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1 Introduction
In [1] we proposed a composite SEM that could be used to address regulatory constraints in terms of OOB for different channel bandwidths. In this contribution we augmented this prior work to develop a cohesive solution to address the many E-UTRA permutations of; maximum transmit power, transmit bandwidth configuration (RB), channel bandwidth, MPR, OOB emissions and spurious emission requirements. This proposal is based on some elements of scalability with the proviso of addressing a composite requirement based on an Additional MPR (A-MPR) which can be used to address a specific regulatory or deployment constraint.
This document provides a discussion of how the mask is derived and simulation results for the proposed mask for the different permutations of resource blocks, channel bandwidths and MPR/A-MPR. 
2.0 Regulatory requirements 

Our starting point was to review the applicable regulatory requirements with respect to the transmission configuration for the different channel bandwidths Fig 2-1 plots some of the applicable regulatory requirements (dBm /100 KHz) ; 
· 3GPP TS25.101 [2]
· OFCOM proposal (under discussion) assuming  0dBi UE antenna gain [2]
· FCC part 24 for US deployment in current Band II spectrum identified in TS25.101 [4]
· FCC part 22 for US deployment in current Band V spectrum identified in TS25.101 [5] 
· FCC part 27 for US deployment in 2500 spectrum  [6] 
Figure 2-1: Regulatory masks
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Some general observations on the Figure 2-1: (regulatory masks)
a) Some of the requirement [1] are designed  to support a single channel bandwidth and would have difficulty in addressing a scalable bandwidth specification and flexible transmission configuration (Resource Blocks) 
b) The UTRA mask was designed to provide an indirect mapping of ACLR1/2 (integration of area under UTRA mask) and hence there is an overlap in terms of requirements.  For E-UTRA we propose that that the SEM masks are only used to address regulatory requirements and that the ALCR is used to address co-existence scenarios This separation of requirements is needed  as ACLR and spectrum mask is a function of RB allocation and a 1:1 correspondence would be difficult to maintain and more importantly would serve no benefit.
c) In the region of 0 - 1 MHz from the edge of the channel, the FCC requirement is a function of the emission bandwidth. 
d) The FCC band 2 requirements at ΔfOOB = 1 MHz (-23 dBm limit) is more stringent than the UTRA mask and would be a limiting factor for larger channel bandwidth systems and would require some form of mitigation. 
e) For larger ΔfOOB (5-10MHz) both the UTRA mask and the OFCOM mask place a tighter requirement than the FCC band 2 requirement and would be a limiting factor for specific RB combinations. However in this ΔfOOB (5-10MHz) region the FCC part 7 (-35 dBm limit) requirements is similar to UTRA. Note FCC.Part  7  requirement extends to 5.5 MHz and is more stringent than UTRA
From the above observations, it seems that there are many overlapping requirements and that a simple solution to support all regulatory requirements would place an artificial requirement on UE implementation 

3.0 E-UTRA spectrum emission 

In TR36.803 for E-UTRA for UE power class 3, the maximum output power has been agreed as [23] dBm +/- [2] dB.  Additionally, the UE would need to meet both ACLR requirements (E-UTRA ACLR1 and UTRAACLR1/2). Therefore based on these requirements we have measured and simulated the spectrum mask at maximum output power.  Where applicable we have e also included the impact of MPR for the following RB allocation as specified in Table 3.0-1 
Table 3.0-1:  Maximum Power Reduction (MPR)

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

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz
	

	QPSK
	> [6]**
	> [6]**
	> [6]**
	> [6]**
	> [8]
	> [16]
	> [24]
	> [32]
	≤ [1]


