limit to calculate the passing rate of the "passing" population, and is labeled "r(pop TRP)."
4.	An example tolerance for manufacturing variations of 1 dB is used to relax the population pass/fail limit, and a passing rate of the "passing" population is calculated; this is labeled "r(pop TRP with tolerance)."
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Figure 1: Illustration of the impact of manufacturing tolerance on OTA limits
[bookmark: _Toc68101039][bookmark: _Toc92665627][bookmark: _Toc92666473][bookmark: _Toc92667839][bookmark: _Toc92706772][bookmark: _Toc92707962][bookmark: _Toc92708106][bookmark: _Toc92708246][bookmark: _Toc95377012][bookmark: _Toc95700226][bookmark: _Toc95700336][bookmark: _Toc95736760]Observation 1:	The passing rate computed from the means of each UE type's TRP distribution overestimates the passing rate computed from the actual population.

[bookmark: _Toc92707963][bookmark: _Toc92708107][bookmark: _Toc92708247][bookmark: _Toc95377013][bookmark: _Toc95700227][bookmark: _Toc95700337][bookmark: _Toc95736761]Observation 2:	By defining a manufacturing tolerance, which is used to relax the population pass/fail limit, a similar passing rate as expected from the average TRP statistics can be obtained.

To relate this simulation exercise to the WF from the last meeting, we observe that it is not possible for RAN4 to directly sample the entire population of all available devices in order to define OTA pass/fail limits.  Instead, RAN4 relies on collecting TRP data over a limited number of devices under test in the performance device pool.  Devices in this pool are typically chosen based on their nominal performance characteristics, and are likely to represent the mean of the distribution of TRP values over all devices of that particular type.  Thus, a pass/fail limit derived from such a data set corresponds to steps 1 and 2 in the example analysis process we described above.  In order to ensure the applicability of a pass/fail limit derived in such a manner, the passing rate of all devices deemed "passing" by the mean TRP metric needs to be similar to the passing rate of all such devices in the population.  Thus, a manufacturing tolerance is necessary.

[bookmark: _Toc92707964][bookmark: _Toc92708108][bookmark: _Toc92708248][bookmark: _Toc95377014][bookmark: _Toc95700228][bookmark: _Toc95700338][bookmark: _Toc95736762]Proposal 1:	RAN4 should agree to select Option 1 from the WF in [2], with the framework to take manufacturing tolerances into account for OTA requirements defined as:
1) It is assumed that nominal UEs are used to collect radiated performance data in the performance phase of the work;
2) A candidate value X to achieve a passing rate of Y% is derived from the radiated performance data;
3) An offset Z is defined to relax X, such that the resulting OTA requirement reflects a passing rate of Y% in the full population of devices withing a certain confidence interval

We note that RAN4 already has experience and past precedent how to determine the values X and Y, and these procedures are largely data-driven and well understood.  We anticipate the performance phase of the work item to address these in detail.

In our understanding, there are two ways to determine the offset Z:  based on analysis of data during the performance phase or based on a consensus value among interested companies.  The former option is purely data-driven, but requires the disclosure of average TRP and manufacturing tolerance per device type.  Although submitted results can be anonymized, not all companies could be comfortable with this approach, since it nonetheless discloses sensitive design data.  The latter option is less precise but enjoys the precedent of existing RAN4 handling of impairment and implementation margins, which is evident in the way RAN4 defines requirements on MPR, MSD, and demodulation.

[bookmark: _Toc92707965][bookmark: _Toc92708109][bookmark: _Toc92708249][bookmark: _Toc95377015][bookmark: _Toc95700229][bookmark: _Toc95700339][bookmark: _Toc95736763]Proposal 2:	The value Z can be determined by consensus among interested companies in RAN4 during the performance phase of the work.

Given the discussion of Proposal 2 during the RAN4 #101-bis meeting, it appears that many companies still prefer to proceed with Option 2 from [2].  A modification of Proposal 2 can be envisioned, where the offset Z can be determined based on the average TRP values proposed by companies participating in the performance phase of the work.  This option is data-driven, and requires the submisson of proposed average TRP/TRS plus manufacturing tolerance per device type based on manufacturers best knowledge.  The value Z can be determined from the submitted data on manufacturing tolerances as part of the performance phase of the work.

[bookmark: _Toc95700230][bookmark: _Toc95700340][bookmark: _Toc95736764]Proposal 3:	Request companies submitting TRP/TRS limit proposals to also submit manufacturing tolerance per device type based on manufacturers' best knowledge. The value Z can be determined from the submitted data on manufacturing tolerances as part of the performance phase of the work.

