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1 Introduction

Currently a number of requirements define the UE behaviour with respect to allowed power reduction and applicable tolerance. In this document we consider the impact of power reduction, power tolerance, PCMAX tolerance and Power report headroom (PHR) in terms of alignment.  

Taking into account some of the open issues highlighted in this document, we propose that some of the existing requirement may need to be tightened to achieve better system performance and regulatory conformance.  A text proposal is provided in this document and an attached CR in R4- 091798
2 Open issues

This document reviews the current requirements with respect to; 

· Allowed tolerance due to ΔTC
· MPR due to modulation and RB allocation
· A-MPR to meet signalled NS emission requirements
· PCMAX Taking into account MPR, A-MPR and ΔTC
· Power control requirements in TS36.213
· Power Report Headroom (PHR) in TS 36.133

In the following sections we look at the impact of allowed ∑MPR, Power Reporting Headroom and PCMAX tolerance in terms of the measured conducted power


2.1
∑MPR

In WCDMA MPR provides an allowed power reduction to address ALCR requirements based on a single SEM profile.  In LTE, the concept of MPR and A-MPR is extended to address; ACLR, multiple SEM profiles and emission limit for different co-existence scenarios. This difference in LTE requirement implies that the UE behaviour may need to be more explicitly defined since some of the requirements are regulatory and in other cases non regulatory and used to ensure good co-existence performance

For UE power class 3 the nominal transmit power is 23 dBm ± 2dB for a specified transmit configuration. Using this baseline, the allowed ∑MPR could be relaxed to account for the following;

a) a)ΔTC due to edge of operating band (some bands only)n- clause 6.2.2

     ≤ [1.5] dB

b) MPR due to modulation and channel bandwidth (ACLR) –clause 6.2.3            
     ≤ 2.0 dB

c) A-MPR to met SEM regulatory requirements (NS_01 to NS_06) – clause 6.2.4
     ≤  1.0 dB

d) A-MPR to met non regulatory emission co-existence targets (e.g. NS_07)
      ≤[12]dB

               

Since MPR is defined as an allowed power,  we note the actual measured transmit power for a power class 3 terminal could range from +23 dBm +2 dB (25 dBm) to -4.5 dB (18.5 dBm) if we only consider a), b) and c). 

If we consider ΔTC as a special case applicable for some bands and then only to the edge of an operating RB(s) the maximum allowed ∑MPR is ≤3dB based on b) and c). We also note this value of ∑MPR ≤3dB is used as the bases to address the various mandatory regulatory requirements defined in the specification 

We have not included d) in the above ∑MPR summation since NS_07 is a target emission requirement and not a regulatory requirement. In this case NS_07 may need to be considered as a separately entity to meet this target requirement for co-existence.  We expect similar deployment scenario (Band 13, 6, 33 etc) or for UL/DL co-existence where the regulator requirements are at a much lower baseline then would be needed (i.e. ∑MPR >3dB to meet realistic emission targets for co-existence.  Such scenarios are usually based on probability mechanism (how close are the two terminals, sensitivity tx power, etc) and hence can be addressed by the network to provide the desired co-existence CDF target. 

Therefore we propose to consider the case of two MPR scenarios; ∑MPR ≤3dB from a regulatory perspective and ∑MPR >3dB in terms of non-regulatory emission target Based on these two scenarios the specification parameters can be defined in terms of applicable tolerance. 


2.2
Configured transmit power (PCMAX)
PCMAX is the UE estimated maximum transmitted output power. The actual Tx power or measured Tx power would be bounded by the tolerance specified in the PCMAX tolerance table. In TS36.101 the following mapping is defined for ∑MPR ≤ 3dB in Table 6.2.5-1
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Figure 2.2-1; PCMAX = 3 dBm

Some observations of the above requirements can be made;

· For an allowed MPR of 3dB, PCMAX can range for 23 dBm (no MPR / A-MPR needed) to 20 dBm (taking in account the allowed maximum available MPR) 
· For this range of PCMAX  the allowed conducted power is  25 dBm (23 dBm + 2dB) to 16.5 dBm (20 dBm – 3.5 dB)
· Since MPR ≤ 3 dB is needed for regulatory approval it may be necessary to show conformance by having the UE report its estimated PCMAX value and then ensure the measured conducted power is within the specified tolerance and also the emission mask is defined in the specification is met. 

