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Introduction
[bookmark: _Hlk126747574]The WF in RAN4 #109 [1] agrees to further discuss the two proposed metrics.

Issue 1-1-1: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1 (averaging TRPs)
· Option 2 (Max EIRPs)
Agreements:
· Focus on performance metric discussion of two options with a goal to select a single metric as baseline in Rel-18. 
· Comparison criteria to assist in down-selection should be discussed in the next meetings

This contribution proposes a compromise between the two options and provides simulated values for the proposed metric.
TRP metric proposal
Both options capture the essence of TRP, e.g. Option 1 follows the traditional definition and produces conservative estimate of TRP. While Option 2 selects the best value at every grid point and delivers an optimistic TRP.
A possible compromise between the two options would be a TRP metric with a weighted sum over the grid points. Because UL MIMO with TPMI index 2-5 generates a beam like pattern in specific directions and a metric would only need to capture the main beam. For example, a metric that sums over half sphere containing the main beam as the back lobe is of no interest to base stations. In this case, the weight for the half sphere containing back lobe would be zero. 
Once the metric values corresponding individual TMP index is calculated, the values can be averaged or be used as four separate metrics.
A general formula of proposed metric would be:
			         (1)
Where 
Wi denotes weight at each grid point and K is given below.
			        (2)
For example, if the weight values are 1 for 0 < < and 0 for , respectively, it would correspond to integration over half of sphere containing the main beam as shown in equation (3).
			  (3)
[bookmark: _GoBack]Where ’ and ’ are variables in a new spherical coordinate rotated to align ’=0 and ’=0 with the peak of the main beam. The main beam direction can be determined by a single maximum EIRP point or an average of EIRP values over a finite solid angle.
For illustration purposes, simulations for two dipoles mounted on top and bottom sides of a device show that TRP increases by 1 to 1.5dB if the integration covers the main beam with  in the range of 90 degrees or less.
Proposal 1: use weighted sum over the main beam for TPMI index 2-5 with angular range of [0, 90°]
Proposal 2: use the average of metrics for TPMI index 2-5 as UL MIMO TRP

An error in UL MIMO simulation assumption
An error was spotted in the text below of simulation assumptions for UL MIMO in the annex of [1].

Assume the total available power is PT = 10(26/10) mW, PA and PB are conducted power from Antenna A and B, respectively, PV is a random variable between [0, 10(4/10)] with a uniform distribution (to be agreed).

[0, 10(4/10)] should read [10(0/10), 10(4/10)] or [1, 10(4/10)] because the power variation range is [0, 4] dB. The lower range of 0 dB should be a corresponding linear value of 1.
Proposal 3: correct the range of variable PV in the annex of R4-2321209 from [0, 10(4/10)] to [10(0/10), 10(4/10)]
On scaling TRP and TRS from PC2 to PC3 
Antenna efficiency would remain the same for both PC2 and PC3 transmission, so would the various insertion losses in the transmit chain. TRP change from PC2 to PC3 is therefore proportional to the difference in maximum transmit power. 
Proposal 4: use TRP(PC3) = TRP(PC2) – 3 dB to convert TRP from PC2 to PC3 

Receive and transmit chains do not interfere with each other in TDD. Namely the spurious emission from transmit chain does not get into receive chain in TDD systems. As a result, TRS measured for PC2 should remain the same for PC3.
Proposal 5: in TDD, TRS is the same for both PC2 and PC3.

For FDD, 38.101-1 [1] states the following for two and four Rx chains.
The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n48, n77, n78, n79, n104 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.
For power class 2 UEs, certain degradation of the reference sensitivity in Table 7.3.2-1a is allowed. The maximum amount of degradation is specified in Table 7.3.2-1c, and in Table 7.3.2-1d for a UE that indicates txDiversity-r16.

Table 7.3.2-1c Reference Sensitivity Degradation from PC3 to PC2 for FDD bands for UE not supporting Tx Diversity
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	n1
	0
	0
	0
	0
	0
	0
	-
	0
	0
	0

	n3
	0.5
	0.5
	0.5
	0.5
	0.6
	0.8
	1.1
	1.5
	2.3
	2.8

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4



[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK5]Table 7.3.2-1d Reference Sensitivity Degradation from PC3 to PC2 for FDD bands for UE supporting Tx Diversity
	Operating Band
	5
MHz
(dB)
	10
MHz
(dB)
	15
MHz
(dB)
	20
MHz
(dB)
	25
MHz
(dB)
	30 MHz (dB)
	35 MHz (dB)
	40
MHz
(dB)
	45 MHz (dB)
	50
MHz
(dB)

	n1
	0
	0
	0
	0
	0
	0
	-
	0
	0
	0

	n3
	1.4
	1.5
	1.5
	1.5
	1.6
	1.7
	2.8
	5
	5.5
	6.0

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2G.4



Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
	Operating band
	ΔRIB,4R (dB)

	n5, n8, n28, n71, n85, n105
	-2.71

	n1, n2, n3, n25, n30, n40, n7, n34, n38, n39, n41, n66, n70
	-2.7

	n48, n77, n78, n79, n104
	-2.2

	NOTE 1:	4 Rx operation is targeted for FWA form factor



The receiver performance such as SNR remains the same regardless PC2 or PC3. However, PC2 would produce more spurious emission in the receive band than that of PC3. Assuming TRS is proportional to receive sensitivity, Table 7.3.2-1c, Table 7.3.2-1d and Table 7.3.2-2 should be used to convert TRS from PC2 to PC3. However, the following difficulties need to be resolved before such conversion.
· How to identify if a UE supports Tx diversity or not
· How to identify the number of Rx chains in a UE

Observation 1: Table 7.3.2-1c, Table 7.3.2-1d and Table 7.3.2-2 from 38.101-1 could be used to convert TRS from PC2 to PC3 provided support of Tx diversity and number of receive chains can be identified.
Conclusions
This contribution makes the following proposals and observation.
Proposal 1: use weighted sum over the main beam for TPMI index 2-5 with angular range of [0, 90°]
Proposal 2: use the average of metrics for TPMI index 2-5 as UL MIMO TRP
Proposal 3: correct the range of variable PV in the annex of R4-2321209 from [0, 10(4/10)] to [10(0/10), 10(4/10)]
Proposal 4: use TRP(PC3) = TRP(PC2) – 3 dB to convert TRP from PC2 to PC3
Proposal 5: in TDD, TRS is the same for both PC2 and PC3.
Observation 1: Table 7.3.2-1c, Table 7.3.2-1d and Table 7.3.2-2 from 38.101-1 could be used to convert TRS from PC2 to PC3 provided support of Tx diversity and number of receive chains can be identified.
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