2.2	Test lab procedures
The way forward from RAN4#102-bis [3] provides a high-level framework for the test procedures to be followed during the lab alignment as well as performance test campaign. One of the goals outlined for this meeting is to refine the framework for the lab alignment part which is expected to start post RAN4#102 meeting. Adding details to the framework right now is also critical as it will extend to the performance test campaign.

For lab alignment phase, current framework indicates LAD providers will ensure the devices provided by them have TAS OFF (primary antenna locked). However, it is not clear how this procedure will be achieved for the performance test campaign.

[bookmark: _Toc95700341][bookmark: _Toc95736765]Proposal 4:	The performance test campaign framework compiles list of contacts for OEMs (across the [25] or [50] commercial devices collected for this phase). This is for the labs to directly obtain OEM assistance for device settings (TAS off). This shall happen at the discretion of the OEMS; which should be factored into the process.


Considering the tight timelines involved in both lab alignment and performance test campaign, the latter more critical considering large number of commercial devices being considered, it is critical for the labs involved to have a method to baseline and verify device settings. Specifically, there is need to ensure devices are indeed being tested with TAS OFF setting (primary antenna locked). Lack of such baselining could cause devices to be measured in an incorrect mode leading to delays that can derail the process.

[bookmark: _Toc95700342][bookmark: _Toc95736766]Proposal 5:	Include a verification procedure (detailed below) during lab alignment and performance test phase that enables the labs to baseline and verify the TAS off setting prior to testing the planned scope.

TAS OFF verification/sanity procedure: 
-  Perform OTA baseline test with display oriented at phi (azimuth) 0, 
-  Benchmark with similar OTA test with display orientated at phi (azimuth) 180.
Expectation: The magnitude of the OTA teste being equal; Similar 2D and/or 3D radiation pattern is expected (with 180 rotation). This provides non-intrusive confirmation that the device indeed is tested with TAS OFF

The lab alignment process can be further strengthened by addition of further guidelines as part of the “Result Submission” section

[bookmark: _Toc95700343][bookmark: _Toc95736767]Proposal 6:	Results shall not be shared between labs before submitting to RAN4 meetings or sharing in the RAN4 reflector. Comparison and lab alignment analysis should only be done in RAN4 meetings/discussions.

Additional logistical planning can ensure good progress of lab alignment testing across volunteer labs and avoid situation where lab(s) are waiting for others to complete. This is again in consideration of the short time available for quite a large number of labs to collect alignment data.

[bookmark: _Toc95700344][bookmark: _Toc95736768]Proposal 7:	The available LADs can be split among labs to multiplex the testing effort.

3	Conclusions
This contribution provides our further views on the topic of manufacturing tolerances; the following observations and proposals have been made:

Observation 1:	The passing rate computed from the means of each UE type's TRP distribution overestimates the passing rate computed from the actual population.
Observation 2:	By defining a manufacturing tolerance, which is used to relax the population pass/fail limit, a similar passing rate as expected from the average TRP statistics can be obtained.


Proposal 1:	RAN4 should agree to select Option 1 from the WF in [2], with the framework to take manufacturing tolerances into account for OTA requirements defined as: 1) It is assumed that nominal UEs are used to collect radiated performance data in the performance phase of the work; 2) A candidate value X to achieve a passing rate of Y% is derived from the radiated performance data; 3) An offset Z is defined to relax X, such that the resulting OTA requirement reflects a passing rate of Y% in the full population of devices withing a certain confidence interval
Proposal 2:	The value Z can be determined by consensus among interested companies in RAN4 during the performance phase of the work.
Proposal 3:	Request companies submitting TRP/TRS limit proposals to also submit manufacturing tolerance per device type based on manufacturers' best knowledge. The value Z can be determined from the submitted data on manufacturing tolerances as part of the performance phase of the work.
Proposal 4:	The performance test campaign framework compiles list of contacts for OEMs (across the [25] or [50] commercial devices collected for this phase). This is for the labs to directly obtain OEM assistance for device settings (TAS off). This shall happen at the discretion of the OEMS; which should be factored into the process.
Proposal 5:	Include a verification procedure (detailed below) during lab alignment and performance test phase that enables the labs to baseline and verify the TAS off setting prior to testing the planned scope.
Proposal 6:	Results shall not be shared between labs before submitting to RAN4 meetings or sharing in the RAN4 reflector. Comparison and lab alignment analysis should only be done in RAN4 meetings/discussions.
Proposal 7:	The available LADs can be split among labs to multiplex the testing effort.
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