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1. Introduction
This contribution discusses the current UE MPR and A-MPR specifications, and how they relate to the LTE releases. It is observed that these specifications are rather inflexible, especially the release independent frequency bands, and making changes due to any reason seems difficult. Lately there has been quite a lot of discussion around these topics in RAN4, and there seems to be a need to change the underlying method of how these specifications are written. This document presents a way forward how RAN4 should address these issues.
2. Discussion 

Motivation
In RAN4#66 (Malta) there was discussion and proposed changes to UE MPR/A-MPR specifications in TS 36.101. The following lists some of the proposals:

1. Reducing excess MPR for multicluster transmissions in both single carrier and intraband contiguous CA configurations [1,2]. 

2. Increasing MPR for some demanding multicluster allocations in single carrier configuration to enable use of high efficiency PAs [3].

3. Modification of the NS_07 related A-MPR table for Band 13 to allow use of the band in Canada with 5 MHz channel bandwidth [4].
4. Modification of the NS_15 related A-MPR table for Band 26 to facilitate easier UE optimization and conformance testing [5].

5. Introduction of the NS_20 value for Band 23 to update the band specification to be in line with latest regulatory requirements [6].

Motivations behind these proposals are different. Proposal 1 would reduce the need for MPR in case of multi-cluster transmission, which would be beneficial from network operation point of view. Proposal 2 would enable the usage of high efficiency PA, which would be beneficial from UE operation/standby time point of view. Proposal 3 would enable B13 terminal usage in Canada, which would increase volumes for band 13 terminals and give cost advantages. Proposal 4 will simplify the A-MPR definition, which makes the development of B26 UE and eNodeB scheduler easier. Proposal 5 will implement the new FCC rules for band 23.
So it is evident that there is a need to be able to change A-MPR definitions after those have been agreed. Usually the A-MPR change has been seen impossible due to legacy UE reasons. Proposals 4 and 5 were agreeable, as no legacy terminals exist. However proposal 3 has been seen troublesome as legacy terminals are widespread. Another thing is that it is good standards setting principle that legacy specifications should be kept stable and only make essential correntions – an optimization of A-MPR is not an essential correction. 
Next we discuss some of the solutions proposed so far to solve this problem.

Previously suggested solutions

Just change the specification [4]. If we forget the legacy aspect for a moment, we can note that just changing the A-MPR associated to a frequency band between LTE releases is problematic, because there is a need to test that the UEs do not use more A-MPR than what is allowed. The test could assume A-MPR tables from the latest LTE release, but in this case A-MPR allowance cannot be lowered since some UEs would fail the test (e.g. at least legacy UEs but could also be new UEs conforming to the previous LTE releases). Also there would be no point in defining a new A-MPR table, which allows less backoff, unless UEs are also tested against the new limits, because a UE can always use less A-MPR than what is allowed. The eNB should also know which A-MPR the UE follows, otherwise scheduling decisions could be negatively affected.
Create a new band (general proposal). In our opinion this proposal creates unnecessary amount of duplication of requirements if only A-MPR is to be changed. Also impacts CA configurations. Does not help updating MPR formulas.
Create a subband [7]. This proposal hasn’t been studied in RAN4 but in our understanding it would either require new signalling, or would be similar in scope as defining a new band. There would be impact also to CA configurations. Updating the MPR formulas would not be any easier.
Proposal

As discussed earlier the possibility to chage A-MPR/MPR definitions would have many benefits. Therefore we propose the following, which was originally mentioned in [8]:
Proposal 1: Introduce versioning of MPR/A-MPR specifications into TS 36.101 in Rel-12, and inform RAN2 about the need to define corresponding signalling aspects as discussed below.
Device vendor should have a freedom to choose which A-MPR definition the UE complies in order not to force unnecessary redesign for older UE platforms which otherwise would be usable in the case when new A-MPR version is introduced. UE would indicate with a new UE capability which MPR/A-MPR version it follows. No new signalling is needed from network side towards UE.
The annex shows a possible way how to version the MPR/A-MPR specifications in 36.101. No new band numbers or NS values need to be defined to make this change.
In order for the network to get the most benefits of the flexibility it is vital to allow UEs to indicate MPR/A-MPR version support from as early release as possible.

Proposal 2: Introduce support of the UE capability signalling from earlier release than Rel-12.

This way also earlier release UE implementations have a chance to benefit from later MPR/A-MPR specification versions.
Why we are proposing the versioning is that in order to do the test one needs to know which one of the tables the UE follows. There have been some proposals to map the A-MPR table revision to LTE releases because the UE indicates which release it follows. So a straightforward solution might be to just require a UE of a specific LTE release to conform to all MPR/A-MPR specifications of that release.

