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1.	Introduction
[bookmark: _Hlk67504958]The release 18 work item on High-power UE operation for fixed-wireless/vehicle-mounted use cases in LTE bands and NR bands was approved at TSG RAN#96 [1]. PC1 A-MPR and MPR for bands n71 and n85 were discussed at TSG RAN4#104-e [2, 3] and a text proposal [4] was approved to record the discussion into TR 37.829 [5].
Further contributions on MPR were provided at TSG RAN4#104-bis-e [6] and this meeting [7] in which the simulation results show that up to 8.5 dB MPR is required for edge RB allocations limited by SEM due to linear spectral regrowth from the windowing effect, except for band n14 MPR which is keep as it is.
Note that simulation results in [2] show that 8.5 dB A-MPR is required for bands n71 and n85, but 8 dB was included in [4] as a compromise. As up to 8.5 dB MPR is required for edge RB allocations, it is proposed to adopt 8.5 dB for A-MPR for bands n71 and n85.
This contribution provides a text proposal to update the PC1 A-MPR and MPR clauses in TR 37.829.

2.	Text proposal
[bookmark: _Toc21092185][bookmark: _Toc29762400][bookmark: _Toc36026505][bookmark: _Toc37178832][bookmark: _Toc46222713][bookmark: _Toc61111526][bookmark: _Toc66810088][bookmark: _Toc74835926][bookmark: _Toc76502867]<Start of change>
[bookmark: _Toc106358936]5.1	Bands n71 and n85
Editor note: All sub-clauses are not necessary for all bands.
[bookmark: _Toc106358937]5.1.1	REFSENS exception
[bookmark: _Toc106358938]5.1.2	A-MPR and MPR
[bookmark: _Toc106358939]5.1.2.1	A-MPR Simulation assumptions
The simulation assumptions are based on the WF [3]:
· PC1 PA linearity is assumed (37dB ACLR for DFT-s-OFDM QPSK 20MHZ 100RB0 waveform with 1dB MPR).
· Normal TRX impairments are assumed: 28dB carrier and image leakage, 60dB CIM3 and 70dB CIM5.
· BB WOLA windowing aspects are covered.
· At least QPSK DFT-s-OFDM full and edge allocations are evaluated for 5 and 20MHz CBW.
· Other CBW and allocations are not precluded.

Other assumptions:
· Channel bandwidths and subcarrier spacings according to TS 38.101-1 [4], Table 5.3.5-1:
Table 5.1.2-1: Additional requirements for "NS_35"
	NR
band
	SCS
[kHz]
	UE channel bandwidth [MHz]

	
	
	5
	10
	15
	20

	n71
	15
	yes
	yes
	yes
	yes

	
	30
	-
	yes
	yes
	yes

	n85
	15
	yes
	yes
	yes
	-

	
	30
	-
	yes
	yes
	-



· Both OFDM and DFT-S-OFDM waveforms.
· All modulations: pi/2-BPSK, QPSK, 16-QAM, 64-QAM, 256-QAM.
· WOLA processing (window slope is 33 % of the short CP duration).
· SEM for n71 (NS_35) according to TS 38.101-1 [4], Table 6.5.2.3.1-1:
Table 5.1.2-2: Additional requirements for "NS_35"
	ΔfOOB
(MHz)
	Channel bandwidth (MHz) / Spectrum emission limit (dBm)
	Measurement bandwidth

	
	5
	10
	15
	20
	

	 0-0.1
	-15 
	-18 
	-20
	-21
	30 kHz 

	 0.1-6
	-13
	-13
	-13
	-13
	100 kHz

	 6-10
	-251 
	-13
	-13
	-13
	100 kHz

	 10-15
	
	-251
	-13
	-13
	100 kHz

	 15-20
	
	
	-251 
	-13 
	100 kHz

	 20-25
	
	
	
	-25 
	1 MHz

	NOTE 1:	The measurement bandwidth shall be 1 MHz



· SEM for n85 (NS_06) according to TS 38.101-1 [4], Table 6.5.2.3.4-1:
Table 5.1.2-3: Additional requirements for "NS_06" or "NS_07"
	ΔfOOB
(MHz)
	Channel bandwidth (MHz) / Spectrum emission limit (dBm)
	Measurement
bandwidth

	
	5
	10
	15
	

	± 0 – 0.1
	-15
	-18
	-20
	30 kHz

	± 0.1 – 1
	-13
	-13
	-13
	100 kHz

	± 1 – 6
	-13
	-13
	-13
	1 MHz

	± 6 – 10
	-25
	
	
	

	± 10 – 15
	
	-25
	
	

	± 15 – 20
	
	
	-25
	



· General requirements as specified in TS 38.101-1 [4].

