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1. Introduction
In RAN4 #109 meeting, the CR to 38.101 for MPR reduction has been agreed in [1]. However, there are some details and wording that need further discussion. So, we deliver a draft CR [2] based on [1] in this meeting and state the relative reasons and analysis about corresponding specification change in this contribution.
2. Discussion on spec change for MPR reduction
[bookmark: _Hlk151647342]From CR[1] it has been agreed that, when the UE indicates support for UE capability [powerBoostRel18] or [powerBoostTSRel18], and IE [powerBoostPi2BPSKRel18] or [powerBoostQPSKRel18] is also configured, power boosting would be available and ΔPPowerBoost would be added after Ppowerclass, so the lower bound of the maximun output power PCMAX,f,c is raised up. However, when A-MPR needs to be applied, the influence of ΔPPowerBoost should be considered prudently and PCMAX_L,f,c needs to be reduced to the original level before powerboosting to prevent A-MPR from losing its effect. 
[bookmark: _Hlk151989408][bookmark: _Hlk151565116]In the current spec, unless stated otherwise, the total reduction to UE maximum output power is max(MPR, A-MPR) where MPR is defined in clause 6.2.2. Therefore, the purpose of adding the parameter ΔPPowerBoost on the higher one of ‘MPR+∆MPR’ and ‘A-MPR’ is to bring PCMAX_L,f,c in the above situation back down to its original level and to make the A-MPR value effective enough when it is defined and needed. In clause 6.2.3, the A-MPR part has been updated as below and stated in CR[1].
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Figure 1. Changes to A-MPR in CR[1] when using ΔPPowerBoost
[bookmark: _Hlk159246639]2.1 The problem of the current spec
[bookmark: _Hlk158042844]The related problem introduced by the new definition of A-MPR is as follows:
When UE indicates support for UE capability [powerBoostRel18] and the RB allocation belongs to ‘the inner region but is outside the enhanced power inner region’ as defined in clause 6.2.2 in CR[1], it can be seen that the applicable MPR0 will be increased by ΔPPowerBoost. 
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Therefore, based on this premise, when A-MPR is smaller than (0+∆MPR), the additional increase of ΔPPowerBoost shouldn’t apply again, or else there will be double ΔPPowerBoost in ‘MPR+∆MPRc’ part. So that it will also be even lower than the original PCMAX_L,f,c by ΔPPowerBoost.
[bookmark: _Hlk158020095]PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c, (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(0+ ΔPPowerBoost +∆MPRc + ΔPPowerBoost, A-MPR)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
= MIN {PEMAX,c– ∆TC,c, (PPowerClass – ΔPPowerClass) – MAX(MAX(0+∆MPRc + ΔPPowerBoost, A-MPR)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
Observation1：In the premise that UE indicates support for UE capability [powerBoostRel18] and the RB allocation belongs to ‘the inner region but is outside the enhanced power inner region’, when A-MPR is smaller than (MPR+∆MPRc), there will be double ΔPPowerBoost in ‘MPR+∆MPRc’ part.
2.2 New modification scheme
Based on the above analysis, the new modification scheme is as follows:
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[bookmark: _Hlk159267601]Proposal1: When A-MPR takes effect, PCMAX_L,f,c should be pulled back to the original level before powerboost. 
And the different cases will be introduced as follows:
1、 [bookmark: _Hlk159254303]When A-MPR is smaller than MPR+∆MPRc: 
It seems that there is no additional power reduction request in this situation, but actually it should be divided into two different cases: (A-MPR+ ΔPPowerBoost ≤MPR+∆MPRc) and (MPR+∆MPRc <A-MPR+ ΔPPowerBoost). Because the conditions for A-MPR to work are not limited to it being higher than MPR+∆MPRc. And to make sure PCMAX_L,f,c can be pulled back to the original level before powerboost when A-MPR should take effect, A-MPR should be combined with ΔPPowerBoost here.
Observation2: When A-MPR is smaller than MPR+∆MPRc, it should be divided into two different cases: (A-MPR+ ΔPPowerBoost ≤MPR+∆MPRc) and (MPR+∆MPRc <A-MPR+ ΔPPowerBoost).
When A-MPR < MPR+∆MPRc, MAX(MPR+∆MPRc, A-MPR) = MPR+∆MPRc, if excluding other factors and only considering PPowerClass, ΔPPowerBoost, MPR+∆MPRc and A-MPR, the PCMAX_L,f,c formula will be simplified to the following format:
PCMAX_L,f,c = (PPowerClass + ΔPPowerBoost) – MAX(MPR+∆MPRc, A-MPR)
· [bookmark: _Hlk159254405][bookmark: _Hlk159252359]If (A-MPR+ ΔPPowerBoost > MPR+∆MPRc), which is equal to the difference of A-MPR and (MPR+∆MPRc) is smaller than ΔPPowerBoost, so after powerboost the output power will be higher than the orginal output power limited by A-MPR. 
For example: MPR+∆MPRc=3, A-MPR=2.8, ΔPPowerBoost=1(PC3), so before powerboost when A-MPR is effectual the PCMAX_L,f,c should be 23-2.8=20.2. After powerboost the PCMAX_L,f,c will be 23+1-MAX(3,2.8)=21. And it is significantly higher than the original output power limited by A-MPR, in which case A-MPR should start to take effect, so in this situation the PCMAX_L,f,c should be pulled back to the original level before powerboost. So there should be ΔPPowerBoost added after MAX(MPR+∆MPRc, A-MPR) and the PCMAX_L,f,c formula will change back to the format without ΔPPowerBoost: 
PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(MPRc+∆MPRc, A-MPRc) + ΔPPowerBoost + ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
= MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc) + ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
[bookmark: _Hlk159254561]Proposal2: If (A-MPR+ΔPPowerBoost>MPR+∆MPRc), there should be ΔPPowerBoost added after MAX(MPR+∆MPRc, A-MPR), otherwise after powerboost the output power will be higher than the orginal output power limited by A-MPR.
· If (A-MPR+ ΔPPowerBoost ≤ MPR+∆MPRc), which is equal to the difference of A-MPR and (MPR+∆MPRc) is higher than ΔPPowerBoost, so after powerboost the output power will still be lower than the orginal output power limited by A-MPR.
For example: MPR+∆MPRc=3, A-MPR=1.8, ΔPPowerBoost=1(PC3), so before powerboost when A-MPR is effectual the PCMAX_L,f,c should be 23-1.8=21.2. After powerboost the PCMAX_L,f,c will be 23+1-MAX(3,1.8)=21, it is still lower than the original output power limited by A-MPR, in which case A-MPR not need to take effect. And PCMAX_L,f,c can be increased by ΔPPowerBoost compared with the orginal format before powerboost.