The number of RB identified in Table 3.0-1 is based on meeting the E-UTRA ACLR1 (30 dB/xxMHz) and UTRAACLR1 (33 dB/3.84MHz) requirements as specified in section 5 (requires MPR reduction due to CM). In which case, simple scaling of the 5 MHz channel requirement in TR36.803 can be used to derive the requirement for 10, 15 and 20 MHz channel bandwidths. Note ** for bandwidth < 5MHz the MPR requirements are FFS but we have assumed a value of [6 RB] for our spectrum analysis in subsequent sections 
In figure 3.0-1 we have plotted the spectrum emission for the 5MHz and 10MHz channel bandwidth for all values of RB up to the nominal transmission bandwidth configuration as shown in Table 3.0-2
Table 3.0-2: Number of resource blocks in an operating system bandwidth
	Channel bandwidth [MHz]
	1.4
	1.6*
	3 
	3.2
	5
	10
	15
	20

	Nominal Transmission bandwidth configuration [Resource Blocks]
	6
	7
	15 
	16
	25
	50
	75
	100


Other channel bandwidths have also been simulated but are not included. 
Figure 3.0-1:  5MHz QPSK spectrum: Power Class 3 
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Figure 3.0-2:  20MHz QPSK spectrum: Power Class 3 
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Some general observations on the E-UTRA spectrum emission; 

a) The spectrum emission scales with number of resources blocks.
b) The emission offset of the 1st RB and subsequent RB change with the different channel bandwidth. This is due to the difference in necessary bandwidth and range from 160 KHz for the 1.4 MHz channel bandwidth to 1 MHz for the 20MHz channel bandwidth.  This affect would be of significant for regulatory requirements in the 0- 1 MHz region (FCC). 
c) Results are plotted for worst case scenario i.e. RB is allocated from edge of channel bandwidth. This worst case assumption is based on a non-intelligent network scheduler. If a scheduler can allocate RB based on spectrum mask, then it possible for mid range RB allocations (25-75) to be scheduled from the centre of the channel bandwidth to minimize the spectrum emission into the adjacent channels. This has a profound impact in addressing some regulatory requirements. So in this case we need to define a mask which can support both a non intelligent scheduler (assuming RB start from channel edge) and an intelligence scheduler (RB start from centre of channel) which could provide better system performance as the MPR/A-MPR could be reduced.  Note; in our analysis we assume a non-intelligent scheduler which is based on worst case (RB start from channel edge)
d) The ΔfOOB boundary between the out of band and spurious emission domain scale with channel bandwidth 

4.0 Proposed E-UTRA OOB mask  
4.1 E-UTRA OOB mask objectives

1. We propose that the spectrum emission mask applies to frequencies (ΔfOOB) starting from the edge of the assigned E-UTRA channel bandwidth. For frequencies greater than (ΔfOOB) for each channel bandwidth the spurious requirements are applicable.  This is shown below in figure 4.0-1

Figure 4.1-1: Transmitter RF spectrum
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2. We propose some element of scalability (at least in the generic case) hence the  ΔfOOB boundary between the out of band and spurious emission domain  will scale with channel bandwidth in line with the following proposed  table 

Table 4.1-1: ΔfOOB (MHz) spurious emission boundary 
	Channel bandwidth 
	1.4 [MHz] 
	1.6 [MHz]
	3 [MHz]
	3.2 [MHz]
	5 [MHz]
	10 [MHz]
	15 [MHz]
	20 [MHz]

	ΔfOOB  (MHz)
	TBD
	TBD
	TBD
	TBD
	[10]
	[15]
	[20]
	[25]


3. The proposed general mask should be based on an absolute value to align with ‘most’’ regulatory requirements and where possible it re-uses existing break-points from current regulatory requirements. In this case the mask should be met for all RB allocations in line with the allowed MPR reduction  as defined in Table 3.0-1 (UE maximum output power / MPR)
4. For those cases where the regulatory requirements are not met with the general mask (OOB and spurious emission) this is addressed in terms of new requirement and will need an additional MPR (A-MPR) which is not the case for the proposed general mask.
5. The additional requirements (A-MPR) should be signaled to the UE by the network as part of the cell handover information so that Additional MPR (A-MPR) can be supported for a particular cell to address a specific regulatory or deployment scenario.  The benefit of signaling the A-MPR is that it can be specified on case by case basis. For example, a “sandwich” deployment in the same operator block would not need an A-MPR requirement compared with a channel assignment next to an adjacent operator where regulatory requirements may be applicable. 
6. The requirements for A-MPR can only be provided with a consequential loss of efficiency and an increase in battery and thermal requirements. Therefore it is important to minimize the A-MPR requirements by specifying a maximum value for A-MPR and also to limit it’s applicability to the appropriate number of transmission bandwidth configurations (RB) and cell deployment scenarios.  
4.2 E-UTRA OOB mask proposal 

The following mask is proposed for E-UTRA which attempt to meet the objectives in the previous clause. 

