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1. Introduction
In RAN4 NRAH#3, a way forward on HPUE was agreed [2], and other contributions discussed how the power is shared between links or antennas [1, 3]. In [2], it was agreed that NR HPUE will be defined for both Band 78 and Band 41. Still, there were further discussions on PA configuration for the two cases. This contribution clarifies the need for Band 41 NR NSA/SA modes and 2x2 UL MIMO cases.
2. Discussion
In this contribution, the complete set of requirements needed to define NR HPUE for band 41 is provided. It discusses its application to implementation already supporting two antennas UL and 2x2 UL MIMO.
2.1. Band 41 HPUE Feature Support
For Band 41 NR HPUE, the following feature support is proposed:

· Two separate transmitter paths and antennas mandatory for 2 UL NR DC, which can be used for:
o   B41 LTE + NR n41 DC in NSA mode

o   2x2 UL MIMO for NR n41 SA
o   2x2 UL MIMO for LTE band 41

o   Facilitate other LTE band combinations with n41 in UL 2x2 MIMO (only one antenna shared) or n41 single antenna (separate antenna)

     HPUE supported in all modes
· Uplink/Downlink configuration 2 with 20% duty cycle maintains 23 dBm total UE Tx power and meets SAR requirements

· UL 256QAM
2.2. Band 41 HPUE Definition
As already discussed multiple times HPUE is essential for the higher frequency bands to better balance the UL and the DL and benefits both coverage and achievable DL data rates. HPUE further enables the use of uplink/downlink configuration 2 which with 20% UL duty cycle enables even higher bandwidth for DL than the uplink/downlink configuration 1 of 40% UL duty cycle that has been used to define LTE Band 41 HPUE.
Proposal 1: Band 41 NR HPUE definition is based on uplink/downlink configuration 2 for both NSA and SA modes.

With the uplink/downlink configuration 2 duty cycle of 20%, a 29dBm total power still meets the 23dBm averaged power and is equivalent to the current band 41 HPUE 26dBm with 40% duty cycle. It is not the intention to support 29dBm on a single antenna, rather to account for the lower duty cycle when defining the power per antenna for implementations supporting NSA LTE + NR or for SA NR or LTE with 2x2 UL MIMO.
As discussed in 2.1, implementation supporting two separate antennas can enable a number of modes and the output power configurations for the different modes are proposed in Table 1 below.

Proposal 2: Band 41 HPUE NR power class definition should enable the following power configurations in Table 1, these modes are conditional to the use of uplink/downlink configuration 2:

Table 1: Power configuration per antenna for Band 41 NR HPUE

	Mode
	DC/CA combination
	Antenna 1
	Antenna 2

	Band 41 NR NSA
	Up to DC_41X-n41X
	26dBm LTE
	26dBm NR

	Band 41 NR 2x2UL MIMO SA
	Up to CA_n41X
	26dBm NR
	26dBm NR

	Band 41 LTE 2x2UL MIMO
	Up to CA_41D
	26dBm LTE
	26dBm LTE

	Band 41 NR SA 1 antenna
	Up to CA_n41X
	26dBm NR
	-

	Band 41 LTE fall back
	Up to CA_41D
	26dBm LTE
	-

	To be supported with uplink/downlink configuration 2 or lower duty cycle


2.3. NSA DC with Band 41 Using Separate Antenna
Band 41 MR solutions supporting 2x2 UL MIMO will benefit from the presence of two complete transmit paths up to the antenna. This is particularly important for cases where IMD products from two UL may be an issue. Instead of suffering from a high level forward IMD from having the two UL through the same PA or switches, is will only see a significantly reduced reverse IMD from one signal coupling backwards to other path via the antenna coupling as is shown in Figure 1 for the separate antenna case.
For example, this will significantly reduce the IMD products for DC_41A-n41A LTE/NR NSA with separate antennas which, although there is no MSD concern since they are synchronous TDD operation, could need A-MPR for NS04 due to IMD products.
Any other inter-band NR or LTE combination including Band 41 will also benefit from this separate antenna possibility to drastically reduce any potential IMD issue. These issues can be related to potential MSD, but also to potential spurious emissions in protected bands, specific NS support or in-device coexistence. For example, for the following NR DC combination (not exhaustive):
·  DC_41A-n78, DC_41A-n77, DC_41A-n79
·  DC_25A-n41, DC_26A-n41

