[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting # 95-e	R4-2006668
Electronic Meeting, 25 May – 06 June, 2020

Source: 	Skyworks Solutions, Inc.
Title: 	[NR_eMIMO] RIMD impact on EVM and MPR for UL MIMO and Tx Diversity
Agenda Item:	6.11.1.2	Uplink Tx Full Power transmission 	[NR_eMIMO-Core]
Agenda Item:	4.4.2.1	Power class related to UL MIMO and other related req. (MPR, SEM, etc) 	[NR_newRAT-Core]
Document for:	Approval
Introduction
In RAN4#94-Bis e-meeting, the requirements and power class aspects for UL MIMO and Tx Diversity depending on UE implementations have been discussed for both Release 16 and 15 [1]. The MPR requirement, especially, needs to be revisited and account for reverse IMD issues inherent to UL MIMO and Tx Diversity. More specifically its impact on EVM. We have already treated this aspect in [2] and have done further measurements for 29dBm power class in [3] that can also be applied to PC2 implementations using two 23dBm or two 26dBm PAs. 
Discussion
EVM Measurements for UL MIMO implemented with two “half-power” PAs from [3]
Although the measurements presented in this section were performed for the 29dBm power class UL MIMO and Tx Diversity, it is representative of PC2 implemented with two PC3 PAs as the PAs have 3dB lower power capability than the targeted power class in both cases. Furthermore, PC2 and 29dBm power class rely on the same 0dB MPR waveform and ACLR of 31dB. We further discuss the details of the applicability of the results in the next chapter.
PA Calibration
From [1], the assumptions are 4dB post PA losses and 10dB antenna isolation with two 26dBm chains. In our setup where 2PAs can be coupled with a programmable isolation, we used two PC2 band n41 PAs calibrated at 1dB MPR for DFT-s-OFDM QPSK 20MHz 100RB0 waveform and 31 dBc ACLR (29dBm at PA output). Waveforms always use equal power and equal back-off on each PA.
Measurements
To isolate the impact of reverse IMD, we used indirect measurement with specific allocation generating separate IMDs and derived the EVM from the SNR between the wanted allocation and the IMD3 product using the same measurement bandwidth (slightly smaller than the allocation size). Two sets of allocation were used with 6 and 10RB at 15 kHz SCS. Both CP-OFDM and DFT-s-OFDM were measured across 10, 12 and 14dB antenna isolation.
EVM versus Pout and Isolation
Table 1 shows the EVM related to third order reverse IMD versus output power at 10/12/14dB antenna isolation for DFT-s-OFDM and CPOFDM with two measured waveforms (WF1 6RB, WF2, 10RB). EVM is derived from the measured allocation to IMD product power ratio in dB in the same measurement bandwidth with SNR=20*Log(EVM).

Table 1: Third order RIMD induced EVM contribution vs output power and Antenna isolation
	EVM
[%]
	Antenna Isolation [dB]

	
	10
	12
	14

	Waveform
	CP-OFDM
	DFT-s-OFDM
	CP-OFDM
	DFT-s-OFDM
	CP-OFDM
	DFT-s-OFDM

	Ptot [dBm]
	WF1
	WF2
	WF1
	WF2
	WF1
	WF2
	WF1
	WF2
	WF1
	WF2
	WF1
	WF2

	28.9
	3.62%
	3.65%
	4.05%
	4.17%
	2.85%
	2.90%
	3.22%
	3.29%
	2.25%
	2.32%
	2.51%
	2.55%

	28.0
	3.31%
	3.27%
	3.15%
	3.40%
	2.60%
	2.58%
	2.48%
	2.70%
	2.06%
	2.07%
	1.97%
	2.13%

	27.1
	2.74%
	2.80%
	2.29%
	2.45%
	2.12%
	2.20%
	1.77%
	1.88%
	1.73%
	1.74%
	1.38%
	1.51%

	26.1
	2.24%
	2.22%
	1.41%
	1.72%
	1.74%
	1.72%
	1.06%
	1.34%
	1.39%
	1.41%
	0.87%
	1.06%

	25.1
	1.70%
	1.68%
	0.91%
	1.03%
	1.32%
	1.30%
	0.70%
	0.79%
	1.01%
	1.05%
	0.56%
	0.63%

	24.2
	1.22%
	1.20%
	0.50%
	0.56%
	0.98%
	0.94%
	0.37%
	0.44%
	0.77%
	0.76%
	0.31%
	0.36%

	23.2
	0.83%
	0.79%
	0.28%
	0.31%
	0.63%
	0.62%
	0.21%
	0.24%
	0.51%
	0.51%
	0.18%
	0.20%

	22.2
	0.51%
	0.50%
	0.17%
	0.17%
	0.40%
	0.39%
	0.14%
	0.14%
	0.31%
	0.31%
	0.12%
	0.12%

	21.2
	0.30%
	0.30%
	0.13%
	0.14%
	0.23%
	0.23%
	0.11%
	0.11%
	0.19%
	0.19%
	0.09%
	0.10%

