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1. Introduction
In order to progress in the definition of the requirement for DC_41A-n41A HPUE, this contribution explores a number of scenarios with measurements and compares behavior of both single PA/antenna and two PA/antenna architectures for A-MPR related to NS04 requirements based on [1] and [2].
2. Discussion
2.1. DC_41A_n41A NS04 A-MPR Requirement
In this chapter we provide an extract of N_04 requirements that apply to Band 41 and related PC3 and PC2 A-MPR.
Minimum Requirement (network signalled value "NS_04")

When "NS 04" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.19-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.

Table 6.6.3.3.19-1: Additional requirements 

	Frequency band

(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	 5, 10, 15, 20 MHz
	

	2490.5 ≤ f < 2496
	-13
	1 MHz

	0 < f < 2490.5
	-25
	1 MHz


UE Maximum Output Power with Additional Requirements
Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR)
	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)

	NS_04
	6.6.2.2.2, 6.6.3.3.19
	41
	5, 10, 15, 20
	Table 6.2.4-4, Table 6.2.4-4a


The next two Tables provide the required A-MPR for Band 41 PC3 and PC2 cases for single UL carrier. It is to be noted that although PC2 should provide 3dB higher output power, for the cases with A-MPR there is 2dB more than for the PC3 cases, offsetting most of the power class difference. For this single UL carrier LTE case, the issue is confined to a below a frequency threshold depending on channel bandwidth and using some RB allocation restrictions, A-MPR can be avoided.
For DC_41A_n41A non-contiguous cases however, IMD3/5 products can fall into both NS_04 ranges for many positions of the two carriers across the whole band. This may result into so many A-MPR cases that DC_41A_n41A HPUE becomes useless. In this contribution, we study these IMD products for both single and dual antenna architectures.

Observation: Non-contiguous DC_41A_n41A IMD products may require significant A-MPR across the whole band related to NS_04 to the point that single PA/antenna HPUE makes no sense. It is to be noted that IMD product will also fall into BT/Wi-Fi 2.4GHz band and cause in-device coexistence issue.

Table 6.2.4-4: A-MPR requirements for "NS_04" for Power Class 3 UE

	Channel bandwidth [MHz]
	Parameters



	5
	Fc [MHz]
	≤ 2500.5
	> 2500.5

	
	RBstart
	0 - 8
	9 – 24
	0 - 24

	
	LCRB [RBs]
	> 0
	> 0
	> 0

	
	A-MPR [dB]
	≤ 2
	0
	0

	10
	Fc [MHz]
	≤ 2504
	> 2504

	
	RBstart
	0 - 8
	9 - 35
	36 - 49
	0 - 49

	
	LCRB [RBs]
	≤ 15
	> 15 and < 25
	≥ 25
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 45
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 2
	≤ 1
	0
	0

	15
	Fc [MHz]
	≤ 2510.8
	> 2510.8

	
	RBstart
	0 - 13
	14 – 59
	60 – 74
	0 - 74

	
	LCRB [RBs]
	≤ 18 or ≥ 36
	> 18 and < 36
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	≥ 62
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 1
	0
	0

	20
	Fc [MHz]
	≤ 2517.5
	> 2517.5

	
	RBstart
	0 – 22
	23 – 76
	77 – 99
	0 - 99

	
	LCRB [RBs]
	≤ 18 or ≥ 40
	> 18 and < 40
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	≥ 86
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 3
	≤ 1
	≤ 1
	0
	0

	NOTE 1:
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2:
LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis
NOTE 4:
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


Table 6.2.4-4a: A-MPR requirements for "NS_04" for Power Class 2 UE

	Channel bandwidth [MHz]
	Parameters

	5
	Fc [MHz]
	≤ 2500.5
	> 2500.5

	
	RBstart
	0 - 8
	9 - 24
	0 - 24

	
	LCRB [RBs]
	> 0
	> 0
	> 0

	
	A-MPR [dB]
	≤ 3
	0
	0

	10
	Fc [MHz]
	≤ 2504
	> 2504

	
	RBstart
	0 – 8
	9 - 35
	36 - 49
	0 - 49

	
	LCRB [RBs]
	≤ 15
	> 15 and < 25
	≥ 25
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 45
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 5
	≤ 2
	≤ 3
	≤ 1
	0
	0