5.1.2.2	A-MPR Simulation results
[bookmark: _Hlk112080397]All valid channel bandwidth / SCS combinations for n71 and 85, both waveforms, all modulations, all contiguous RB allocations have been simulated. Results of the two bands were quite similar due to the similar SEMs. Examples of the results are shown in Figures 5.1.2-1 to 5.1.2-5.
[image: ][image: ]
Figure 5.1.2-1. n71 back-off for 5 MHz, 15 kHz
[image: ][image: ]
Figure 5.1.2-2. n71 back-off for 10 MHz, 15 kHz
[image: ][image: ]
Figure 5.1.2-3. n71 back-off for 20 MHz, 15 kHz
[image: ][image: ]
Figure 5.1.2-4. n85 back-off for 5 MHz, 15 kHz
[image: ][image: ]
Figure 5.1.2.2-5. n85 back-off for 15 MHz, 15 kHz

In both n71 and n85, the allocations needing A-MPR are confined to narrow allocations close to either channel edge. Figures 5.1.2-6 and 5.1.2-7 depict two different cases. By coincident, both cases require a similar back-off.
[image: ]
Figure 5.1.2-6. Example spectrum: 10 MHz, OFDM, QPSK, 15 kHz, 1RB@0,
gated by IMD5 hitting the spurious emission limit

[image: ]
Figure 5.1.2-7. Example spectrum: 10 MHz, DFT-S-OFDM, QPSK, 15 kHz, 1RB@0,
gated by regrowth hitting the innermost SEM segment with 30 kHz MBW

5.1.2.43	A-MPR
It is agreed to specify the A-MPR for both n71 and n85 as follows:
If RB allocation is within Region A, apply the A-MPR given in Table 5.1.2-4. Otherwise, apply the MPR.
Table 5.1.2-4. PC1 A-MPR for n71 and n85
	Waveform
	Modulation
	Region A

	DFT-S-OFDM
	pi/2-BPSK
	8.5

	
	QPSK
	8.5

	
	16-QAM
	8.5

	
	64-QAM
	8.5

	
	256-QAM
	8.5

	OFDM
	QPSK
	8.5

	
	16-QAM
	8.5

	
	64-QAM
	8.5

	
	256-QAM
	8.5



An RB allocation is within Region A if
( LCRB ≤ 0.20 ∙ NRB and ( RBstart = 0 or RBstart + LCRB = NRB ) )
or
( LCRB = 1 and 5 ∙ | RBstart + 0.5 – NRB / 2 | ∙ 12 ∙ SCS ≥ 1.5 ∙ CBW + 5 MHz ).

Above, RBstart and LCRB are the lowest RB index and size of the RB allocation, NRB is the total number of RBs in the channel, and CBW is the channel bandwidth. The colors in the formula are used below when referring to subexpressions. Region A is illustrated in Figure 5.1.2-8.
The first condition covers narrow allocations at channel edge with spectral regrowth hitting the SEM (the vertical / slanted subregions in Figure 8). The second condition covers cases with IMD5 (of the allocation and its image, superpositioned with CIM5) hitting the spurious limit (the horizontal subregions in Figure 5.1.2-8). The expression 
| RBstart + 0.5 – NRB / 2 | ∙ 12 ∙ SCS gives the approximate distance of allocation center from channel center (given that LCRB=1). When multiplied with 5, we obtain the distance of the IMD5 component center from the channel center. The spurious region starts at the distance 1.5 ∙ CBW + 5 MHz from the channel center.
The allocation ratio limit of 0.20 is required, e.g., in Figure 1 (DFT-S-OFDM) where the total RB count is  NRB = 25 and the greatest allocation size requiring A-MPR is LCRB = 5.
[image: ]
Figure 5.1.2-8. The proposed Region A