	20.3
	0.19%
	0.17%
	0.12%
	0.12%
	0.14%
	0.14%
	0.10%
	0.11%
	0.12%
	0.12%
	0.08%
	0.09%

	19.2
	0.12%
	0.13%
	0.11%
	0.12%
	0.10%
	0.11%
	0.10%
	0.10%
	0.09%
	0.10%
	0.08%
	0.09%


 
A few interesting aspects can be already observed from these results:
· Both allocations results in EVM differences <0.1% showing a consistent and accurate measurement
· Antenna isolation has a much lower impact than reduced power:
· With 4dB higher isolation EVM is reduced by about 1.4%
· With 4 dB back-off EVM s reduced by > 2%
· DFT-s-OFDM EVM has faster reduction than CP-OFDM with increased back-off
· To get negligible absolute EVM of ~0.2dB, the required back off is:
· At 10dB isolation: 9dB for CP-OFDM and 7dB for DFT-s-OFDM
· At 12dB isolation: 8dB for CP-OFDM and 6dB for DFT-s-OFDM
· At 10dB isolation: 7dB for CP-OFDM and 6dB for DFT-s-OFDM
· This correspond to 1dB MPR gain per 2dB of increased isolation

Note. the level for RIMD5 was also captured for all measured cases. The worst case additional EVM contribution of RIMD5 is less than 0.02% and thus can be ignored.

In practice, the RIMD EVM contribution should be compared with the overall system budget for the different modulation order. This is discussed in the next chapter.
Analysis of Additional RIMD EVM Contribution
In Table 2 we provide the RIMD EVM contribution for the different modulation order at 10dB antenna isolation based on the PC2 inner allocation MPR table. Since each PA is designed for PC2 operation and only inner allocations are EVM or IBE limited, this is the right starting point to devise the impact of the additional RIMD EVM contributor to the overall transmitter EVM budget.
Since 29dBm power class has the same ACLR requirement, there are only two aspects that need verification for the combined signal MPR: 
· Additional MPR vs PC2 to meet the same absolute level SEM (mostly related to edge allocations as already found in PC2 vs PC3 MPR)
· In-band EVM or IBE aspects, which as discussed above relate to inner allocations for the worst case.
In Table 2,  we start from the PC2 inner allocation MPR value for the different modulation order and waveform and report the associated RIMD3 EVM from Table 1 at 10dB antenna isolation.
Based on that, we determine the allowed maximum EVM of the rest of contributors to stay within the system EVM requirements and report the delta.
Finally, since image contribution has improved from 25 dB in LTE to 28 dB for NR and the rest of the EVM contributors should at worst be equal to the LTE performance level, it is useful to compare the LTE image related EVM to the overall contribution of NR image AND RIMD which is available in last column.



Table 2: RIMD3 EVM contribution at PC2 inner MPR level vs modulation order for 10dB antenna isolation
	
