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1	Introduction 
The purpose of this paper is to present some proposals towards the Release 18 FR1 TRP TRS performance requirement phase discussions that are planned to be a key aspect of this work item at RAN4#110-bis. The scope of the proposals includes addressing some of the open items for discussion as highlighted in [1]. This includes evaluation of the incoming RAN5 LS containing requests pertaining to the Rel18 core requirements package, handling scaling of requirements for additional channel bandwidths defined in the WF in [] as well as considerations related to JBPR and derivation of power class requirements from defined requirements (PC2/PC3).
2	Discussion 
2.1     Requirements for alternate channel bandwidths for n28/n41/n77/n78
The first open sub-topic for this section was related to how to depict the requirements in the specification.
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There is already agreement in [1] that, based on the traditional certification process of OTA requirements, passing a single CBW requirement per band on each UE should suffice. Therefore the requirements should be specified in a way that the baseline (existing channel bandwidth setting) requirement should be primarily specified and an appropriate NOTE with the scaling factor and additional considerations (see proposal 2,3) that are needed to derive the requirements is added.

Proposal 1: Align with Option 1 from RAN4#110 WF [1] with further clarifications as needed. The core specification should primarily list the baseline requirement based on the channel bandwidth for which performance campaign has been carried out. A specific NOTE indicating derivation/scaling of the requirement for additional channel bandwidths can be listed.


The way forward at RAN4#110 for creation of requirements for alternate channel also contained guidance that the requirements for such additional CBW will be defined based on scaling of current OTA requirements at that band. 
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However, it was also noted that some measurement results will be required to confirm the scaling based on REFSENS RB as well as whether other factors needed to be considered.

The scaling factor is a useful, feasible approach (as already agreed by RAN4) considering the complexities and logistics involved in a full-scale performance campaign for the additional bandwidths. However, some factors that would have otherwise implicitly get accounted in a performance campaign,  would now need to be specifically called out. We would like to present such additional factors need to be considered in this analysis –

A) [8] establishes clearly the variation of antenna gain with frequency. The factor is established across cellular frequencies and is depicted in the figure from the citation which is included below. Therefore, while scaling of the requirement approaches the required value, some allowance for this variation factor is required to be considered.
Figure 1 – Antenna gain and efficiency variation with frequency [8]
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B) The specific modulation schemes, coding efficiency and other system parameters would also play a role is the actual expected reference sensitivity performance.
Therefore, a detailed system-level measurement OR an empirical measurement approach, taking into account the full details of signal processing is needed as a linear adjustment purely based on RB scaling may not be needed. Between these two options, as already discussed and agreed by RAN4 at RAN4#110 [1], the empirical measurement approach is suitable considering the way forward agreed and general feasibility.
Observation 1: The requirement for the alternate channel bandwidth may not necessarily be a linear adjustment based purely on RB scaling and therefore the agreed empirical measurement approach is critical to understand if additional allowance is required.
Accordingly, 8 (eight) commercially available devices (Wide Grip) were used for the empirical measurement approach. Each devices underwent measurement as follows:
a) Baseline TRP and TRS  data with 100 MHz channel bandwidth for n41, n77, n78 bandwidth (low/mid/high channels center frequency as per TS 38.508-1) and 20 MHz channel bandwidth (low/mid/high channels). for n28 and Browsing mode configuration, with all other test parameters as defined for the performance measurement campaign.
b) Additional data with similar parameters as above but with alternate channel bandwidth (20 MHz channel bandwidth for n41, n77, n78 and 10 MHz channel bandwidth for n28) and low/mid/high channel center frequency set as per TS 38.508-1 for the specific channel bandwidth.
The above provided around 48 data sets per band [8 devices x 2 modes (HL/HR)*3 channels ] which is statistically significant. The expected reference sensitivity levels were computed as per the scaling formula which can be (using n41, n77, n78 channel bandwidths and DL RB allocation as example below)
Average_TRS20MHz  = Average_TRS100MHz + log10(NRB_20MHz/NRB_100MHz)
The delta (dB) between the measured and expected reference sensitivity levels across 3 channels for all the high bands was then evaluated and the high-level statistics for the same as shown in the table below. A positive delta value indicates a higher-than-expected reference sensitivity level was measured due to either or both factors and not precluding other implicit factors.
Table 1 – Delta between expected (scaled) reference sensitive level and measured/empirical across the bands of interest.
	Average Delta for n28 (dB)
	0.52

	Average Delta for n41 (dB)
	0.53

	Average Delta for n77, n78 (dB)
	0.61


Based on the empirical data, we propose an additional allowance factor which is equivalent to the allowance ΔRIB which is already in place in the conducted specifications. In other words -
Average_TRS20MHz  = Average_TRS100MHz + log10(NRB_20MHz/NRB_100MHz) + X
Where X > 0 dB is the allowance added to the scaled requirement value. 
This allowance can be represented similar to the ΔRIB tables included in TS 38.521-1 and an example is shown below.
Table 2: Proposed table (example) containing allowance on top of scaled Browsing Mode TRS requirements 
Additional allowance on top of scaled Browsing Mode TRS requirements for n281, n412, n772, n782
	Operating band
	Allowance (dB)

	n28
	[0.52]

	n41
	[0.53]

	n77, n78
	[0.61]

	NOTE 1:	Scaled requirement is for 10 MHz channel bandwidth.
NOTE 2:   Scaled requirement is for 20 MHz channel bandwidth.



