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1. Introduction R4-125719
In RAN4 #80, a method was proposed [4] to build on the UTRA TRP/TRS agreed limits [1], which were based in a data framework and negotiation of some final issues, to inform proposed E-UTRA TRP/TRS limit values, via a principle of equivalent antenna efficiency.  This contribution shares a spreadsheet that can be used by other companies, applying their own known conducted TX power and RX efficiency values, to calculate in similar fashion proposed E-UTRA limit values.
2. Background
It has been proposed to establish TRP/TRS limits for E-UTRA bands based on the same data-gathering and data-processing framework used initially to attempt setting UTRA limits.  However, some fundamental limitations were identified in that framework, primarily that it fails to account for roaming bands’ performance and to accommodate the fact that multi-band devices must pass the specs in all bands in order to be considered as compliant [2][3].
In spite of these limitations, UTRA limits were finally agreed through negotiation and compromise, at least in part addressing these shortcomings in the end and resulting in UTRA limits that are technically challenging but within reach of OEMs in practice.  Because antenna efficiency is not fundamentally dependent on whether a device is operating in UTRA or E-UTRA mode, these values can be used, together with a self-consistent set of known conducted TX powers and RX sensitivities for all the UTRA and E-UTRA bands/modes, to calculate an equivalent set of TRP/TRS limits for E-UTRA.
This was done in the previous submission [4], using a self-consistent set of UTRA and E-UTRA conducted values representative of real phones, resulting in the limits proposed in that submission.  Here, we provide the spreadsheet used for those calculations, so that other companies can view the process and apply their own sets of conducted values to make a similar calculation of proposed limits.
In order to protect proprietary device information (the real phones’ conducted values), the spreadsheet is now populated with conducted values based on standard 3GPP reference values for TX power and RX sensitivity.  Because of this, it outputs proposed limits that are modestly different from those values proposed in [4].  It should be noted that these temporary values in the spreadsheet as shared are not being proposed as new limits.
3.  Discussion 
The calculation steps and references are self-documented in the spreadsheet, so only a few points are mentioned here.
First and most important, it is essential that a complete and self-consistent set of UTRA and E-UTRA conducted TX and RX values be applied in the spreadsheet, to produce sensible results.  In its as-published form, the spreadsheet is populated with values based on standard 3GPP references for both UTRA and E-UTRA.  The user is encouraged to populate it with realistic i.e. measured conducted values for real phones; but it must be emphasized that both UTRA and E-UTRA values be replaced with the real phone values.  Otherwise, the results will be nonsensical.
Note that the conducted RX sensitivity values applied in the calculations are for a single primary receiver.  Since it is assumed that most modern smart phones support diversity in UTRA bands (hence its diversity gain is built into the agreed UTRA TRP/TRS limits), this method of calculating means that the inferred antenna efficiency will be better in RX than TX, as a result of this diversity gain.  This correctly informs calculated TRS limits for E-UTRA, since all E-UTRA phones must also support a secondary receiver.
In light of this, the 3GPP E-UTRA RefSens values (which are applicable to two receivers active), are simply adjusted by 3 dB as shown in the auxiliary table in the spreadsheet, to get the equivalent value for a single receiver.
The only physics-based adjustment, as mentioned in the spreadsheet, is to apply a 1 dB degradation to 700 MHz bands, compared to the 800 ~ 900 MHz bands’ efficiencies calculated from the UTRA values.  This is in recognition of the increased performance challenge at these frequencies, as the device is becoming small relative a wavelength.
Even though the spreadsheet as shared is based entirely on 3GPP reference values (which as a whole can be quite different from modern phone values), it is noteworthy that the calculated TRP/TRS limits are actually quite close to those proposed in [4], which are based on realistic phone values.  It is somewhat a testament to the legitimacy of the calculation.
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Motorola Mobility Shared 3GPP TRP-TRS calc.xlsx
TS 136 101 V13 values as Basis

		Purpose: Extrapolate BHHx TRP/TRS specs in all bands, that are equivalent on an antenna efficiency basis to the agreed 3GPP spec in W1/W8.



		---The conducted values pre-populated here are 3GPP standard reference values as example, and the user is encouraged to change these by modifying the blue text, to real phone values.