Estimation of Reverse IMD versus Forward IMD Performance
In Figure 1 we describe the difference in both the 2UL tone levels and the IMD behavior for the active device for a single transit path versus a 2 antenna solution which come for free once 2x2 UL MIMO is supported.
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Figure 1: IMD construction with single transmit path (left) and two separate transmit paths (right) 
As can be seen from Figure 1, there is two major aspects than differ between the separate antenna case and the single transmit path case:

· Firstly, the active device (power amplifier) see the two tone in the reverse direction (reverse IMD) versus the forward direction (forward IMD)
=> Significantly reduces the IMD levels which is thus dominated by the passive devices (filter and switches)

· Secondly, the interfering tone see the antenna isolation and thus has unequal tones versus equal tones for the single transmit case.

=> Further reduces the IMD levels which also become asymmetrical thus exact IMD index is important.
In order to evaluate the benefits of using the two separate antennas available from 2x2 UL MIMO support, the reverse IMD performance of a B41 HPUE PA has been measured with the following assumptions:
· Output power per antenna = 26dBm CW tone signal

· Antenna isolation of 13dB => interfering tone at other antenna 13dBm
· Post PA losses of 4dB => forward tone at PA output 30dBm, reverse tone at 9dBm

· Forward tone at 2540MHz, reverse tone at 2650MHz

Measured IMD levels in dBm/dBc at PA output are listed in Table 2:
Table 2: Reverse IMD levels

	IMD

order
	IMD

index
	Frequency

[MHz]
	side
	Level

[dBm]
	Level

[dBc]

	IMD3
	2/-1
	2430
	lower
	-86
	116

	IMD3
	-1/2
	2760
	upper
	-108
	138

	IMD5
	3/-2
	2320
	lower
	-114
	144

	IMD5
	-2/3
	2870
	upper
	-136*
	166

	IMD6
	4/-2
	4860
	upper
	-129
	159

	* measurement floor less than 10dBc


As can be seen from these measurement the IMD levels are very low and thus do not cause issues for other bands or NS04. This is true especially if it is compared to the forward case, even with 3dB reduction on each tone:

· Output power per antenna = 26dBm 2x 100RB 20MHz QPSK LTE signals at 23dBm

· Post PA losses of 4dB => forward tones at PA output = 27dBm

· PA OIP3 = 45dBm and OIP5 = 37dBm
· IMD3 level at -9dBm and IMD5 level at -13dBm

In fact in this case the IMD level also sees contribution from the passive device like filter and switches: 

· Switches and acoustic filters with OIP3 >75dBm are common
· The element the closest to the antenna will see 26dBm forward tone and 13dBm reverse tone

· IMD3 will be -85dBm for the higher tone and -98dBm for the lower tone

· Assuming two passive devices with same IP3:

· IMD3 will be -82dBm for the higher tone and -95dBm for the lower tone
It is to be noted that for inter-band combinations with Band 41 using separate antenna the interfering level will further be attenuated by diplexers and filters resulting in further reduced IMD levels.
Observation 1: 
· Use of separate antenna and reverse IMD operation provides with >60dB lower intra band IMD products or an equivalent performance that would require >30dB back-off for a single transmit chain. 
· For inter-band cases IMD levels will be further improved due to a further attenuated reverse tone by diplexers. 

· This improvement exists for NR combinations with Band 41 supporting 2x2 MIMO but also for n78 band supporting 2x2 UL MIMO.
· This results in removing any potential issue with NS or emissions in ISM bands
2.4. Peak Current to Enable 29dBm Peak Power
As concerns have been raised in the past on the needed peak current to support up to 29dBm total peak power, in Table 3 we provide a comparison with Low Band GSM case that is still supported in current UEs and current Band 41 LTE HPUE.
As can be seen from Table 2, the proposed Band 41 NR HPUE has the same average power and current as Band 41 LTE HPUE which are both significantly lower than low band GSM/GPRS class 12 case. The proposed Band 41 NR HPUE also has similar peak current as low band GSM/GPRS class 12 case, but since it will be half for each PA, it is easier to manage.