5.1.2.4	Edge allocations for PC2 and PC1.5
As previously discussed in WF [3], if PC1 PA are intrinsically more linear than PC2 and PC3 PAs with an ACLR requirement 37dB of versus 31dB and 30dB respectively, FWA and potentially vehicle mounted UEs may still reuse the BB IC and the RF transceiver from a smartphone platform. This means that both TRX carrier, image and CIM3/5 impairments apply but also the BB WOLA filtering will seek the same compromise that is found in smartphone platforms in terms of transient performance and margin to the channel guard-band on the waveform spectrum.
If there are agreed assumptions for carrier, image and CIM3/5 impairments, there is no agreed WOLA filtering. Still, some information is available through the PC2 and PC3 experience.
Edge allocations were first introduced for PC2 MPR for QPSK and higher order modulations. Only later this concept was reused for PC3 in the context of Pi/2 BPSK with power boosting.
If the different MPR tables for PC3, PC2, PC1.5 and PC1 extracted from 38.101-1 [4] and copied at the bottom are compared, and focus for QPSK modulation, it can be found that:
•	PC3 does not have edge allocations and outer MPR is 1dB and 3dB for DFT and CP respectively.
•	PC2 has edge allocation MPR of minimum 3.5dB across all modulations and outer MPR is 1dB and 3dB for DFT and CP respectively. Edge allocations are allocations within the two edge RBs on each side of the channel.
•	For PC1.5 (using FWA case to neglect issues related to reverse IMD) has edge allocation MPR of minimum 6.5dB across all modulations and outer MPR is 2dB and 4dB for DFT and CP respectively. Edge allocations are allocations within the four edge RBs on each side of the channel.
•	PC1 MPR does not have edge allocations but if the same transceiver and BB would be assumed than for PC2 and PC1.5, then it would be needed.
It can be observed that while outer MPR is relatively constant across PC3 to PC1.5, edge A-MPR is increased dB/dB with the power class level, it is constant across modulation orders and edge RB region doubles in size every 3dB of PCmax. This means that this is not related to the transmit path linearity, but the consequence of the input spectrum from the BB.
With the above observation and if the same BB WOLA filtering would be assumed, the PC1 MPR should also have an edge allocation type at 8.5dB minimum MPR (2dB above PC1.5) and cover the 7RB at both edge of the channel (4*10^(2/10) is 6.4 and corresponds to a 2dB increase of the edge region).
Note that this edge allocation MPR is worst for channel bandwidths with lower guard-bands, but when considering A-MPR, one should further check these allocations as some NS have more stringent requirements in the OOB first 1MHz, either in terms of level or measurement bandwidth.
Therefore, it is agreed on edge allocations:
•	If PC1 MPR needs to be representative of implementations using BB and RF transceivers from smartphone platforms, it should consider the addition of an edge allocation type with a minimum MPR of 8.5dB and an edge region of seven RBs.
•	It may be feasible to agree a slightly better value of 8dB or add signaling for the UE to declare the need for this additional allocation type.
•	Edge allocations with similar WOLA performance than evaluated for PC2 should be carefully checked for NS where the requirement in the first OOB MHz is more stringent or use smaller measurement bandwidth than NR SEM.; especially for channel bandwidths with small guard-bands.
Table 6.2.2-1 Maximum power reduction (MPR) for power class 3
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	≤ 0.52
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52
	02
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5

	[bookmark: _Hlk525291220]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

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

	
	QPSK
	≤ 3.5
	≤ 1
	0

	
	16 QAM
	≤ 3.5
	≤ 2
	≤ 1

	
	64 QAM
	≤ 3.5
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3.5
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5



Table 6.2D.2-3 Maximum power reduction (MPR) for power class 1.5 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ 1.5
	≤ 0

	
	QPSK
	≤ 6.5
	≤ 2
	≤ 0

	
	16 QAM
	≤ 6.5
	≤ 3
	≤ 1

	
	64 QAM
	≤ 6.5
	≤ 3.5
	≤ 3

	
	256 QAM
	≤ 6.5
	≤ 5.5
	≤ 5.5

	CP-OFDM
	QPSK
	≤ 6.5
	≤ 4
	≤ 1.5

	
	16 QAM
	≤ 6.5
	≤ 4
	≤ 2

	
	64 QAM
	≤ 6.5
	≤ 4.5
	≤ 4

	
	256 QAM
	≤ 7.5
	≤ 7.5
	≤ 7.5

	NOTE 1:	This table is targeted to large FWA form factor with 20 dB or above antenna isolation.