	
	inner MPR
	RIMD EVM
	EVM rest
	total
	delta
	NR image
	LTE image
	Image + RIMD

	CP-OFDM
	QPSK
	0
	4.2%
	17.0%
	17.5%
	0.5%
	4%
	5.6%
	5.8%

	
	16QAM
	1
	3.4%
	12.0%
	12.5%
	0.5%
	4%
	5.6%
	5.2%

	
	64QAM
	2.5
	2.1%
	7.7%
	8.0%
	0.3%
	4%
	5.6%
	4.5%

	
	256QAM
	4.5
	0.8%
	3.4%
	3.5%
	0.1%
	2%
	2.0%
	2.2%

	DFT-s-OFDM
	QPSK
	1.5
	3.1%
	17.2%
	17.5%
	0.3%
	4%
	5.6%
	5.1%

	
	16QAM
	2
	2.8%
	12.2%
	12.5%
	0.3%
	4%
	5.6%
	4.9%

	
	64QAM
	3.5
	2.0%
	7.7%
	8.0%
	0.3%
	4%
	5.6%
	4.5%

	
	256QAM
	6.5
	0.7%
	3.4%
	3.5%
	0.1%
	2%
	2.0%
	2.1%



From Table 2 we make the following observations:
· On the required delta to leave room for the extra RIMD3 contribution in the overall EVM budget:
· For QPSK/16 and 64 QAM, About 0.5% headroom is needed for DFT-s-OFDM and 0.3% for CP-OFDM. Given overall budgets of 8% and above this is relatively small.
· For 256QAM due to an already large back-off, only 0.1% headroom is needed for both CP-OFDM and DFT-s-OFDM. This is a small contribution, but the overall budget is also tighter.
· Note that whatever extra back-off could be added, there will still be a need for some headroom to accommodate the extra contribution.
· On comparing the combined EVM contribution of NR image And RIMD to the LTE image EVM budget:
· For almost all cases the combined RIMD and NR image EVM is smaller than the LTE image budget
· Exceptions are the following:
· DFT-s-OFDM QPSK has 0.2% higher contribution, which is very small in comparison to the system budget of 17.5%. This only requires 0.1% headroom to be accommodated for.
· For CP-OFDM and DFT-s-OFDM 256QAM cases since there is no image improvement in NR compared to LTE a 0.1% impact is observed.
Applicability to PC2 Tx Diversity and UL MIMO
Although these measurements were performed for two 26dBm PA, they are also valid for the two 23dBm PA case as we are comparing using 2x23dBm PA to reach 26dBm versus using 2x26dBm PAs to reach 29dBm. 
Linearity level is calibrated at the same level since 31dBc ACLR applies for both cases and EVM, like ACLR and IBE, is a relative requirement.
The only slight difference is that a 23dBm PA design, if only targeted to PC3, would correspondingly target only 30dB ACLR. For such design 0.4dB of MPR would be sufficient to achieve the extra 1dB ACLR with margin. We believe this small linearity difference can be easily compensated by biasing adjustments and can make use of the MOP tolerances. In the end the limitation for such implementation may come from the SEM limits that are de facto 3dB more stringent, but could still benefit of the additional edge allocation definition for PC2.
In any case, ACLR and SEM will only impact the outer or edge allocation while inner allocations are driven only by IBE and EVM which are only relative measurements. If we account for a 0.4dB linearity adjustment, the numbers in Table 1 and Table 2 RIMD EVM column will increase by 0.3% for DFT-s-OFDM QPSK and 0.1% for 256QAM which does not change the conclusions of the analysis. Note, that regardless of this, inner allocation MPR being the same for PC3 and PC2, linearity adjustment is only relevant for ACLR.
Since in our study of EVM impact on inner allocation for the 29dBm power class, our analysis is based on applying PC2 single port inner allocation MPR which is also the same for PC3, it is also valid for PC2 with 2x23dBm.
Inner allocation MPR proposal for PC2 UL MIMO and Tx Diversity
One important aspect to consider before we make our proposal for PC2 is the testability of the requirement. Whether the EVM/IBE is tested per connector or by combining the measurements from both connectors, for Tx Diversity or UL MIMO, the Reverse IMD effect will not be present since the antennas will not be part of the measurement setup. 
PCB isolation must be at least 10dB higher than antenna isolation to ensure antenna isolation dominates. Based on our measurements with larger antenna isolation, the RIMD3 contribution from a >20dB PCB isolation becomes negligible.
This means that, although extra contribution exists, it will not be visible in conformance test. Still this analysis is important as it shows the impact is small and can be accommodated within current EVM budget and confirms that all modulation order can be supported in the network.
Observations: 
· RIMD3 impact to EVM is small and RIMD5 negligible and thus can be accommodated within current EVM budget at the PC2 inner allocation MPR level for all modulation order including 256QAM and enables the use of all modulation order in the network for both UL MIMO and Tx Diversity mode of operation.
· Conducted tests will not exacerbate the RIMD issue and thus extra requirement for it will not be observable.
· Furthermore, if PC2 Tx Diversity or UL MIMO is implemented with two 26dBm PAs, the RIMD impact will become negligible since each PA will have de facto 3dB extra back-off

Given that the extra contribution can be accommodated within the existing budget and that RIMD issue is not observable in conducted tests, we propose the following

Proposal 1: 
· PC2 single port inner allocation MPR level can be reused for PC2 power class inner allocation MPR in Tx Diversity and UL MIMO modes and result in valid EVM performance for all modulation order when implemented with two 23dBm PAs and can also apply to two 26dBm PA implementation, only resulting in further margins.
· MPR for outer and edge allocation for PC2 UL MIMO or Tx Diversity implemented with two 23dBm PA is FFS.

Conclusions
This contribution provides our reverse IMD measurements and the analysis of its impact to EVM performance across waveforms and modulation orders for UL MIMO and Tx Diversity modes. This allowed a number of observations and the proposal detailed below:

Observations: 
· [bookmark: _GoBack]RIMD3 impact to EVM is small and RIMD5 negligible and thus can be accommodated within current EVM budget at the PC2 inner allocation MPR level for all modulation order including 256QAM and enables the use of all modulation order in the network for both UL MIMO and Tx Diversity mode of operation.
· Conducted tests will not exacerbate the RIMD issue and thus extra requirement for it will not be observable.
· Furthermore, if PC2 Tx Diversity or UL MIMO is implemented with two 26dBm PAs, the RIMD impact will become negligible since each PA will have de facto 3dB extra back-off

Proposal 1: 
· PC2 single port inner allocation MPR level can be reused for PC2 power class inner allocation MPR in Tx Diversity and UL MIMO modes and result in valid EVM performance for all modulation order when implemented with two 23dBm PAs and can also apply to two 26dBm PA implementation, only resulting in further margins.
· MPR for outer and edge allocation for PC2 UL MIMO or Tx Diversity implemented with two 23dBm PA is FFS.
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