However this is also problematic. There will be new UE designs also in the future, implementing earlier LTE release specifications, if there is no need to utilize later release functionality. Tying the MPR/A-MPR specifications into a specific LTE release would mean that UEs conforming to previous releases couldn’t use the later release MPR formulas or A-MPR tables, which might benefit them (e.g. to facilitate high efficiency PA use). This solution also delays the adoption of new requirements resulting from e.g. UE technology improvements, or changing regulatory requirements (e.g. Band 13 scenario). New NS values (i.e. different emission requirements) may only be defined for new bands, and existing ones cannot be updated at all once UE development is underway.

Way forward on MPR topics
Further, if proposal 1 can be agreed, we suggest revisiting the MPR/A-MPR change requests proposed in RAN4#66. Some possible ways forward for these topics are listed below.
Possible way forward 1: Adopt Motorola proposal for intra-band contiguous CA multicluster transmission MPR [2] in Rel-12.
This change would reduce excess MPR for many resource allocations without significant computational burden. The following CDF curves show the effect in excess MPR:
[image: image1.png]CDF of excess backoff

©
©

©
o™

e
\‘

o
o

©
n

©
n

©
w

o
[N

Proportion of allocations not exceeding this value

o
a

// // Allocation Ratio |-
y a4 Motorola
/
[/
//
//
I/

Excess backoff (dB)




[image: image2.png]CDF of excess backoff

©
©

©
o™

e
\‘

o
o

©
n

©
n

©
w

o
[N

Proportion of allocations not exceeding this value

o
a

—
rd Allocation Ratio
/ Motorola
//
//
2 3 4 5 6 7

Excess backoff (dB)





Figure 1: CDF of excess MPR with proposal in [2]. Left hand side: all allocations. Right hand side: allocation ratio >10 %.

Possible way forward 2: For single carrier multicluster transmissions, combine Motorola [1] and Qualcomm-Nokia [3] proposals and change Rel-12 specification.
If agreed together with Proposal 2, this combination would facilitate the use of high efficiency PAs also in earlier release UE implementations (increased MPR for very small allocation ratios), while reducing excess MPR for many resource allocations.
Possible way forward 3: For Band 13, the way forward with 5 MHz bandwidth A-MPR is, that if Canadian regulator defines stringent protection limits, 5 MHz A-MPR is added to NS_07 in Rel-12.

This solution would offer all the same benefits as defining a new band or subband in Rel-12, but without impact on CA configurations. If proposal 2 is agreed, also earlier release UEs can implement the 5 MHz A-MPR if necessary.

3. Conclusions

In this document we presented the problems related to MPR and A-MPR specifications, especially related to different LTE releases and release independent frequency band specifications. Based on the discussion we propose:
Proposal 1: Introduce versioning of MPR/A-MPR specifications into TS 36.101 in Rel-12, and inform RAN2 about the need to define corresponding signalling aspects.
Proposal 2: Introduce support of the UE capability signalling from earlier release than Rel-12.
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Annex A

Example 1:
How to make revision for A-MPR definitions

Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR)

	Network Signalling value
	Requirements (subclause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks (NRB)
	A-MPR (dB)
	Version

	NS_01
	6.6.2.1.1
	Table 5.5-1
	1.4, 3, 5, 10, 15, 20
	Table 5.6-1
	NA
	

	NS_03
	6.6.2.2.1
	2, 4,10, 23, 25, 35, 36
	3
	>5 
	≤ 1
	

	
	
	
	5
	>6
	≤ 1
	

	
	
	
	10
	>6
	≤ 1
	

	
	
	
	15
	>8
	≤ 1
	

	
	
	
	20
	>10
	≤ 1
	

	NS_04
	6.6.2.2.2
	41
	5
	>6
	≤ 1
	

	
	
	
	10, 15, 20
	Table 6.2.4-4
	

	NS_05
	6.6.3.3.1
	1
	10,15,20
	≥ 50
	≤ 1
	

	NS_06
	6.6.2.2.3
	12, 13, 14, 17
	1.4, 3, 5, 10
	Table 5.6-1
	n/a
	

	NS_07
	6.6.2.2.3

6.6.3.3.2
	13
	10
	Table 6.2.4-2
	Table 6.2.4-2
	1

	
	
	13
	5, 10
	Table 6.2.4-2a
	Table 6.2.4-2a
	2

	NS_08
	6.6.3.3.3
	19
	10, 15
	> 44
	≤ 3
	

	NS_09
	6.6.3.3.4
	21
	10, 15
	> 40
	≤ 1
	

	
	
	
	
	> 55
	≤ 2
	

	NS_10
	
	20
	15, 20
	Table 6.2.4-3
	Table 6.2.4-3
	

	NS_11
	6.6.2.2.1
	23
	1.4, 3, 5, 10, 15, 20
	Table 6.2.4-5
	Table 6.2.4-5
	

	..
	