In WCDMA the maximum allowed MPR is similar i.e. ≤3.5dB.  For this range of MPR a ±2dB tolerance is allowed for any reduction in transmit power for both normal and extreme conditions. Currently for LTE, the tolerance ranges from ±2dB to ±3.5dB for normal conditions only. Requirements for extreme conditions are TBD.  
It is proposed we should consider the WCDMA approach for LTE in defining the allowed tolerance for MPR ≤ 3dB. This would mean tighten of the current specifications and would have the benefits of reducing the allowed measured conducted power tolerance.  Since the UE would need to meet the associated regulatory requirements anyhow, this tighter tolerance would need to be implemented 
For ∑MPR value >3dB, it is necessary to take a different approach since it is extremely difficult to maintain the same tighter tolerance (±2dB) over the large dynamic range.  We note in this case there are no mandatory regulatory requirements and hence some flexibility is available in supporting this wider tolerance (> ±2dB) depending on the PCMAX value specified. Hence, In this case the network can account for the larger tolerance in a deployed scenario using a combination of PHR reporting and grant messages from the eNodeB to set the required CDF operating point to meet the emission target. This is shown in the following example in figure 2.1-2 in the case when a MPR of 12dB is specified in the specification.  Here the network could set the PCMAX value to ensure the conducted power (taking into account the maximum tolerance) would not exceed 11dBm values
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Figure 2.2-1 requirements which impact the measured Transmit conducted power
In this example to show conformance to the specification;

· The UE can be tested using a system simulator to ensure the UE can meet the specified emission target (-60 dBm/6.25 KHz) for 11dBm transmitted power level which corresponds to 12 dB MPR. 

· For deployment the network can choose to set the PCMAX to 11dBm assuming a uniform tolerance distribution or PCMAX to 4dBm to ensure the 11dBm conducted power is never exceeded

2.3
Power headroom 

The requirements for Power headroom are defined TS36.213 in terms of expected UE behaviour and power headroom for both PUSCH and PUCCH transmissions This is shown below; 
5.1.1.1
UE behaviour

The setting of the UE Transmit power
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 for the physical uplink shared channel (PUSCH) transmission in subframe i is defined by
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5.1.2.1
UE behaviour

The setting of the UE Transmit power
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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5.1.1.2
Power headroom

The UE power headroom
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 valid for subframe i is defined by 
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where, 
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 are defined in section 5.1.1.1. 

The power headroom shall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered by the physical layer to higher layers. 

The requirements for Power headroom are defined in TS36.213 in terms of expected UE behaviour and power headroom for both PUSCH and PUCCH transmissions.  This is shown below; 

[image: image15.emf]9 .1.8   Power Headroom   The power headroom (PH), expressed in dB, is defined as the difference between the nominal UE maximum  transmit power and the estimated power for PUSCH transmission according to section 5.1.1.1 in TS 36.213.     9.1.8.1   Period   The reported   power headroom  shall be estimated over 1 subframe. The power headroom shall be estimated  only in a subframe where PUSCH is transmitted.     9.1.8.2   Reporting Delay   The power headroom reporting delay is defined as the time between the  beginning  of the power h eadroom  reference  period and the time when the UE starts transmitting the power headroom over the radio interface.   The reporting delay of the  power headroom  shall be 0 ms , which is  applicable for all configured triggering  mechanisms for power headroom repo rting.     9.1.8. 3   Void     9.1.8.4   Report Mapping   The power headroom reporting range is from  - 23 ...+40 dB. Table 9.1.8.4 - 1 defines the report mapping.     Table 9.1.8.4 - 1: Power headroom report mapping   Reported value  Measured quantity value (dB)   POWER_HEADROOM_0  - 23    PH     - 22   POWER_HEADROOM_1  - 22    PH     - 21   POWER_HEADROOM_ 2  - 2 1     PH     - 2 0   POWER_HEADROOM_ 3  - 2 0     PH     - 19      POWER_HEADROOM_62  39    PH    40   POWER_HEADROOM_63  PH ≥ 40     


Additional the reporting criteria for Power headroom is defined in TS36.331 in terms of;
a) Timers that trigger PHR

· prohibitPHR-TimerTimer (10 to 1000 subframes)

· This timer has to expire and UE path loss has to change by PathLossChangeDL to trigger a PHR report

· periodicPHR-Timer (10 to 500 subframes or inf to disable)

b) UE reports PHR if

· one of the above timers are triggered and

· UE has UL resources allocated for new transmission for this TTI and the allocated UL resources can accommodate a PHR MAC control element as a result of logical channel prioritization
Some general observations of the above requirements for PHR based on the above specifications;

a) PCMAX  is dependant on MPR used or implemented by the UE

b) PHR is based on the power computed (or estimated) by the UE and not the actual power transmitted by the UE. 

c) The actual Tx power or measured Tx power would be bounded by the tolerance specified in the PCMAX  tolerance table
d) PHR is only specified for PUSCH transmissions and not for PUCCH transmission although there seems no reason why this cannot be expended to PUCCH

e) Using estimated power allows 0 ms reporting delay for PHR as described in TS36.133 section 9.1.8.2.

