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Introduction
ECC has published a decision [1] for rules governing the unlicensed usage of the frequency band 5945 – 6425 MHz available for mobile service, fixed service, and fixed-satellite service in Europe.  The techincal requirements as they relate to UE RF requirements were summarized in [2].  This contribution provides A-MPR simulation results for the LPI (low power indoor) category of device.
Discussion
A-MPR simulation assumptions were agreed in [3] as follows
· A-MPR for PC5 is assessed using band n96 PC5 definitions for VLP and LPI device A-MPR. 
· No filter rejection is assumed <5935 MHz and >6425MHz for spurious emissions
· Same PA model and calibration setpoint from Band n96 is to be used. 
· A-MPR for other power classes are to be added at a later stage. 
· A-MPR studies for PC5 are to be compared and, if possible, decided at next RAN4 meeting.
The simulation results presented in this contribution conform to these assumptions; specifically, they apply to PC5 (20 dBm) power class for an LPI device.  No filter rejection was assumed above 6425 MHz to enable hardware reuse between this band and Band n96, although the additional spurious emission requirement of -22 dBm/MHz only applies below the band.
As previously conducted for Band n96, the following waveforms were simulated.  All valid channels were simulated for all channel bandwidths and SCS.  For wideband operation, all valid RB-set configurations were simulated.
Table 1.  Simulation scenarios for all CBW/SCS
	Scenario
	Modulation
	DFT/CP
	Allocation

	1
	QPSK
	CP
	Interlace_0

	2
	QPSK
	DFT-S
	Interlace_0

	3
	QPSK
	CP
	Full

	4
	QPSK
	DFT-S
	Full

	5
	16QAM
	CP
	Interlace_0

	6
	16QAM
	DFT-S
	Interlace_0

	7
	16QAM
	CP
	Full

	8
	16QAM
	DFT-S
	Full

	9
	64QAM
	CP
	Interlace_0

	10
	64QAM
	DFT-S
	Interlace_0

	11
	64QAM
	CP
	Full

	12
	64QAM
	DFT-S
	Full

	13
	256QAM
	CP
	Interlace_0

	14
	256QAM
	DFT-S
	Interlace_0

	15
	256QAM
	CP
	Full

	16
	256QAM
	DFT-S
	Full



The total backoff was simulated against the general NR-U requirements – ACLR 27 dB, NR-U general SEM, general spurious emissions, EVM, and in-band emissions.  Moreover, the band specific requirements were also simulated – in-band PSD of 10 dBm/MHz and additional spurious emissions of -22 dBm/MHz below 5935 MHz.  An overview of the results is shown in Figure 1.
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Figure 1.  A-MPR simulation results are indicated by orange dots.  MPR is shown by red X.
For some scenarios, it is observed that two MPR specifications are indicated in the diagram.  This results from wideband channels with different sub-band configurations being mapped to full or partial MPR according to Tables 6.2F.2-1 and 6.2F.2-2 of 38.101-1.
It can be seen that for 64QAM and 256QAM modulations, the MPR itself is sufficient.  These waveforms are limited by their EVM rather than by in-band PSD or additional spurious emissions.  However, for the lower order modulations, there are waveforms where MPR is not enough.  It was found that the PSD limit of 10 dBm/MHz is limiting for some waveforms where the bandwidth is narrow (single interlace, single 20 MHz RB-set in wideband channel) and where PAPR is lower (DFT-S-OFDM) and EVM is relaxed (QPSK).  This was found to be the case for scenario 2, but the backoff required was still lower than the 2.5 dB offered by MPR alone.  The maximum backoff required for PSD was found to be 2.2 dB for the following waveform
	Channel bandwidth: 40 MHz
	SCS: 30 kHz
	Modulation: QPSK
	Pre-coding: DFT-S-OFDM
Interlace_0
RB-set {10}
The additional spurious emission requirement of -22 dBm/MHz below 5935 MHz was found to be limiting for channels on the lower end of the band.  Given an in-band PSD of 10 dBm/MHz or lower and a requirement of -22 dBm/MHz, the required ACLR is 32 dB.  For the first ACLR, MPR by itself should ensure 27 dB or better.  Therefore, an additional backoff of a few dB is needed on top of MPR to meet the requirement.  Observing the simulation result above, it is seen that additional backoff of less than 1.5 dB on top of MPR is needed which is consistent with the rough analysis on ACLR.
Since it is only edge channels that are impacted, then the A-MPR should only apply to those impacted channels.  Only the lowermost channels for 20 MHz, 40 MHz, and 80 MHz channel bandwidths are impacted, while the lower two channels for 60 MHz channel bandwidth are impacted due to the staggering of 60 MHz channels on each side of an 80 MHz bonded WiFi channel.  However, the backoff required for the second 60 MHz channel seems to be met by MPR.
Finally, the A-MPR proposal is as follows.  The mapping of wideband channels to A-MPR is the same as for MPR as specified in Table 6.2F.2-2 of 38.101-1.
Table 2.  Proposed A-MPR for PC5 LPI
	Pre-coding
	Modulation
	RB Allocation