2、 [bookmark: _Hlk159254591]When no A-MPR is defined:
It can be merged into the case of : A-MPR< MPR+∆MPRc. And it means that A-MPR is not required here actually, so when A-MPR+ ΔPPowerBoost ≤ MPR+∆MPRc, the PCMAX_L,f,c could be increased by ΔPPowerBoost, except for the inner outer region with UE capability [powerBoostRel18].
Proposal3: When no A-MPR is defined, it can be merged into the case of : A-MPR< MPR+∆MPRc.

3、 [bookmark: _Hlk159254684]When A-MPR is higher than MPR+∆MPRc:
[bookmark: _Hlk159254719]Which means A-MPR needs to take effect, so there should also be ΔPPowerBoost added after MAX(MPR+∆MPRc, A-MPR) to make sure the PCMAX_L,f,c can be pulled back to the original level before powerboost.
Proposal4: When A-MPR is higher than MPR+∆MPRc, there should also be ΔPPowerBoost added after MAX(MPR+∆MPRc, A-MPR) to make sure PCMAX_L,f,c can be pulled back to the original level before powerboost. 

4、Summary:
[bookmark: _Hlk159249421]According to the modification, there is a table summarizing the different cases under different combinations of (A-MPR, MPR+∆MPRc) and RB region:
[bookmark: _GoBack]Table1. PCMAX_L,f,c formula under different combinations of (A-MPR, MPR+∆MPRc) and RB region
	
	[bookmark: _Hlk159249921]UE capability [powerBoostRel18]
	UE capability [powerBoostTSRel18]

	
	enhanced power inner allocation region：MPR=0
	inner outer region (belongs to the inner region but is outside the enhanced power inner region): MPR=0+ ΔPPowerBoost
(In this region, PCMAX_L,f,c shouldn’t be  boosted)
	the whole inner region：MPR=0

	[bookmark: _Hlk159250095]A-MPR < MPR+∆MPRc, or no A-MPR is defined
	[bookmark: _Hlk159250164]A-MPR+ ΔPPowerBoost ≤MPR+∆MPRc 

(A-MPR will not take effect, PCMAX_L,f,c can be  boosted)

	[bookmark: _Hlk159249760]PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(0+∆MPRc, A-MPR)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }

[PCMAX_L,f,c  boosted]
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX( 0 + ΔPPowerBoost +∆MPRc, A-MPR)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }，

[PCMAX_L,f,c not boosted in the limited region]
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(0+∆MPRc, A-MPR)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }，
[PCMAX_L,f,c  boosted]

	
	[bookmark: _Hlk159250192]MPR+∆MPRc <A-MPR+ ΔPPowerBoost

(A-MPR will take effect, PCMAX_L,f,c shouldn’t be  boosted)
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(0+∆MPRc, A-MPR+ ΔPPowerBoost)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }，

[PCMAX_L,f,c not boosted]
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX( 0 + ΔPPowerBoost +∆MPRc, A-MPR+ ΔPPowerBoost)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }，

[PCMAX_L,f,c not boosted]
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(0+∆MPRc, A-MPR+ ΔPPowerBoost)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }，
[PCMAX_L,f,c not boosted]