	
	
	
	
	

	NS_20
	6.2.2
6.6.2.2.1
6.6.3.2
	23
	5, 10, 15, 20
	Table 6.2.4-6
	Table 6.2.4-6
	

	..
	
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-
	


Table 6.2.4-2: A-MPR for “NS_07”

	 Parameters
	Region A
	Region B
	Region C

	RBstart
	0 - 12
	13 – 18
	19 – 42
	43 – 49

	LCRB [RBs]
	6-8
	1 to 5 and 9-50
	≥8
	≥18
	≤2

	 A-MPR [dB]
	≤ 8
	≤ 12
	≤ 12
	≤ 6
	≤ 3

	NOTE 1;
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2;

LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

NOTE 4;
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.


Table 6.2.4-2a: A-MPR for “NS_07” version 2
	Channel BW
	 Parameters
	Region A
	Region B
	Region C

	5 MHz
	RBstart
	
	
	

	
	LCRB [RBs]
	
	
	

	
	 A-MPR [dB]
	
	
	

	10 MHz
	RBstart
	0 - 12
	13 – 18
	19 – 42
	43 – 49
	

	
	LCRB [RBs]
	6-8
	1 to 5 and 9-50
	≥8
	≥18
	≤2

	
	 A-MPR [dB]
	≤ 8
	≤ 12
	≤ 12
	≤ 6
	≤ 3

	NOTE 1;
RBstart indicates the lowest RB index of transmitted resource blocks

NOTE 2;

LCRB is the length of a contiguous resource block allocation

NOTE 3:
For intra-subframe frequency hopping between two regions, notes 1 and 2 apply on a per slot basis.

NOTE 4;
For intra-subframe frequency hopping between two regions, the larger A-MPR value of the two regions may be applied for both slots in the subframe.


Example 2: MPR formula revisions
6.2.3A
UE Maximum Output power for modulation / channel bandwidth for CA
For inter-band carrier aggregation with uplink assigned to one E-UTRA band (Table 5.6A-1), the requirements in subclause 6.2.3 apply.

For intra-band contiguous carrier aggregation the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1due to higher order modulation and contiguously aggregated transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3A-1. In case the modulation format is different on different component carriers then the MPR is determined by the rules applied to higher order of those modulations.
Table 6.2.3A-1: Maximum Power Reduction (MPR) for Power Class 3

	Modulation
	CA bandwidth Class C
	MPR (dB)

	
	50 RB + 100 RB
	75 RB + 75 RB
	75 RB+100 RB
	100 RB + 100 RB
	

	QPSK
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 1

	QPSK
	> 50
	> 75
	> 75
	> 100
	≤ 2

	16 QAM
	≤ 12
	≤ 16
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 12 and ≤ 50
	> 16 and ≤ 75
	> 16 and ≤ 75
	> 18 and ≤ 100
	≤ 2

	16 QAM
	> 50
	> 75
	> 75
	> 100
	≤ 3



For intra-band contiguous carrier aggregation bandwidth class C the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2A-1 due to multi-cluster transmission is specified as follows 

MPR = CEIL {MA, 0.5}

Where MA is defined as follows 

MA = 8.2; 0 ≤ A < 0.025


9.2 - 40A; 0.025 ≤ A < 0.05


8 – 16A; 0.05 ≤ A < 0.25
(6.2.3A.1)

4.83 – 3.33A; 0.25  ≤ A ≤ 0.4,


3.83 – 0.83A; 0.4  ≤ A ≤ 1,
Or 

MA = 8.2; 0 ≤ A < 0.025


9.2 - 40A; 0.025 ≤ A < 0.05


8 – 16A; 0.05 ≤ A < 0.25
(6.2.3A.2)

4.83 – 3.33A; 0.25  ≤ A ≤ 0.4,


3.83 – 0.83A; 0.4  ≤ A ≤ 1,
Where 


A = NRB_alloc / NRB_agg.


CEIL{MA, 0.5} means rounding upwards to closest 0.5dB, i.e. MPR∈[3.0, 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5]
For the UE maximum output power modified by MPR, the power limits specified in subclause 6.2.5A apply.