	
	
	Full2 (dB)
	Partial3 (dB)

	DFT-s-ODFM
	Pi/2 BPSK4
	≤ 1.5
	≤ 2.5

	
	QPSK
	≤ 2.0
	≤ 4.0

	
	16 QAM
	≤ 2.5
	≤ 4.0

	
	64 QAM
	≤ 3.5
	≤ 4.5

	
	256 QAM
	≤ 5.0
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 5.0

	
	16 QAM
	≤ 4.0
	≤ 5.0

	
	64 QAM
	≤ 5.5
	≤ 5.5

	
	256 QAM
	≤ 7.0
	≤ 7.0

	NOTE 1:	The A-MPR shall apply to all SCS in all active 20 MHz sub-bands contiguously allocated in the channel.  The MPR applies to interlaced allocations with uplink resource allocation type 2 as specified in TS 38.214 [10].
NOTE 2:	Full RB allocation A-MPR applies when all RB’s in a 20 MHz channel or all RB’s in all sub-bands for wideband operation are fully allocated and sub-bands are transmitted according to configuration A in Table 6.2F.2-2.
NOTE 3:	Partial RB allocation A-MPR applies when one or more RB’s in one or more sub-bands are not allocated or when the transmitted sub-bands for wideband operation are transmitted according to configuration B in Table 6.2F.2-2.
NOTE 4:	Applicable to Pi/2-BPSK modulation when IE powerBoostPi2BPSK is set to 0.
NOTE 5:	The A-MPR applies instead of MPR for 20 MHz channel centered at the nearest NR-ARFCN corresponding to 5955 MHz, 40 MHz channel at the nearest NR-ARFCN corresponding to 5965 MHz, 60 MHz channel at the nearest NR-ARFCN corresponding to 5975 MHz, and 80 MHz channel at the nearest NR-ARFCN corresponding to 5985 MHz.  For all other channels, A-MPR is zero and MPR as specified in Table 6.2F.2-1 applies.




Conclusion
A-MPR simulations were run for the European 6 GHz unlicensed band against the in-band PSD and additional spurious emission requirements.  An A-MPR table is proposed for PC5 LPI devices.
Reference
[1] [bookmark: _Hlk859252]ECC Decision (20)01, “On the harmonised use of the frequency band 5945-6425 MHz for Wireless Access Systems including Radio Local Area Networks (WAS/RLAN),” 20 November 2020.
[2] R4-2102416, “UE requirements for EU NR-U 6 GHz band,” Qualcomm Incorporated
[3] R4-2103229, “WF on introduction of lower 6GHz NR unlicensed operation for Europe,” Nokia, Qualcomm, Charter Communications Inc.

1

2

image1.png
w

Power backoff (dB)
IS

A-MPR for PC5 NR-U, LPI Band 6 GHz EU

x x
x
x
% x
x
6 7 8 9 10 1 12 13 14 15 16

Scenario number