Figure 4.2-1:  Regulatory mask and proposed E-UTRA masks  
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This is shown in the following table 4.2-1 where it is proposed that the power of any UE emission shall not exceed the levels for the specified channel bandwidth for the general case 
	Table 4.2-1: General E-UTRA spectrum emission mask 

ΔfOOB  (MHz)
	Spectrum emission limit (dBm/100 KHz reference bandwidth  / Channel bandwidth  
	Measurement bandwidth **

	
	1.4    MHz
	1.6    MHz
	3.0       MHz
	3.2 MHz
	5       MHz
	10  MHz
	15     MHz
	20    MHz
	

	0-1
	[TBD]
	[TBD]
	[TBD]
	[TBD]
	[-10] 
	[-13] 
	[-15] 
	[-16] 
	100 kHz 

	1-2.5
	[-20]
	[-20]
	[-20]
	[-20]
	[-20]
	[-20]
	[-20]
	[-20] 
	1 MHz

	2.5-5
	[-35]
	[-35]
	[-20]
	[-20]
	[-20]
	[-20]
	[-20]
	[-20] 
	1 MHz

	5-6
	
	
	[-35]
	[-35]
	[-23]
	[-23]
	[-23]
	[-23]
	1 MHz

	6-10
	
	
	
	
	[-35]
	[-23]
	[-23] 
	[-23] 
	1 MHz

	10-15
	
	
	
	
	
	[-35]
	[-23]
	[-23] 
	1 MHz

	15-20
	
	
	
	
	
	
	[-35]
	[-23]
	1 MHz

	20-25
	
	
	
	
	
	
	
	[-35]
	1 MHz


Some observations on the proposed masks
1) The requirements for FCC Band 2 form the basis for ΔfOOB >5 MHz. 

2) For frequencies ΔfOOB <1MHz we follow the rules of FCC which define the absolute, based on occupied bandwidth in the 0-1MHz region 
3) For requirements greater than the defined ΔfOOB (for each channel bandwidth) the spurious emission limits, as specified in Table 4.1-1, for that channel bandwidth.
4) For 0MHz< ΔfOOB <10MHz we note the mask is more benign than that specified for WCDMA. However, as pointed out previously, the ACLR requirements for E-UTRAACLR1 and UTRAACLR1 (33dB/3.84MHz) will also need to be met and hence the co-existence impact for adjacent WCDMA channel will be unchanged. 
5) Although requirements are based on Power Class, the mask should include some level of implementation margin in order to address the power tolerance and higher power classes (e.g. TDD or nomadic / fixed applications). 
4.3 E-UTRA OOB mask proposal simulation results 

In this section we present results for the different channel bandwidths 
Figure 4.3-1:  1.4MHz and proposed E-UTRA mask
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           Figure 4.3-2:  1.6MHz and proposed E-UTRA mask
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Figure 4.3-3:  3.0 MHz and proposed E-UTRA mask
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Figure 4.3-4:  5 MHz and proposed E-UTRA mask
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Figure 4.3-5:  10MHz and proposed E-UTRA mask
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Figure 4.3-6:  15MHz and proposed E-UTRA mask
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Figure 4.3-7:  20 MHz and proposed E-UTRA mask
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4.4 A-MPR requirements 
It clear that the generic mask proposed in section 4.3 may not support all regulatory and deployment scenarios where additional linearity is required (but with a corresponding increase in increase in thermal rise, a loss of efficiency and battery life). These scenarios most occur at larger RB allocations, but also impact the mid RB range. Currently 3 additional requirements are suggested. These are for spectrum emission mask A (FCC E-UTRA band 2), spectrum emission mask B (FCC band X) and spectrum mask C (10MHz channel need to meet a 5 MHz channel OOB and spurious emission limit). This requirement can be specified in terms of a A-MPR requirement. 
Therefore we propose the following; Additional Maximum Power Reduction (A-MPR) requirements are signaled by the network to address specific deployment scenarios as part of the cell handover message. For UE Power Class 3 the required A-MPR and identified sub-clauses are specified in table 4.4.-1