	15
	Fc [MHz]
	≤ 2510.8
	> 2510.8

	
	RBstart
	0 – 13
	14 – 59
	60 – 74
	0 - 74

	
	LCRB [RBs]
	≤ 18
	> 18 and < 36
	≥ 36
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 62
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 5
	≤ 2
	≤ 4
	≤ 3
	0
	0

	20
	Fc [MHz]
	≤ 2517.5
	> 2517.5

	
	RBstart
	0 – 22
	
	23 – 76
	77 – 99
	0 - 99

	
	LCRB [RBs]
	≤ 18 
	> 18 and < 40
	≥ 40
	N/A
	> 0
	> 0

	
	RBstart + LCRB [RBs]
	N/A
	N/A
	N/A
	≥ 86
	N/A 
	N/A

	
	A-MPR [dB]
	≤ 5
	≤ 2
	≤ 4
	≤ 3
	0
	0

	NOTE 1:
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2:
LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping which intersects regions, notes 1 and 2 apply on a per slot basis
NOTE 4:
For intra-subframe frequency hopping which intersects regions, the larger A-MPR value may be applied for both slots in the subframe


2.2. Single PA/Antenna Architecture and Signals 
Single PA/antenna architecture and signal flow is described in Figure 1. The LTE and NR signals are fed into a single PA and through the PA non-linearity generates IMD products that fall into the NS_04 protected frequency ranges potentially requiring significant A-MPR. In our calculations, we used a 4dB post PA loss assumption and PA operating point was chosen for 30dBc EUTRA ACLR for PC3. All power levels are 3dB higher for PC2 and 6dB higher for 29dBm HPUE. We also used equal power sharing for simplicity, but believe that equal PSD is more appropriate for intra-band DC with collocated sites. IMD products are dominated by PA forward IMD performance.
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Figure 1: Single PA/Antenna architecture and LTE/NR signals
2.3. Two PA/Antenna Architecture and Signals
Two PA/antenna architecture and signal flow is described in Figure 2. The LTE and NR signals are separately fed into each PA/antenna path at equal power for simplicity, but we believe that equal PSD is more appropriate for intra-band DC with collocated sites. 
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Figure 2: Two PA/Antenna architecture and LTE/NR signals
In this case the IMD products falling into the NS_04 frequency ranges are significantly reduced as the signal from the other path is only seen by the dedicated PA via two mechanisms:

1. Via PCB leakage but then the unwanted signal is 39dB lower than the wanted signal (versus 0dBc in the single PA/antenna case) resulting in very low IMD products

2. Via antenna coupling and the unwanted signal is seen as a reverse signal at 18dB lower power than the wanted forward signal. Again low IMD products are generated since the PA has 3dB higher back-off, reverse IP3 is higher and unwanted signal is lower. As discussed in [2], the passive front end components have their IMD contribution but this is again much lower than the PA forward IMD products.

In our calculations, we used a 4dB post PA loss assumption and PA operating point was chosen for 30dBc EUTRA ACLR for PC3 and, all levels are 3dB higher for PC2 and 6dB higher for 29dBm HPUE. In this case, IMD products falling into NS_04 frequency range are dominated by the PA reverse non linearity and passive front-end non-linearity as it has been discussed in [2]. In this study we focus on the PA measurements as they are representative of the overall behavior of the differences in architecture. Passive component impact is for further study in upcoming meetings as they require very linear test benches which were not available in time for this contribution. 
2.4. IMD Calculations and Compliance to NS_04
Single PA/Antenna Architecture
Reusing calculations from [1] for PC2 HPUE PA forward IMD:

· PA OIP3 = 45dBm and OIP5 = 37dBm
· Post PA losses of 4dB => forward tones at PA output = 27dBm each

· IMD3 level at -9dBm and IMD5 level at -13dBm at PA output thus -11dBm and -17dBm equivalent level at the antenna
· For PC3 this tones will only be 3dB lower