Table 3: Comparison of PA output power and currents for different modes

	Mode
	PA Peak Power [dBm]
	Duty Cycle [%]
	Average Antenna Power [dBm]
	PA Max Power Efficiency

[%]
	Peak Current In-Burst [mA]
	Average Current [mA]

	Low Band GSM/GPRS Class 10
	34.5
	25 %
	27.0
	55.0
	1350
	337.5

	Low Band GSM/GPRS Class 12
	34.5
	50 %
	30.0
	55.0
	1350
	675.0

	LTE Band 41 HPUE: 

26dBm, one antenna, 
uplink/downlink configuration 1
	30.0
	40 %
	22.0
	40.0
	658
	263.2

	Proposed NR band 41 HPUE: 

26dBm Antenna 1 + 26dBm Antenna 2

uplink/downlink configuration 2
	33.0
	20 %
	22.0
	40.0
	1316
	263.2


Observation 2: Band 41 NR HPUE support has similar output power, average and peak currents as other modes already supported in current UEs.

3. Conclusion
This contribution provides a complete set of definition of NR HPUE power class for Band 41, implementing two separate antenna paths as required for UL 2x2MIMO support. It is based on uplink/downlink configuration 2 and thus enables 29dBm peak power, but shared between two antennas. The following proposals are made:
For Band 41 NR HPUE, the following feature support is proposed:

· Two separate transmitter paths and antennas mandatory for 2 UL NR DC, which can be used for

o   B41 LTE + NR n41 DC in NSA mode

o   2x2 UL MIMO for NR n41 SA
o   2x2 UL MIMO for LTE band 41

o   Facilitate other LTE band combinations with n41 in UL 2x2 MIMO (only one antenna shared) or n41 single antenna (separate antenna)

     HPUE supported in all modes

· Uplink/Downlink configuration 2 with 20% duty cycle maintains 23dBm total UE Tx power and meets SAR requirements

· UL 256QAM

Proposal 1: Band 41 NR HPUE definition is based on uplink/downlink configuration 2 for both NSA and SA modes.

Proposal 2: Band 41 HPUE NR power class definition should enable the following power configurations in Table 1, these modes are conditional to the use of uplink/downlink configuration 2:

Table 3: power configuration per antenna for Band 41 NR HPUE

	Mode
	DC/CA combination
	Antenna 1
	Antenna 2

	Band 41 NR NSA
	Up to DC_41X-n41X
	26dBm LTE
	26dBm NR

	Band 41 NR 2x2UL MIMO SA
	Up to CA_n41X
	26dBm NR
	26dBm NR

	Band 41 LTE 2x2UL MIMO
	Up to CA_41D
	26dBm LTE
	26dBm LTE

	Band 41 NR SA 1 antenna
	Up to CA_n41X
	26dBm NR
	-

	Band 41 LTE fall back
	Up to CA_41D
	26dBm LTE
	-

	To be supported with uplink/downlink configuration 2 duty cycle (or lower)


Also an estimation of separate antenna benefit on IMD levels was investigated and the following observation made:

Observation 1: 
· Use of separate antenna and reverse IMD operation provides with >60dB lower intra band IMD products or an equivalent performance that would require >30dB back-off for a single transmit chain. 
· For inter-band cases IMD levels will be further improved due to a further attenuated reverse tone by diplexers. 

· This improvement exists for NR combinations with Band 41 supporting 2x2 MIMO but also for n78 band supporting 2x2 UL MIMO.

· This results in removing any potential issue with NS or emissions in ISM bands

Current and power impact of HPUE 2x2 MIMO support is also studied with following observation:
Observation 2: Band 41 NR HPUE support has similar output power, average and peak currents as other modes already supported in current UEs.
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