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1.
Background
In FR1 UL MIMO MPR requirements, MPR values are defined as larger than 0dB for any Modulation and UL allocation, which means a UE might never reach certain power class requirement defined in MOP. The same issue happens for EN-DC intra-band contiguous and non-contiguous configurations. This paper discusses how to design the MOP test case in this situation.


2.
Discussion
2.1 UL MIMO MPR requirement
According to TS 38.211, only CP-OFDM is allowed for UL MIMO. 

<TS 38.211 Chapter 6.3.1.4>
If transform precoding is enabled according to 6.1.3 of [6, TS38.214], [image: image2.png]
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 depends on the configuration of phase-tracking reference signals.

The requirement FR1 MPR requirement for UL MIMO is extracted for reference:

<TS 38.101-1 Chapter 6.2D.2>

6.2D.2
UE maximum output power reduction for UL MIMO
For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2D.1-1 is specified in Table 6.2.2-1. The requirements shall be met with UL MIMO configurations defined in Table 6.2D.1-2. For UE supporting UL MIMO, the maximum output power is measured as the sum of the maximum output power at each UE antenna connector.

For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2D.4 apply.

If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.2 apply.
<TS 38.101-1 Chapter 6.2.2>
Table 6.2.2-1 Maximum power reduction (MPR) for power class 3

	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 


	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	0.52
	0.52
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	4.5

	CP-OFDM 


	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5

	NOTE 1:
Applicable for UE operating in TDD mode with PI/2 PBSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 26 dBm.

NOTE 2:
Applicable for UE operating in FDD mode, or in TDD mode in bands other than n40, n41, n77, n78 and n79 and if the IE powerBoostPi2BPSK is set to 0 and if more than 40 % of slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. 


From requirements abstract above, it can be concluded that with any modulation and RB allocation, a power reduction larger than 0dB is allowed.

Observation 1: For FR1 UL-MIMO power testing, a power reduction larger than 0dB is allowed with any modulation and RB allocation,

2.2 EN-DC MOP for intra-band contiguous and non-contiguous EN-DC configurations
According to TS 38.101-3, the MPR requirements for EN-DC MOP for intra-band contiguous and non-contiguous EN-DC configurations can be summarized as below: 

	dualPA-Architecture
	Overlapping
	dynamic power sharing
	MPR_LTE
	MPR_NR
	MPR_total

	Y
	Y
	Y
	36.101 6.2.3

>=0dB
	DC_41AA:

38.101-1 6.2B.2.1

>=6dB

DC_71AA:

38.101-1 6.2B.2.1 referring to 6.2B.3.1

>=6dB
	>=0dB

	
	
	N
	DC_41AA:

38.101-1 6.2B.2.1

>=5dB

DC_71AA:

38.101-1 6.2B.2.1 referring to 6.2B.3.1

>=6dB
	DC_41AA:

38.101-1 6.2B.2.1

>=5dB

DC_71AA:

38.101-1 6.2B.2.1 referring to 6.2B.3.1

>=6dB
	>0dB

	
	N
	FFS
	FFS
	FFS
	FFS

	N
	Y
	-
	Any value
	Any value
	Any value

	
	N
	-
	FFS
	FFS
	FFS

	NOTE:
Since the requirements for non-overlapping transmission are still unstable in RAN4, FFS is left in this table.


As per the discussion in R5-196437, a power reduction larger than 0dB will apply in all situations.

Observation 2: For EN-DC MOP for intra-band contiguous and non-contiguous configuration, a power reduction larger than 0dB will apply in all situations.

2.3 Examples found in LTE
This situation is not NR specific, in LTE there were similar cases but different approachs were used. 
<TS 36.521-1 6.2.2A.3>

6.2.2A.3
UE Maximum Output Power for CA (intra-band non-contiguous DL CA and UL CA)

NOTE:
No test case details specified as the UE power class requirements (MPR=0dB) cannot be verified for the intra-band non-contiguous UL CA case due to the MPR is always bigger than 0 dB in current non-contiguous Uplink CA configurations according to Table 5.4.2A.1-3.

<TS 36.521-1 6.2.2G.1>
6.2.2G.1
UE Maximum Output Power for V2X Communication / Non-concurrent with E-UTRA uplink transmission

NOTE: This test need not be performed because the Maximum Power Reduction (MPR) can be applied regardless of the number of RBs.

6.2.2G.1.1
Test purpose

Same test purpose as in clause 6.2.2.1.
6.2.2G.1.2
Test applicability

This test case applies to all types of UE that support V2X Sidelink communication and Band 47.

Observation 3: Different approaches were adopted in LTE:
Approach 1: No test cases details specified.

Approach 2: Test case details are specified with a Note indicating that the case needs not be performed.

In both cases, the test case is listed in TS 36.521-2.

2.4 Discussion on WF in NR
The situation described above will lead to some obstacles in defining the MOP test case, which can be summarized as below: 
1. With inevitable MPR, the MOP can’t be really verified. In RAN5 specification, test case MOP is used to verify the power requirement of each Power Class without any power reduction. But in the discussed situation, the Power Class might never be reached and verified, therefore the MOP is not testable in its original meaning.
2. No matter what configuration is tested in MOP, there would be repeated testing in MPR. All the power reduction requirements and corresponding configurations would be fully verified in MPR and A-MPR testing. If the MOP test case is defined with any configuration, the exact same requirements can be covered in MPR testing.
3. Defining a MOP test case might lead to misunderstanding in certification body. If the MOP test case is defined with details and listed in the applicability specification, there might be misunderstanding in certification body that the Power Class requirements can be reached.
Observation 4:With inevitable MPR, the MOP can’t be really verified; No matter what configuration is tested in MOP, there would be repeated testing in MPR. Defining a MOP test case might lead to misunderstanding in certification body.
Based on above consideration, it is proposed to not define test points for MOP and indicate MOP as non-testable in applicability specification.

Proposal 1: If for certain feature there is inevitable power reduction, it is proposed to not define MOP test points and indicate MOP as non-testable in applicability specification (38.522).


3.
Conclusion
Based on the discussion above, please RAN5 considers to endorse Proposal 1 or Proposal 2.
Observation 1: For FR1 UL-MIMO power testing, a power reduction larger than 0dB is allowed with any modulation and RB allocation.
Observation 2: For EN-DC MOP for intra-band contiguous and non-contiguous configuration, a power reduction larger than 0dB will apply in all situations.

Observation 3: Different approaches were adopted in LTE:

Approach 1: No test cases details specified.

Approach 2: Test case details are specified with a Note indicating that the case needs not be performed.

In both cases, the test case is listed in TS 36.521-2.
Observation 4:With inevitable MPR, the MOP can’t be really verified; No matter what configuration is tested in MOP, there would be repeated testing in MPR. Defining a MOP test case might lead to misunderstanding in certification body.
Proposal 1: If for certain feature there is inevitable power reduction, it is proposed to not define MOP test points and indicate MOP as non-testable in applicability specification (38.522).
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