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1	Introduction 
The purpose of this paper is to present some proposals towards closing the pending items in 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. This document focuses on handling scaling of TRS requirements for additional channel bandwidths as defined in the WF [1].
2	Discussion 
2.1     Requirements for alternate channel bandwidths for n28/n41/n77/n78
The way forward at RAN4#110-bis [1] for creation of requirements for alternate channel bandwidth included the agreement on how the requirements for such additional CBW will be defined based on scaling of current OTA requirements at that band. Hence this aspect is clear.
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The FR1 bands for which alternate channel bandwidths based requirements was also confirmed in [2].
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The one open aspect for this topic is listed below as captured in [1]
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However, it was already noted in previous meetings 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. In this regard, the contribution in [3] already provided empirical data from multiple devices.

We would like to re-iterate that 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 implicitly get accounted in a performance campaign would 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 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 as empirical data shows a pessimistic bias. Therefore the agreed empirical measurement approach is critical to understand if additional allowance is required.
Accordingly, 10 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 60 data sets per band [10 devices x 3 channels x 2 configs (HL/HR])which is statistically significant. The expected reference sensitivity levels were as per the scaling formula which can be (using n41, n77, n78 channel bandwidths as example). In addition, we have now collected empirical data for 3 devices from the initial set in BHH mode (3 devices * 3 channels x 2 configs [BHHL/BHHR})
Average_TRS20MHz  = Average_TRS100MHz + log10(NRB_20MHz/NRB_100MHz)
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Figure 1 – Delta between expected (scaled) reference sensitive level and measured/empirical across the bands of interest for HO and BHH configs – Representation that shows pessimistic bias that needs adjustment.
The delta (dB) between the measured and expected reference sensitivity levels across 3 channels for all the high bands was then evaluated and a scatter plot of the values is indicated in Figure 1 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 (pessimistic bias) was measured due to either or both factors listed above and not precluding other implicit factors.
Table 1 – Average Delta between expected (scaled) reference sensitive level and measured/empirical across the bands of interest.
	Average Delta for n28 (dB)
	0.47

	Average Delta for n41 (dB)
	0.48

	Average Delta for n77, n78 (dB)
	0.55


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 as below (rounded to the nearest tenth of a dB).
Additional allowance on top of scaled Browsing Mode TRS requirements for n281, n412, n772, n782
	Operating band
	Allowance (dB)

	n28
	0.51

	n41
	0.52

	n77, n78
	0.62

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


Observation 2: Using REFSENS RB scaling provides a uniform framework that can be applied across all (low and high) bands. 
Proposal 1: Agree on REFSENS RB scaling factor to derive requirements on alternate CBW for n28/n41/n77/n78 and capture in TR 38.870
Proposal 2: Based on measurement results across 10 devices across HO and BHH, add allowance as average of delta seen across all collected empirical data and capture in TR 38.870. The average of available empirical data is listed in the table below:
Average_TRS20MHz  = Average_TRS100MHz + log10(NRB_20MHz/NRB_100MHz) + X
Additional allowance on top of scaled Browsing and Talk Mode TRS requirements for n281, n412, n772, n782
	Operating band
	Allowance (dB)

	n28
	0.51

	n41
	0.52

	n77, n78
	0.62

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



Proposal 3: Endorse CR to TR 38.870 on framework to scale requirements for alternate CBW for n28/n41/n77/n78 along with additional allowance.
Summary
Observation 1: The requirement for the alternate channel bandwidth may not necessarily be a linear adjustment based purely on RB scaling as empirical data shows a pessimistic bias. Therefore the agreed empirical measurement approach is critical to understand if additional allowance is required.
Observation 2: Using REFSENS RB scaling provides a uniform framework that can be applied across all (low and high) bands. 
Proposal 1: Agree on REFSENS RB scaling factor to derive requirements on alternate CBW for n28/n41/n77/n78 
Proposal 2: Based on measurement results across 10 devices across HO and BHH, add allowance as average of delta seen across all collected empirical data and capture in TR 38.870. The average of available empirical data is listed in the table below:
Average_TRS20MHz  = Average_TRS100MHz + log10(NRB_20MHz/NRB_100MHz) + X
Additional allowance on top of scaled Browsing and Talk Mode TRS requirements for n281, n412, n772, n782
	Operating band
	Allowance (dB)

	n28
	0.51

	n41
	0.52

	n77, n78
	0.62

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



Proposal 3: Endorse CR to TR 38.870 on framework to scale requirements for alternate CBW for n28/n41/n77/n78.
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Issue 2-4-7: Limit the additional CBW only for bands n28/n41/n77/n78 without further extension and stated in
the spec

o Limiting the additional CBW only for bands n28/n41/n77/n78 without further extension and stated in the spec.
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Issue 2-3-1: How to scale the defined large CBW to narrow CBW requirements?

Agreement:

- Option 1: REFSENS RB scaled factor, or Option 2: 7B, as the basic scaling factor for Band nd1/77/78,
additional allowance value on top of i is also considered, the exact value is FFS. Need input from companics.
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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.