Proposal 2: Agree that an additional allowance is needed to the REFSENS RB scaled TRS requirements derived for n28, n41, n77, n78 browsing mode for the alternate channel bandwidths. The framework for determining the allowance value can be data-driven i.e. average the delta seen from multiple empirical measurements which companies are encouraged to provide. 
Allowance for Talk Mode is FFS and can be finalized similarly based on empirical data.
2.2     Center Frequency setting for alternate channel bandwidth
The WF from RAN4#110 [1] also provided guidance on the confirmation needed to decide on the center frequency parameter from among the two options provided.
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Again, looking at the empirical data collected across the 8 commercial devices referenced above where a 3rd set of data was collected using the same center frequency for the alternate channel bandwidth as the baseline channel bandwidth. Across all measurements the maximum deviation in measurements noticed was around 0.23 dB. This was within the limits of the variation seen from run to run. Therefore, there is no strong case seen to deviate from the established process of using test frequencies from TS 38.508-1 (option 1, Case B).
Proposal 3: Agree to use test frequencies defined in TS 38.508-1 for the alternate channel bandwidths.
2.3 Definition of PC3 requirements based on PC2
The way forward [1] for TRP TRS enhancements suggested to provide inputs on the mechanism of derivation of PC3
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Proposal 4: For TDD bands, specify PC3 TRP spec with 3dB offset based on corresponding PC2 TRP spec. Evaluate FDD separately.
2.4     RAN5 LS on TT for Rel-18 NR FR1 TRP/TRS 
In general, the concept of Test Tolerance addresses several aspects related to the testing procedures, i.e. Test System uncertainties, regulatory requirements and criticality to system performance. The test tolerance is the amount by which the minimum requirement is relaxed, to give the test requirement. In many cases the amount of this relaxation is equal to the test system uncertainty, so that the test system will not fail a good device under test, within the agreed confidence limits. However, in some cases such as regulatory requirements it is not acceptable to relax the minimum requirement in this way, and then the test tolerance is stated to be zero.

The Test Tolerances in RAN5 test specifications are defined as a fraction of the MU. This was the process as recently as the completed test specification for Release 17 NR FR1 TRP TRS [7]. This approach is due to the fact that the TT values can adjust accordingly with optimization in MU values. In theory, even though the MU values might increase with complexity of test systems the endeavor of the ecosystem has been to optimize and reduce MU over time. Therefore, it is fair if the TT adjusts lower in case the MU values, and this will satisfy operator/network requests for UEs to keep fair share of the TT.

In Release 17, RAN4 successfully discussed and provided a TT recommendation (as 0.62 MU and an absolute value TT as well) to RAN5 as part of the core requirements defined for the Browse Mode for n41 and n78. 

Observation 2: RAN4 successfully discussed and provided a TT recommendation to RAN5 as part of the Release 17 core requirements defined for the Browse Mode scenarios for n41 and n78. The aspect of provide Release 18 TT recommendation is already part of the Release 18 FR1 TRP TRS enhancements work item.

It should therefore be straightforward to leverage the Release 17 Browsing Mode TT (defined both as absolute value and fraction as in Release17) and include a TT recommendation for Browsing Mode along with Release 18 requirements. 

Observation 3: The definition of TT as a fraction of MU was useful since the MU is eventually defined separately for <3 GHz and >=3 GHz.

Observation 4: The NR FR1 TRP TRS MU recommendation for Talk Mode MU is available in TR 38.161 [1]. Considering the current recommended MU value for Talk Mode is not significantly higher, the recommendation for TT (0.62*MU) should also hold good for Talk Mode. 

Proposal 5: As response to RAN5 LS, agree that RAN4 shall provide a TT recommendation as part of the Release 18 requirements package, aligning with Release 17 approach.

Proposal 6: Propose recommended TT as a fraction/ration of MU so that TT can be computed, like MU for < 3GHz and >= 3 GHz, aligning with Release 17 approach.

The 3GPP RAN4 lab alignment campaign provided some very important data points on the actual measurement spread among volunteer labs on the same set of lab alignment devices.

For the Lab Alignment Pass/Fail criteria +/- 0.75 * MU was considered as a threshold. Since this value incorporates the uncertainty in measurements and gave a good bound on the same, this can be one option as far as test tolerance recommendation is concerned. But a tighter TT threshold was considered appropriate in Release 17 and the same can be leveraged for Release 18. It should be noted that the TT for <3 GHz and >3 GHz has already been defined in RAN5 based on the Rel-17 timeframe recommendation from RAN4. Hence this is a continuation of the same.

Proposal 7: Once the Release 18 requirements are confirmed for n1, n28, n41, n78 leverage the TT recommendation provided in Release 17 (0.62*MU) and include as part of Rel-18 core requirements package for Talk and Browse Mode.  

