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1 Introduction
PC2 UL MIMO has been discussed extensively in both last RAN4 and RAN meetings. Besides the power class issue, requirements are also interleaved in the discussion, but the unwanted emissions and MPR requirements are less controversial as that of power class. This contribution specifically discusses the potential changes of SE and SEM in conjunction with the affected MPR requirements.
2 Discussion
For a long time, most of the UL MIMO requirements are applied at each transmit antenna connector and the situation is the same for output RF spectrum emissions requirements. However, during the discussion, it was proposed to change the existing out of band emission and spurious emission requirements to be applied to the sum of the emissions from all UE antenna connectors as below, though they were not agreed yet [1]:
	2.1.1 6.5D.2
Out of band emission for UL MIMO

The requirements for Out of band emissions resulting from the modulation process and non-linearity in the transmitters apply to the sum of the emissions from all UE antenna connectors.

For Ues with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements in subclasuse 6.5.2 apply to the sum of the emissions from all  UE antenna connectors. The requirements shall be met with UL MIMO configurations described in subclause 6.2D.1.

2.1.2 6.5D.3
Spurious emission for UL MIMO

The requirements for Spurious emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products apply to the sum of the emissions from all UE antenna connectors.

For Ues with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements specified in subclasuse 6.5.3 apply to apply to the sum of the emissions from all UE antenna connectors. The requirements shall be met with the UL MIMO configurations described in subclause 6.2D.1.


The requirement itself can be further discussed, however, one important aspect identified is that the revision of MPR requirement was missing in the proposed changes for SE and SEM. Previously, the MPR requirement for PC2 was evaluated by simulation campaign, and at that time it was based on the single PA model. In Rel-15, clearly we have the UE architecture assumption that for PC2 UL MIMO, the UE is implemented with 2x23dBm PAs. 
According to the proposed changes for SE and SEM, the requirements can still be tested against at each antenna connector, while the applied requirements will be tightened by 3dB at each antenna connectors instead. Thus for the 2x23dBm UL MIMO implementation, the PC2 MPR requirements shall be revisited accordingly. 

The existing MPR requirements for PC3 and PC2 are copied as below for convenience of discussion. 

	[image: image1.png]Table 6.2.2-1 Maximum power reduction (MPR) for power class 3

i MPR (dB)
Modulation Edge RB allocations Outer RB allocations Inner RB allocations
<351 <101 <0.2!
Pi/2 BPSK > g:gz < ;:gz 8'22
DFT-s-OFDM QPSK <1 0
16 QAM <2 1
64 QAM <25
256 QAM <45
QPsK <3 =15
CP-OFDM 16 QAM <3 <2
64 QAM <35
256 QAM £6.5

NOTE 1: Applicable for UE operating in TDD mode with Pi/2 BPSK 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 with Pi/2
BPSK modulation 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.

Table 6.2.2-2 Maximum power reduction (MPR) for power class 2

Modulation MPR (dB)
Edge RB allocations Outer RB allocations Inner RB allocations
Pi/2 BPSK <35 <05 0
DFT-s- QPSK <35 <1 0
OFDM 16 QAM <35 <2 <1
64 QAM <35 <25
256 QAM <45
QPSK <35 <3 <15
CP-OFDM 16 QAM <35 <3 <2
64 QAM <35
256 QAM <6.5







For high order modulation schemes, i.e. 256QAM, the MPR limiting factor is mainly the EVM requirement. The tightened requirements would have much impact on edge RB and outer RB allocations. Based on our evaluation, MPR for both DFT-s-OFDM and CP-OFDM are obviously increased especially for the edge RB allocation. After comparison of the current PC2 and PC3 MPR requirements, it is noted that for BPSK, the MPR is relaxed for 3dB while for QPSK it is relaxed by 2.5dB, which was changed without too much discussion in RAN4 [2]. 
Roughly estimate, increasing the output power with 3dB can be considered similarly to tightening the near end requirement by 3dB. For QPSK, 0.5dB additional MPR needs to be considered for the edge RB allocation according to our evaluation. And for 16QAM and 64QAM, the MPR can be aligned with QPSK. The proposed MPR values for power class 2 UE supporting 2Tx transmission are listed in Table 3.

