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1. Introduction
In the RAN4#66bis meeting, the revision of MPR/A-MPR specifications was proposed [1]. This contribution elaborates the proposal further.
2. Discussion 

Once a feature has been specified in TS 36.101, possible changes to the specification are difficult due to a number of reasons. Instead of changing the specifications, in [1] we proposed that new versions of the relevant parts (MPR/A-MPR) could be introduced. To allow the UE to indicate which version of the MPR/A-MPR specifications it supports, a new UE capability would be defined for each revised part.
The following table lists some of the scenarios that might benefit from the proposed method. Currently for all scenarios, each of the required specification changes would be subject to extensive analysis, e.g. how legacy UEs would behave if the changes were made.
Table 1: Specification revision scenarios and UE handling
	Scenario
	Effect
	Specification changes
	UE handling

	Improved UE performance (e.g. modulator performance)
	Less MPR needed
	Revised MPR formula; new UE capability
	Legacy UEs follow old MPR formula. UEs with the new capability are known to network and can be scheduled with higher spectrum efficiency. The new UE capability could be optional or mandatory for new UE designs.

	Improved UE performance (e.g. modulator performance)
	Less A-MPR needed for adjacent band protection
	Revised A-MPR table; new UE capability
	Legacy UEs follow old A-MPR table. UEs with the new capability are known to network and can be scheduled with higher spectrum efficiency. The new UE capability could be optional or mandatory for new UE designs.

	Controlled relaxation of UE performance
	More MPR needed
	Revised MPR formula; new UE capability
	Legacy UEs follow old MPR formula. UEs with the new capability are known to network and the scheduler can avoid unfavourable resource allocations. The new UE capability could be optional for new UE designs.

	Tightened emission limit, or less guard band to protected frequency
	More A-MPR needed for adjacent band protection
	Revised NS description (emission limit, frequencies); revised A-MPR table; new UE capability 
	Legacy UEs do not meet the emission requirements (could be handled with scheduler restrictions). UEs with the new capability are known to network and can be scheduled without restrictions. The new UE capability could be mandatory for new UE designs. 

	Relaxed emission limit, or more guard band to protected frequency
	Less A-MPR needed for adjacent band protection
	Revised NS description (emission limit, frequencies); revised A-MPR table; new UE capability 
	Legacy UEs meet the emission requirements. UEs with the new capability are known to network, and can be scheduled with higher spectrum efficiency. The new UE capability could be optional for new UE designs.

	New channel bandwidths in A-MPR table
	A-MPR needed also for the new channel bandwidths 
	Revised A-MPR table; new UE capability
	Legacy UEs do not meet the emission requirements with new channel bandwidths (could be handled with scheduler restrictions). UEs with the new capability are known to network and can be scheduled without restrictions. The new UE capability could be mandatory for new UE designs.


Based on the above scenarios and discussion in [1], we propose the following:
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 in most cases have a freedom to choose which MPR/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 MPR/A-MPR version is introduced. UE would indicate with a new UE capability which MPR/A-MPR version it follows. In some scenarios it might be beneficial to make the new UE capability mandatory for new UE designs, and this should be evaluated on a case-by-case basis. 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 an earlier release than Rel-12.

This way also earlier release UE implementations have a chance to benefit from later MPR/A-MPR specification versions.
3. Conclusions

In this document we further elaborated the proposal in RAN4#66bis, originally presented in [1].

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 versioning of MPR/A-MPR definitions
Example 1:
How to make a 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)
	Revision

	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
	

	NS_07
	6.6.2.2.3a
6.6.3.3.2a
	13
	5, 10
	Table 6.2.4-2a
	1

	NS_08
	6.6.3.3.3
	19
	10, 15
	> 44
	≤ 3
	

	...
	
	
	
	
	
	

	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” for UE capability “revision 1”
	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.


6.6.3.3.2 
Minimum requirement (network signalled value “NS_07”)

When “NS_07” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.2-1. This requirement also applies for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.

Table 6.6.3.3.2-1: Additional requirements 

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	10 MHz


	

	769 ≤ f ≤ 775
	-57
	6.25 kHz

	NOTE:
The emissions measurement shall be sufficiently power averaged to ensure standard standard deviation < 0.5 dB.


NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (6.25 kHz).

6.6.3.3.2A 
Minimum requirement (network signalled value “NS_07”) for UE capability “revision 1”
This requirement is for UE(s) that use revised capability for “NS_07”, as indicated in Table 6.2.4-1 by “revision 1”.
When “NS_07” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.3.2-1a. This requirement also applies for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.

Table 6.6.3.3.2-1a: Additional requirements 

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	5 MHz


	10 MHz


	

	769 ≤ f ≤ 776
	-57
	-57
	6.25 kHz

	NOTE:
The emissions measurement shall be sufficiently power averaged to ensure standard standard deviation < 0.5 dB.


NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth (6.25 kHz).

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,
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]
The requirement in formula (6.2.3A.2) is for UE(s) that use revised capability for “intra-band contiguous MPR”. 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.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.