Table 6.2.2-5 Maximum power reduction (MPR) for power class 1
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

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

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.5
	0
	0

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5




5.1.2.5	MPR Simulation results
Figure 5.1.2-9 shows the simulated power back-off for SEM-limited RB allocations at or close to channel edge, due to linear spectral regrowth caused by the windowing effect. Each marker represents a combination of CBW / waveform / modulation; its value is the maximum back-off among all combinations of SCS / RB allocation. Included are only parameter combinations that exceed the respective MPR of the given RB allocation.
Figure 5.1.2-9 shows a clear dependence between the back-off and CBW.

[image: ]
Figure 5.1.2-9: Simulated back-off and allowed MPR

For the SEM-limited RB allocations, the back-off is determined primarily by two factors:
· The emission limit in the first SEM segment at channel edge: The SEM limit is -13 dBm below 50 MHz CBW and -24 dBm from 50 MHz upwards (from Table 6.5.2.2-1 in TS 38.101-1 [4]). This can be seen as a sudden rise of back-off at 50 MHz CBW.
· The guard-to-SCS ratio, i.e, the ratio of minimum guard band width (from TS 38.101-1, Table 5.3.3-1) to the SCS: On the frequency axis, the linear spectral regrowth due to windowing scales with the SCS. The smaller the guard-to-SCS ratio, the higher emission and thus the higher required power back-off. Below 50 MHz CBW, the guard-to-SCS ratio mostly increases with increasing CBW, resulting in decreasing needed back-off. From 50 MHz upwards, the guard-to-SCS ratio mostly decreases with increasing CBW, resulting in increasing needed back-off.
[bookmark: _Hlk118295655]From the simulation data, the allowed MPR can be defined as described in clause 5.1.2.6. This will avoid allowing MPR that is more than necessary. For example, adopting a proposal to define the allowed MPR with a common value for all CBW <50 MHz and a common value for all CBW ≥50 MHz will result in a 2dB power back-off more than necessary for 45 MHz and 50 MHz CBW which, in turn, would lead to 2dB UL coverage loss. This is illustrated as green lines in Figure 5.1.2-9.
The Edge RB allocations are narrow allocations at or close to channel edge, so that their linear spectral regrowth reaches beyond the channel edge and its PSD is sufficient to violate the SEM. The required maximum RB allocation size of Edge RB allcoations is illustrated in Figure 5.1.2-10.
[image: ]
Figure 5.1.2-10: Maximum allocation size of Edge RB allocations as function of channel bandwidth

[bookmark: _Hlk118295867]From the simulation data, the set of Edge RB allocations can be specified separately for all CBW <50 MHz and for all CBW ≥50 MHz as described in clause 5.1.2.6.

5.1.2.6	MPR
It is agreed to specify the FR1 PC1 MPR for all operating bands as follows, except for band n14 MPR which is keep as it is:
Specify the MPR for Edge RB allocations as follows:
For PC1 UE supporting other bands than n14 the MPR for Edge RB allocation is defined as follows for two distinguished channel bandwidths groups as:
Within the <50MHz channel bandwidth group:

Within the ≥50MHz channel bandwidth group:

where CEIL(x,0.5 dB) means rounding x upwards to the closest multiple of 0.5 dB.

Specify the set of Edge RB allocations as follows:
For PC1 UE supporting other bands than n14 RB allocation is an Edge RB allocation if
 AND (  OR  ),
where

For  with DFT-S-OFDM waveform and pi/2-BPSK, QPSK, or 16-QAM modulation, Otherwise, 

5.1.3	Feasibility of the filter
[bookmark: _Toc106358940]5.1.4	Feasibility of the PA
[bookmark: _Toc106358941]5.1.4	Other

<End of change>
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