Table 4.4-1 Additional Maximum Power Reduction (A-MPR) 

	Network Signalling value
	Transmission bandwidth (RB)
	A-MPR (dB)
	Requirement sub clause
	Description   [Informative – refer to requirement sub-clause for band and channel applicability]

	
	
	
	
	Comment
	E-UTRA Band
	Channel bandwidth (MHz)

	A-MPR_01
	-
	0
	*
	No A-MPR
	-
	-

	A-MPR_02
	>[30]
	≤ [3]
	*
	UTRAACLR2bis  value
	1, 6, 9,10,11
	10

	A-MPR_03
	>[5] 
	≤ [1.5]
	*
	FCC requirement
	2, 4,10
	3

	
	>[5]
	≤ [1.5]
	*
	FCC requirement
	2, 4,10
	5

	
	>[7]
	≤ [1.5]
	*
	FCC requirement
	2, 4,10
	10

	
	>[TBD]
	≤ [TBD]
	*
	FCC requirement
	2, 4,10
	15

	
	>[TBD]
	≤ [TBD]
	*
	FCC requirement
	2, 4,10
	20

	A-MPR_04
	>[30]
	≤ [2]
	**
	5MHz channel OOB 
	1,3,7,8
	10

	
	
	
	*
	5 MHz spurious
	
	

	A-MPR_05
	TBD
	TBD
	*
	FCC band 7 requirement
	TBD
	TBD

	A-MPR_06
	>[60] 
	≤ [1]
	*
	PHS Protection
	1
	15

	
	>[60]
	≤ [2]
	*
	PHS Protection
	1
	20

	
	
	
	
	
	
	


Note 

1
* will refer to sub-clause which will define the performance requirement in terms of OOB and spurious emissions for this additional A-MPR requirement. 
2
A-MPR = MAX ([3], 0)
4.4.1
A-MPR_01
This is a default condition that no A-MPR is signalled or implemented in the UE
4.4.2
A-MPR_02A-MPR-02 is specified when a UTRAACLR2bis value of 43 dB/3.84MHz is needed instead of the TR proposal of 36dB/3.84 MHz. From [7] an additional MPR of 2.5- 3dB has been identified
	Channel bandwidth 
	1.4 [MHz] 
	1.6 [MHz]
	3 [MHz]
	3.2 [MHz]
	5 [MHz]
	10 [MHz]
	15 [MHz]
	20 [MHz]

	RB (MPR)
	6
	7
	15
	16
	25
	50
	75
	100

	RB (A-MPR)
	n/a
	n/a
	n/a
	n/a
	n/a
	>[30]
	TBD
	TBD

	 A-MPR (dB)
	-
	-
	-
	-
	-
	 [3]
	TBD
	TBD


Figure 4.4.2-1: 10MHz LTE (Full Resource Block allocation) for UTRAACLR2
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Figure 4.4.2-2: 10MHz LTE (Full Resource Block allocation) with A-MPR for UTRAACLR2bis
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4.4.3
A-MPR_03
A-MPR-03 is needed to meet the FCC -23 dBm requirement at ΔfOOB > 1MHz.
	Channel bandwidth 
	1.4 [MHz] 
	1.6 [MHz]
	3 [MHz]
	3.2 [MHz]
	5 [MHz]
	10 [MHz]
	15 [MHz]
	20 [MHz]