		---The LTE conducted values are from TS 136 101 V13.3.0, tables 6.2.2-1 and 7.3.1-1, for 10 MHz BW.  LTE RefSens levels are adjusted by 3 dB to convert from dual-RX as in 136 101 to single-RX for this worksheet.  The WCDMA conducted values are from TS 125 101 V13.2.1, tables 6.1 and 7.2.



		---User should edit only the conducted values in blue text in cells C30-C54 and D30-D54.  WCDMA & LTE values must both be changed together, consistently, e.g. apply either all real phone values or all 3GPP values.



				R4-164969 values, May 27 2016.  BHHx 6-pt avg		Assumed conducted value for WCDMA		Implied antenna efficiency, 6-pt avg.

		W1 TRP		13.25		24.0		-10.8

		W1 TRS (combined)		-101.00		-106.7		-5.7				Note that implied efficiencies are extremely optimistic if 3GPP RefSens values are used to calculate them!

		W8 TRP		9.40		24.0		-14.6

		W8 TRS (combined)		-96.75		-103.7		-7.0



		Efficiencies are expressed in dB relative 100%; conducted powers, conducted sensitivities, TRP, and TRS are expressed in dBm.



		Note that conducted sensitivity is simply that of a single primary receiver. This causes the implied antenna efficiency for the RX case to be better than that for TX case, because it incorporates a realized diversity gain (appears to be around 1.5 dB in high bands, 0.5 dB in low bands) which must be considered as representative of BHHx conditions.  It means equivalent antenna efficiency for RX is better than that for TX and can be different between bands.  







		Then these implied antenna effiencies will be applied to TX & RX respectively in all mid/high bands and low bands, respectively.  For ultra-low bands, an additional 1 dB efficiency degradation will be applied, based on physics (device smaller compared to wavelength).





								Implied antenna efficiency, 6-pt avg.

		700 MHz TX						-15.6

		700 MHz RX						-8.0



		The expanded TRP/TRS specs are calculated here, based on these implied efficiencies and entered conducted values (pre-populated w/3GPP values).



		Band & Mode		BW		TX Conducted		RX Conducted		TRP Spec		TRS Spec

		W1		3.8		24.0		-106.7		13.25		-101.00

		W2		3.8		24.0		-104.7		13.25		-99.00

		W3		3.8		24.0		-103.7		13.25		-98.00

		W4		3.8		24.0		-106.7		13.25		-101.00								Auxiliary Table, Equivalent Single-RX

		W5		3.8		24.0		-104.7		9.40		-97.75								LTE conducted Psens Calculation:

		W8		3.8		24.0		-103.7		9.40		-96.75								Dual-RX RefSens		Equivalend Single-RX RefSens

		L1		10.0		23.0		-94.0		12.25		-88.30								-97		-94

		L2		10.0		23.0		-92.0		12.25		-86.30								-95		-92

		L3		10.0		23.0		-91.0		12.25		-85.30								-94		-91

		L4		10.0		23.0		-94.0		12.25		-88.30								-97		-94

		L5		10.0		23.0		-92.0		8.40		-85.05								-95		-92

		L7		10.0		23.0		-92.0		12.25		-86.30								-95		-92

		L8		10.0		23.0		-91.0		8.40		-84.05								-94		-91

		L12		10.0		23.0		-91.0		7.40		-83.05								-94		-91

		L13		10.0		23.0		-91.0		7.40		-83.05								-94		-91

		L17		10.0		23.0		-91.0		7.40		-83.05								-94		-91

		L20		10.0		23.0		-91.0		7.40		-83.05								-94		-91

		L25		10.0		23.0		-90.5		12.25		-84.80								-93.5		-90.5

		L26		10.0		23.0		-91.5		8.40		-84.55								-94.5		-91.5

		L28		10.0		23.0		-92.5		7.40		-84.55								-95.5		-92.5

		L29		10.0				-91.0				-83.05								-94		-91

		L30		10.0		23.0		-93.0		12.25		-87.30								-96		-93

		L39		10.0		23.0		-94.0		12.25		-88.30								-97		-94

		L40		10.0		23.0		-94.0		12.25		-88.30								-97		-94

		L41		10.0		23.0		-92.0		12.25		-86.30								-95		-92
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