Table 3 Maximum power reduction (MPR) for power class 2 UL MIMO 
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 
	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	0

	
	QPSK
	≤ 4
	≤ 1
	0

	
	16 QAM
	≤ 4
	≤ 2
	≤ 1

	
	64 QAM
	≤ 4
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM 
	QPSK
	≤ 4
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 4
	≤ 3
	≤ 2

	
	64 QAM
	≤ 4

	
	256 QAM
	≤ 6.5


In addition, there are some measurement guidelines described in the specification to improve the measurement accuracy and some changes were already implemented in the E-UTRA specification. With tightened SE and SEM, we can also consider some additional clarification in terms of measurement improvement. A Note was already captured in specification for SEM requirement. 
NOTE:
As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
For PC2 UE supporting UL MIMO, we propose that the Resolution BW is 10% of the measurement BW and the result should be integrated to achieve the measurement bandwidth.
On the other hand, to comply with the tightened with less power backoff, the setup of sweeping time should also be considered for the SE measurement. Hence, we also propose to add additional clarification that the sweep time shall be set at least as (sweep points)*(symbol length) to improve the measurement accuracy in the SE measurement. 
Draft changes are attached in the Annex part of the contribution. During the discussion in last RAN4 meeting, companies commented that the revised PC2 MPR requirement should not be put in clause 6.2.2. Instead, we change the requirement to clause 6.2D.2 for UL MIMO. 
3 Conclusion

MPR requirements for PC2 UE supporting UL MIMO were discussed in this contribution. As the potential changes of SE and SEM for UL MIMO actually tightened the requirements sharply compared to the current specification, new MPR for PC2 should be introduced to reflect the changes accordingly. The proposed MPR requirements as well as some consideration of measurement improvement are listed in the table below:
Table 4 Maximum power reduction (MPR) for power class 2 UL MIMO
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	0

	
	QPSK
	≤ 4
	≤ 1
	0

	
	16 QAM
	≤ 4
	≤ 2
	≤ 1

	
	64 QAM
	≤ 4
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 4
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 4
	≤ 3
	≤ 2

	
	64 QAM
	≤ 4

	
	256 QAM
	≤ 6.5

	NOTE 1:
The requirement shall be applied at each antenna connector.

NOTE 2:
For spectrum emission mask measurement, Resolution BW is 10% of the measurement BW and the result should be integrated to achieve the measurement bandwidth.
NOTE 3:
For spurious emission measurement, the sweep time shall be set at least as (sweep points)*(symbol length) to improve the measurement accuracy.


Proposal: It is proposed to define the MPR requirements for PC2 UE supporting 2Tx transmission in Table 4 together with changes of unwanted emission requirements for UL MIMO.
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Annex (Draft CR)
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 for PC3 UE, while for PC2 UE, the MPR requirements defined in Table 6.2D.2-1 apply for each antenna connector. The requirements shall be met with UL MIMO configurations defined in Table 6.2D.1-2. 
Table 6.2D.2-1 Maximum power reduction (MPR) for power class 2

	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	0

	
	QPSK
	≤ 4
	≤ 1
	0

	
	16 QAM
	≤ 4
	≤ 2
	≤ 1

	
	64 QAM
	≤ 4
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 4
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 4
	≤ 3
	≤ 2

	
	64 QAM
	≤ 4

	
	256 QAM
	≤ 6.5

	NOTE 1:
The requirement shall be applied at each antenna connector.

NOTE 2:
For spectrum emission mask measurement, Resolution BW is 10% of the measurement BW and the result should be integrated to achieve the measurement bandwidth.
NOTE 3:
For spurious emission measurement, the sweep time shall be set at least as (sweep points)*(symbol length) to improve the measurement accuracy.


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 clause 6.2D.4 apply.

If UE is configured for transmission on single-antenna port, the requirements in clause 6.2.2 apply.
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