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[bookmark: foreword][bookmark: _Toc70512662][bookmark: _Toc70666576][bookmark: _Toc70666618][bookmark: _Toc70666659][bookmark: _Toc70666700][bookmark: _Toc70666740][bookmark: _Toc70666779][bookmark: _Toc70666838][bookmark: _Toc114475328]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: scope][bookmark: _Toc70512663][bookmark: _Toc70666577][bookmark: _Toc70666619][bookmark: _Toc70666660][bookmark: _Toc70666701][bookmark: _Toc70666741][bookmark: _Toc70666780][bookmark: _Toc70666839][bookmark: _Toc114475329]
1	Scope
The present document is a technical report for release 17 basket WI High-power UE operation for fixed-wireless/vehicle-mounted use cases in LTE bands and NR bands.
[bookmark: references][bookmark: _Toc70512664][bookmark: _Toc70666578][bookmark: _Toc70666620][bookmark: _Toc70666661][bookmark: _Toc70666702][bookmark: _Toc70666742][bookmark: _Toc70666781][bookmark: _Toc70666840][bookmark: _Toc114475330]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[bookmark: _Toc70512665][bookmark: _Toc70666579][bookmark: _Toc70666621][bookmark: _Toc70666662][bookmark: _Toc70666703][bookmark: _Toc70666743][bookmark: _Toc70666782][bookmark: _Toc70666841][bookmark: _Toc114475331]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc70512666][bookmark: _Toc70666580][bookmark: _Toc70666622][bookmark: _Toc70666663][bookmark: _Toc70666704][bookmark: _Toc70666744][bookmark: _Toc70666783][bookmark: _Toc70666842][bookmark: _Toc114475332]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
[bookmark: _Toc70512667][bookmark: _Toc70666581][bookmark: _Toc70666623][bookmark: _Toc70666664][bookmark: _Toc70666705][bookmark: _Toc70666745][bookmark: _Toc70666784][bookmark: _Toc70666843][bookmark: _Toc114475333]3.2	Symbols
For the purposes of the present document, the following symbols apply:
[bookmark: _Toc70512668][bookmark: _Toc70666582][bookmark: _Toc70666624][bookmark: _Toc70666665][bookmark: _Toc70666706][bookmark: _Toc70666746][bookmark: _Toc70666785][bookmark: _Toc70666844][bookmark: _Toc114475334]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
3GPP	3rd Generation Partnership Project

[bookmark: clause4][bookmark: _Toc70512669][bookmark: _Toc70666583][bookmark: _Toc70666625][bookmark: _Toc70666666][bookmark: _Toc70666707][bookmark: _Toc70666747][bookmark: _Toc70666786][bookmark: _Toc70666845][bookmark: _Toc114475335]4	Background
[bookmark: _Toc114475336]4.1	General
Rel-18 WI High-power UE operation for fixed-wireless/vehicle-mounted use cases in LTE bands and NR bands is a continuation for REL-17 basket WI High-power UE operation for fixed-wireless/vehicle-mounted use cases in LTE bands and NR bands.
[bookmark: _Toc114475337]4.2	Justification of the work
Support for fixed wireless and vehicle mounted user equipment usage scenarios, with broader rural coverage and higher data rates is envisioned as part of deployment configurations in LTE band 12, band 5 and band 13, and in NR band n5, n26, n13, n71 and n85. Improvements in coverage, availability, and throughput performance to meet the market demands associated with fixed wireless and vehicle mounted usage would be enabled with user equipment specified with a power class 1 (31dBm) up-link transmission capability.

The fixed wireless access scenario provides a variety of benefits consisting of rapid deployment, and a reduction of costs associated with the transport to a customer premise, relative to wireline types of transport. The enablement of fixed wireless user equipment provides backhauling services to an appropriate base station in a serving network, for any other equipment at the customer premise. Similarly, vehicle mounted access scenario provides both direct access to other devices and indirect access to other devices, via the network.

The REL17 WI on High-power UE operation for fixed-wireless/vehicle-mounted use cases in LTE bands and NR bands is completed with the approval of TR 37.828. REL17 completed all necessary core requirements, most of necessary co-existence studies and concluded release independence aspects.
Therefore, a REL18 WI can be started to further discuss and agree on the corresponding band specific HPUE requirements in the RAN4 specifications.
[bookmark: _Toc114475338]4.3	Objectives of the work
This is a basket WI including following E-UTRA and NR bands.
	Band
	contact company (email address)
	other supporters (min. 3)
	Status
	Release independent from

	5
	sebastian.thalanany@uscellular.com
	Nokia, Ericsson and Samsung
	Ongoing
	Rel-10

	12
	sebastian.thalanany@uscellular.com
	Nokia, Ericsson and Samsung
	Ongoing
	Rel-10

	13
	zheng.zhao@VERIZONWIRELESS.COM
	Nokia, Ericsson, Qualcomm and Samsung
	Ongoing
	Rel-10

	n5
	sebastian.thalanany@uscellular.com
	Nokia, Ericsson and Samsung
	Ongoing
	Rel-15

	n13
	zheng.zhao@VERIZONWIRELESS.COM
	Nokia,,Ericsson, Qualcomm and Samsung
	Ongoing
	Rel-15

	n26
	bill.shvodian@t-mobile.com
	Nokia, Ericsson, Deutsche Telekom
	Ongoing
	Rel-15

	n71
	bill.shvodian@t-mobile.com
	Nokia, Ericsson, Deutsche Telekom
	Ongoing
	Rel-15

	n85
	bill.shvodian@t-mobile.com
	Nokia, Ericsson, Deutsche Telekom
	Ongoing
	Rel-15




Band Specific objectives:
· UE A-MPR, and impact of other related parameters.
· see, R4-2210569 WF on A-MPR for bands n71 and n85
· For other bands which have NS value do A-MPR for protection of other bands study
· Investigate the feasibility of filter with small duplex for B13 and n13.

The corresponding HPUE requirements for fixed wireless/vehicular-mounted use cases for each can be included in the RAN4 specifications independently when the work on this band is complete, i.e. no need to wait for the completion of other bands. 
[bookmark: _Toc114475339]5 	Band specific requirements for a UE
Editor note: This section relates to the Band Specific objectives of the WI.
[bookmark: _Toc114475340]5.1	Bands n71 and n85
Editor note: All sub-clauses are not necessary for all bands.
[bookmark: _Toc114475341]5.1.1	REFSENS exception
[bookmark: _Toc114475342]5.1.2	A-MPR and MPR
[bookmark: _Toc114475343]5.1.2.1	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].

[bookmark: _Toc114475344]5.1.2.2	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

[bookmark: _Toc114475345]5.1.2.4	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

	
	QPSK
	8

	
	16-QAM
	8

	
	64-QAM
	8

	
	256-QAM
	8

	OFDM
	QPSK
	8

	
	16-QAM
	8

	
	64-QAM
	8

	
	256-QAM
	8



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

[bookmark: _Toc114475346]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



[bookmark: _Toc114475347]5.1.3	Feasibility of the filter
[bookmark: _Toc114475348]5.1.4		Feasibility of the PA
[bookmark: _Toc114475349]5.1.4	Other
[bookmark: _Toc114475350]5.2	Band XY
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Change history
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