In this case we note, although the network can account for the larger tolerance in a deployed scenario using a combination of PHR reporting and grant messages from the eNodeB, this mechanism is more suitable to define a target requirement based on a CDF operating point rather than a fixed regulatory requirement (i.e. ∑MPR ≤ 3 dB) 

3.
Proposal
Taking into account the issues identified in section 2.2 we suggest for MPR ≤ 3dB the tolerance is maintained as ± 2 dB for both normal and extreme conditions. This tighter tolerance is needed to ensure the SEM is maintained for all values of MPR defined in table 6.2.3-1 and for A_MPR ≤ 1 dB defined in table 6.2.4-1 (which is needed to meet regulatory requirement). To ensure a non–overlapping tolerance the tolerance for PCMAX are also tightened for 19 dBm and 18 dBm. The revised PCMAX table is shown in Figure 3.1 below
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Figure 3-1; Revised PCMAX table and associated tolerance mapping

Since the relaxation in tolerance is defined with respect to the maximum transmit power (23dBm ±2 dB) then the tolerance already account for both extreme conditions and it is not necessary to define an additional tolerance increase. Hence it is proposed to remove the additional tolerance for extreme temperature  

To provide some additional clarification of the PCMAX requirements, the proposed definition of PUMAX is also modified to indicate that PUMAX  is the UE transmit power for the specified transmit bandwidth configuration for the UE power class defined in section 6.2.2 and taking into account the allowed MPR defined in section 6.2.3 and the allowed A-MPR defined in section 6.2.4 . In this case, is not necessary to specify ΔTC   since this is already included in the table in section 6.2.2

Additionally since MPR and A-MPR is an allowed normative requirement then whenever a MPR value is indicated this should be specified as ≤ [x] dB to indicate this is an allowed requirement This approach is used in other areas of the specification for MPR and A-MPR. Hence we propose this ≤ is added to Table 6.2-4-2: A-MPR for “NS07”

We also propose changing the header for section 6.2.2 to UE power class instead of UE maximum output power to correctly reflect the requirement in this section if this editorial change is acceptable for REL8- however we do not have a strong view on this non editorial change and hence it is proposed as a suggestion pending the view of RAN4
----------------------------- Text proposal --------------------------------------------

6.2
Transmit power

6.2.1
Void

6.2.2
 UE Power Class
The following UE Power Classes define the maximum output power. The power is the broadband transmit power of the UE, i.e. the power in the channel bandwidth (clause 5.2) of the radio access mode. The period of measurement shall be at least one sub frame (1ms).
Table 6.2.2-1: UE Power Class

	E-UTRA Band
	Class 1
(dBm)
	Tolerance

(dB)
	Class 2
(dBm)
	Tolerance

(dB)
	Class 3
(dBm)
	Tolerance

(dB)
	Corner 

frequency ΔTC

(MHz)
	Class 4

(dBm)
	Tolerance

(dB)

	1
	
	
	
	
	23
	(2
	[3]
	
	

	2
	
	
	
	
	23
	(2
	[3]
	
	

	3
	
	
	
	
	23
	(2
	[3]
	
	

	4
	
	
	
	
	23
	(2
	[3]
	
	

	5
	
	
	
	
	23
	(2
	[3]
	
	

	6
	
	
	
	
	23
	(2
	[3]
	
	

	7
	
	
	
	
	23
	(2
	[3]
	
	

	8
	
	
	
	
	23
	(2
	[3]
	
	

	9
	
	
	
	
	23
	(2
	[3]
	
	

	10
	
	
	
	
	23
	(2
	[3]
	
	

	11
	
	
	
	
	23
	(2
	[3]
	
	

	12
	
	
	
	
	23
	(2
	[3]
	
	

	13
	
	
	
	
	23
	(2
	[3]
	
	

	14
	
	
	
	
	23
	(2
	[3]
	
	

	...
	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	23
	(2
	[3]
	
	

	...
	
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	(2
	[3]
	
	

	34
	
	
	
	
	23
	(2
	[3]
	
	

	35
	
	
	
	
	23
	(2
	[3]
	
	

	36
	
	
	
	
	23
	(2
	[3]
	
	

	37
	
	
	
	
	23
	(2
	[3]
	
	

	38
	
	
	
	
	23
	(2
	[3]
	
	

	39
	
	
	
	
	23
	(2
	[3]
	
	

	40
	
	
	
	
	23
	(2
	[3]
	
	

	Note 

1.
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support  5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS
2.
When a transmission configuration is confined within FUL_low and FUL_low + ΔTC or FUL_high – ΔTC and FUL_high, the maximum power accuracy is relaxed by reducing the lower limit by [1.5] dB.