2.5     JBPR (Joint Band Pass Rate) considerations for NR FR1 TRP TRS 

JBPR (Joint Band Pass rate) was previously discussed for LTE SISO OTA [6]. The previous framework involved acknowledging the situation that UEs supporting multiple bands must pass OTA requirements for all applicable bands in order to achieve certification. However, noting that 3GPP has to evaluate a joint band passing rate (JBPR) based on the comparison of the potential requirements against the measured OTA performances over a selected set of bands by, for example, evaluating the ratio of the number of passed UEs over the total number of UEs.

As an initial step, it would help to highlight DUTs, based on the entries in the performance campaign template (using a color code etc in the plots/CDF curves), that have data submitted for all the bands i.e. n1, n28, n41 and n78 for any combination of configurations (i.e. if TRP and TRS data is available for all 4 bands for HO only or BHH only or HO and BHH). This will be critical for further analysis.

Proposal 8:  To help with further analysis vis-à-vis JBPR, when consolidating all the data from performance campaign devices into a pool to create CDF curves, have a mechanism to highlight (color code etc) the data point(s) coming from DUTs supporting all 4 bands – n1, n28, n41 and n78. 

3 Summary
Observation 1: The requirement for the alternate channel bandwidth may not necessarily be a linear adjustment based purely on RB scaling and therefore empirical measurement approach is critical to understand if additional allowance is required.
Proposal 1: Align with Option 1 from RAN4#110 WF [1] with further clarifications as needed. The core specification should primarily list the baseline requirement based on the channel bandwidth for which performance campaign has been carried out. A specific NOTE indicating derivation/scaling of the requirement for additional channel bandwidths can be listed.
Proposal 2: Agree that an additional allowance is needed to the REFSENS RB scaled TRS requirements derived for n28, n41, n77, n78 browsing mode for the alternate channel bandwidths. The framework for determining the allowance value can be data-driven i.e. average the delta seen from multiple empirical measurements which companies are encouraged to provide. 
Allowance for Talk Mode is FFS and can be finalized similarly based on empirical data.
Proposal 3: Agree to use test frequencies defined in TS 38.508-1 for the alternate channel bandwidths.
Proposal 4: For TDD bands, specify PC3 TRP spec with 3dB offset based on corresponding PC2 TRP spec. Evaluate FDD separately.
Observation 2: RAN4 successfully discussed and provided a TT recommendation to RAN5 as part of the Release 17 core requirements defined for the Browse Mode scenarios for n41 and n78. The aspect of provide Release 18 TT recommendation is already part of the Release 18 FR1 TRP TRS enhancements work item.

Observation 3: The definition of TT as a fraction of MU was useful since the MU is eventually defined separately for <3 GHz and >=3 GHz.

Observation 4: The NR FR1 TRP TRS MU recommendation for Talk Mode MU is available in TR 38.161 [1]. Considering the current recommended MU value for Talk Mode is not significantly higher, the recommendation for TT (0.62*MU) should also hold good for Talk Mode. 

Proposal 5: As response to RAN5 LS, agree that RAN4 shall provide a TT recommendation as part of the Release 18 requirements package, aligning with Release 17 approach.

Proposal 6: Propose recommended TT as a fraction/ration of MU so that TT can be computed, like MU for < 3GHz and >= 3 GHz, aligning with Release 17 approach.

Proposal 7: Once the Release 18 requirements are confirmed for n1, n28, n41, n78 leverage the TT recommendation provided in Release 17 (0.62*MU) and include as part of Rel-18 core requirements package for Talk and Browse Mode.  

Proposal 8:  To help with further analysis vis-à-vis JBPR, when consolidating all the data from performance campaign devices into a pool to create CDF curves, have a mechanism to highlight (color code etc) the data point(s) coming from DUTs supporting all 4 bands – n1, n28, n41 and n78. 
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[ssue 2-4-3: How to scale the defined large CBW to narrow CBW requirements?

Agreement:

*  OTA Requirements for additional CBW should be defined based on scaling of current OTA
requirements at that band.

o The REFSENS RB scaling factor as a starting point which will be checked and confirmed based on
measurement results. Considering additional factors is not precluded.
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o Option 1: Case B in figure below (new CBW with different center frequency of original CBW)
o Option 2: Case C in figure below (new CBW with same center frequency of original CBW)
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Figure 1: two options for test parameter of alternative CBW

e Option 1: Case B for additional CBW parameters, confirm next meeting.

*  Some measurements results are needed to confirm case B.
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Issue 2-6-2: How to define TRP PC3 requirements based on PC2

e RAN4 further discuss and decide how to define TRP PC3 requirements based on PC2. Whether TDD and FDD
could be different.
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Issue 2-4-1: single requirements or 2 set of requirements in RAN4 and other certification bodies?

e Options

o Option 1: Single requirement each band in RAN4 spec, list scaling factor as a note for these
band

o Option 2: Two sets of requirements for these bands in RAN4 spec
‘Way Forward

o Further discuss next meeting.