	A-MPR > MPR+∆MPRc

(A-MPR will take effect, PCMAX_L,f,c shouldn’t be  boosted)
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(0+∆MPRc, A-MPR+ ΔPPowerBoost)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }，

[PCMAX_L,f,c not boosted]
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX( 0 + ΔPPowerBoost +∆MPRc, A-MPR+ ΔPPowerBoost)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }，
[PCMAX_L,f,c not boosted]
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(0+∆MPRc, A-MPR+ ΔPPowerBoost)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }，

[PCMAX_L,f,c not boosted]


3. Conclusion
Observation1：In the premise that UE indicates support for UE capability [powerBoostRel18] and the RB allocation belongs to ‘the inner region but is outside the enhanced power inner region’, when A-MPR is smaller than (MPR+∆MPRc), there will be double ΔPPowerBoost in ‘MPR+∆MPRc’ part.
Proposal1: When A-MPR takes effect, PCMAX_L,f,c should be pulled back to the original level before powerboost. 
Observation2: When A-MPR is smaller than MPR+∆MPRc, it should be divided into two different cases: (A-MPR+ ΔPPowerBoost ≤MPR+∆MPRc) and (MPR+∆MPRc <A-MPR+ ΔPPowerBoost).
Proposal2: If (A-MPR+ΔPPowerBoost>MPR+∆MPRc), there should be ΔPPowerBoost added after MAX(MPR+∆MPRc, A-MPR), otherwise after powerboost the output power will be higher than the orginal output power limited by A-MPR.
Proposal3: When no A-MPR is defined, it can be merged into the case of : A-MPR< MPR+∆MPRc.
Proposal4: When A-MPR is higher than MPR+∆MPRc, there should also be ΔPPowerBoost added after MAX(MPR+∆MPRc, A-MPR) to make sure the PCMAX_L,f,c can be pulled back to the original level before powerboost. 
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6.2.3 UE additional maximum output power reduction

6.2.3.1 General

Additional emission requirements can be signalled by the network. Each additional emission requirement is
associated with a unique network signalling (NS) value indicated in RRC signalling by an NR frequency band number
of the applicable operating band and an associated value in the field additionalSpectrumEmission. Throughout this
specification, the notion of indication or signalling of an NS value refers to the corresponding indication of an NR

frequency band number of the applicable operating band, the IE field freqBandindicatorNR and an associated value
of additionalSpectrumEmission in the relevant RRC information elements [7].

To meet the additional requirements, additional maximum power reduction (A-MPR) is allowed for the maximum
output power as specified in Table 6.2.1-1. Unless stated otherwise, the total reduction to UE maximum output
power is max(MPR, A-MPR) where MPR is defined in clause 6.2.2. Outer and inner allocation notation used in
clause 6.2.3 is defined in clause 6.2.2. Unless stated otherwise, Edge RB allocations get the same AMPR as Outer
RB allocations. In absence of modulation and waveform types the A-MPR applies to all modulation and waveform
types.

Table 6.2.3.1-1 specifies the additional requirements with their associated network signalling values and the
allowed A-MPR and applicable operating band(s) for each NS value. In case of a power class 3 UE, when IE
powerBoostPi2BPSK _is set to 1, power class 2 A-MPR values apply. In case IE [powerBoostP. el18] or
[powerBoostQPSKRel18] and if A-MPR is smaller than (MPR+AMPR) then MPR is increased by APegye ops Otherwise
A-MPR is increased by APsgyeogg- In case no A-MPR is defined in subclauses below, the A-MPR is defined to be
equivalent 1o APsoepe] The mapping of NR frequency band numbers and values of the
additionalSpectrumEmission to network signalling labels s specified in Table 6.2.3.1-1A.

For almost contiguous allocations in CP-OFDM waveforms in power class 3, the allowed A-MPR defined in clause
6.2.3 is increased by CEIL{ 10 10g10(1 + Nag_can/ Nag_auac), 0-5 } dB, where CEIL{x, 0.5} means x rounding upwards to
closest 0.5dB, Ngg_gzq is the total number of unallocated RBs between allocated RBs and Ngg_syqc is the total number
of allocated RBs, and the parameter Leag is replaced by Ngg_suqc + Na_zzo in specifying the RB allocation regions.
Unless otherwise specified, pi/2 BPSK in following A-MPR tables refers to both variants of pi/2 BPSK referenced in
6.2.2 tables 6.2.2-1.





image2.png
The RB allocation is an Outer RB allocation for all other allocations which are not an Inner RB allocation or Edge RB
allocation. -
When APpowersoost assumes a positive value and the UE supports [powerBoostRel18], an enhanced power inner
allocation region within the inner region is defined so any waveform it contains satisfies the following condition:
RBstartiow+ P1 < RBstart < RBstartpiion - P1
Where P1 = [MIN{12,CEIL(2+Ngg/25)}]
For an RB allocation that belongs to the inner region but is outside the enhanced power inner region, the applicable
MPR from table 6.2.2-x is increased by the value of APpoyerpoost.