Assuming that LTE and NR carriers could have 1MHz equivalent allocation, both IMD3 and 5 products would significant fail the -25dBm/MHz requirement in frequency region where the B41 filter will not provide significant attenuation. This is also true for PC3 case. Similarly the -13dBm/MHz limit just below B41 can be failed by IMD3.
· Significant A-MPR is required for single PA/antenna architecture due to dual UL IMD levels, and that even for PC3.
Two PA/Antenna Architecture
Reusing inputs from [1, 3] it can be seen that:

· PA reverse IMD3/5 product are very low at <60dBm as observed from reverse IMD measurements in [1] and [3] (IMD5 worst case LTE10+NR10 partial allocation)
· Leakage paths can be ignored as demonstrated in [3]
· Switch related IMD3 levels are very low as calculated in [1].
Even for a 26dBm + 26dBm (29dBm power class) case, the IMD levels can easily meet the NS-04 requirements and it is reasonable to think that current PC2 A-MPR restricted frequency/RB principles will work. These low IMD levels will also enable good in-device coexistence with 2.4GHz ISM band.
· LTE A-MPR principle is applicable to two PA/antenna architecture and no extra A-MPR is required due to dual UL IMD levels even for a 29dBm power class.
Observations:
· Two PA/antenna architecture outperforms single PA architecture for DC_41A_n41. LTE A-MPR principle is applicable in a limited number of cases and no extra A-MPR is required due to dual UL IMD levels is needed to meet NS_04 requirement, even for a 29dBm power class.
· Single PA/antenna architecture DC_41A_n41 requires significant A-MPR due to dual UL IMD levels even for PC3 across the entire band making HPUE support questionable for this architecture.
· Both architectures have similar behavior for IMD products falling into 2.4GHz ISM band, making the two PA/antenna architecture more robust for in-device coexistence.
2.5. Proposals for DC_41A_n41A
Power Sharing

Although we have used equal power for each carrier in this study for sake of simplicity, like for DC_71A_n71A [3], we believe that in these intra-band dual connectivity cases, the scenario is for a collocated LTE and NR base station, and in this case power per RB should be very similar for LTE and NR thus correspond to an equal PSD case.

Proposal 1 on power sharing: Equal PSD split is used for collocated intra-band DC.
The two PA/antenna architecture shows significantly improved performance for NS_04 compliance and in-device coexistence even at the high output powers required for a 29dBm power class. Since this two PA/antenna architecture is de facto available for 2x2 MIMO.
Single PA/antenna architecture will suffer from significant A-MPR to meet NS_04 requirement and can probably only be used for PC3 operation.
Proposal 2 on UE architecture:

· Single PA/antenna architecture is used to develop A-MPR minimum requirement for PC3 only.
· Two PA/antenna architecture NS_04 requirement is developed for DC_71A_n71 HPUE. No UE capability is required for UEs already supporting 2x2 UL MIMO.
3. Conclusion
This contribution provides a study of DC_41A_n41A IMD behavior which allows us to propose a way forward to achieve the development of the NS_04 related minimum requirement for both single PA/antenna and two PA/antenna architectures. The following proposals are made:
Proposal 1 on power sharing: Equal PSD split is used for collocated intra-band DC.
Proposal 2 on UE architecture:

· Single PA/antenna architecture is used to develop A-MPR minimum requirement for PC3 only.
· Two PA/antenna architecture NS_04 requirement is developed for DC_71A_n71 HPUE. No UE capability is required for UEs already supporting 2x2 UL MIMO. 
These are based on the following observations:

Observations:
· Two PA/antenna architecture outperforms single PA architecture for DC_41A_n41. LTE A-MPR principle is applicable in a limited number of cases and no extra A-MPR is required due to dual UL IMD levels is needed to meet NS_04 requirement, even for a 29dBm power class.
· Single PA/antenna architecture DC_41A_n41 requires significant A-MPR due to dual UL IMD levels even for PC3 across the entire band making HPUE support questionable for this architecture.
· Both architectures have similar behavior for IMD products falling into 2.4GHz ISM band, making the two PA/antenna architecture more robust for in-device coexistence.
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