6.2.3
UE Maximum Output power for modulation / channel bandwidth 
For UE Power Class 3, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2-1due to higher order modulation and transmit bandwidth configuration (resource blocks) is specified in Table 6.2.3-1.
Table 6.2.3-1:  Maximum Power Reduction (MPR) for Power Class 3

	Modulation
	Channel bandwidth / Transmission bandwidth configuration (RB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


6.2.4
UE Maximum Output Power with additional requirements 

Additional ACLR and spectrum emission requirements can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario. To meet these additional requirements the concept of Additional Maximum Power Reduction A-MPR is introduced for the output power in Table 6.2.2-1. Unless stated otherwise, an A-MPR of 0 dB shall be used.

For UE Power Class 3 the specific requirements and identified sub-clauses are specified in Table 6.2.4-1 along with the allowed A-MPR values that may be used to meet these requirements. The allowed A-MPR values specified below in Table 6.2.4.-1 and 6.2.4-2 are in addition to the allowed MPR requirements specified in clause 6.2.3.
Table 6.2.4-1: Additional Maximum Power Reduction (A-MPR) / Spectrum Emission requirements
	Network Signalling value
	Requirements (sub-clause)
	E-UTRA Band
	Channel bandwidth (MHz)
	Resources Blocks
	A-MPR (dB)

	NS_01
	-
	-
	-
	
	

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

	
	6.6.2.2.1
	2, 4,10, 35,36
	5
	>6
	≤ 1

	
	6.6.2.2.1
	2, 4,10, 35,36
	10
	>6
	≤ 1

	
	6.6.2.2.1
	2, 4,10,35,36
	15
	>8
	≤ 1

	
	6.6.2.2.1
	2, 4,10,35, 36
	20
	>10
	≤ 1

	NS_04
	6.6.2.2.2
	TBD
	TBD
	TBD
	

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

	NS_06
	6.6.2.2.3
	12, 13, 14, 17
	1.4, 3, 5, 10
	n/a
	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

	..
	
	
	
	
	

	NS_32
	-
	-
	-
	-
	-

	


Table 6.2.4-2: A-MPR for “NS07”

	 
	Region A
	Region B
	Region C

	RB_start1
	[0] - [12]
	[13] – [18]
	[19] – [42]
	[43] – [49]

	L_CRB2 [RBs]
	[6-8]
	[1 to 5 and 9-50]
	[≥8]
	[≥18]
	[≤2]

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

	Note

1               RB_start indicates the lowest RB index of transmitted resource blocks

2               L_CRB is the length of a contiguous resource block allocation

  


6.2.5
Configured transmitted Power

PCMAX is the configured UE transmitted power defined as follows; 
PCMAX 
= MIN {PEMAX, PUMAX}
Where

-
PEMAX is the maximum allowed power configured by higher layers and defined in [TS36.331] 

-
PUMAX  is the UE transmit power for the specified transmit bandwidth configuration for the UE power class defined in section 6.2.2 and taking into account the allowed MPR defined in section 6.2.3 and the allowed A-MPR defined in section 6.2.4

The UE shall not exceed PCMAX beyond the tolerances defined in sub-clause 6.2.5-1
Table 6.2.5-1: PCMAX tolerance 

	PCMAX    (dBm)
	Tolerance (dB)

	
	
	

	23
	± 2.0
	

	22
	± 2.0
	

	21
	± 2.0
	

	20
	± 2.0
	

	19
	± 3.0
	

	18
	± 4.0
	

	13 ≤PCMAX < 18
	± 5.0
	

	8 ≤ PCMAX   < 13
	± 6.0
	

	-40 ≤ PCMAX < 8
	± 7.0
	


6.3
Output power dynamics
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9.1.8
Power Headroom


The power headroom (PH), expressed in dB, is defined as the difference between the nominal UE maximum transmit power and the estimated power for PUSCH transmission according to section 5.1.1.1 in TS 36.213.

9.1.8.1
Period


The reported power headroom shall be estimated over 1 subframe. The power headroom shall be estimated only in a subframe where PUSCH is transmitted.

9.1.8.2
Reporting Delay


The power headroom reporting delay is defined as the time between the beginning of the power headroom reference period and the time when the UE starts transmitting the power headroom over the radio interface. The reporting delay of the power headroom shall be 0 ms, which is applicable for all configured triggering mechanisms for power headroom reporting.

9.1.8.3
Void

9.1.8.4
Report Mapping


The power headroom reporting range is from -23 ...+40 dB. Table 9.1.8.4-1 defines the report mapping.

Table 9.1.8.4-1: Power headroom report mapping


		Reported value

		Measured quantity value (dB)



		POWER_HEADROOM_0

		-23 ( PH ( -22



		POWER_HEADROOM_1

		-22 ( PH ( -21



		POWER_HEADROOM_2

		-21 ( PH ( -20



		POWER_HEADROOM_3

		-20 ( PH ( -19



		

		



		POWER_HEADROOM_62

		39 ( PH ( 40



		POWER_HEADROOM_63

		PH ≥ 40 
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