	RB (MPR)
	6
	7
	15
	16
	25
	50
	75
	100

	RB (A-MPR)
	>[6]
	-
	>[5]
	-
	>[5]
	>[7]
	TBD
	TBD

	 A-MPR (dB)
	[0]
	-
	[1.5]
	-
	[1.5]
	 [1.5]
	TBD
	TBD


Note requirements are specified from closest edge of channel and hence A-MPR_03 is a function of operator’s deployment scenario (impact to adjacent operator spectrum block)  
Figure 4.4.2-1:  FCC requirement and E-UTRA emission (MPR only) 
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Figure 4.4.2-2:  FCC requirement and E-UTRA emission (MPR + A-MPR of 1.5dB) 
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4.4.4
A-MPR_04This clause specifies the additional requirements signaled by the network when the nominal transmission bandwidth configuration (50 RB) for a 10 MHz channel bandwidth is required to meet the requirements for a transmission bandwidth configuration (25RB) for a 5 MHz channel bandwidth for E-UTRA band {TBD}. 

	Channel bandwidth 
	1.4 [MHz] 
	1.6 [MHz]
	3 [MHz]
	3.2 [MHz]
	5 [MHz]
	10 [MHz]
	15 [MHz]
	20 [MHz]

	RB (MPR)
	6
	7
	15
	16
	25
	50
	75
	100

	RB (A-MPR)
	-
	-
	-
	-
	-
	>[30]
	-
	-

	 A-MPR (dB)
	-
	-
	-
	-
	-
	 [2]
	-
	-


Figure 4.4.4-1:  E-UTRA emission (MPR)
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Figure 4.4.4-2:  E-UTRA emission (MPR + A-MPR of 2 dB)
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A-MPR_05
This clause specifies the additional or PHS coexistence (1884.5~1919.6MHz) -41dBm/300kHz at 20MHz offset for E-UTRA band 1.  Equivalent to -46dBm/100kHz.  Additional Requirement will only need to be specified for the 15MHz and 20 MHz channel bandwidth (PHS requirement for other channel bandwidth are covered in the general requirement 
	Channel bandwidth 
	1.4 [MHz] 
	1.6 [MHz]
	3 [MHz]
	3.2 [MHz]
	5 [MHz]
	10 [MHz]
	15 [MHz]
	20 [MHz]

	RB (MPR)
	6
	7
	15
	16
	25
	50
	75
	100

	RB (A-MPR)
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	> [60]
	> [60]

	 A-MPR (dB)
	
	
	
	
	
	
	[1]
	[2]


Note requirements are specified from closest edge of channel and can be mitigated by starting from furthest edge 
Figure 4.4.4-1:  PHS requirement and 15 MHz E-UTRA emissions (MPR only)
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Figure 4.4.4-1:  PHS requirement and 15MHz E-UTRA emission (MPR + A-MPR of 1 dB)

Figure 4.4.4-3:  PHS requirement and 20 MHz E-UTRA emission (MPR only)
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Figure 4.4.4-4:  PHS requirement and 20 MHz E-UTRA emission (MPR + A-MPR OF 2dB)
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5.0 ACLR

As mentioned previously For E-UTRA we propose that that the SEM masks are only used to address regulatory requirements and that the ALCR is used to address co-existence scenarios This separation of requirements is needed as ACLR and spectrum mask is a function of RB allocation and a 1:1 correspondence would be difficult to maintain and more importantly would serve no benefit. However in practise we know the ACLR requirement impact the OOB spectrum emission mask as shown in section 4.4.2 (A-MPR_02)

ACLR requirements are specified for two scenarios. E -UTRAACLR   and UTRAACLR1/2 as shown in Figure 5-1. 
Figure 5-1: Adjacent Channel Leakage requirements


5.1
 General requirement for ACLR 

The general requirements are applicable for E-UTRA deployment where the ACLR requirements are defined as E-UTRA Adjacent Channel Leakage power Ratio (E-UTRAACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.  The E-UTRA channel is measured with a [rectangular measurement bandwidth filter.]

Table 5.1-1:  General requirements for E-UTRAACLR
	
	Channel bandwidth  / E-UTRAACLR1   / measurement bandwidth 

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	E-UTRAACLR1
	-30 dB
	-30 dB
	-30 dB
	-30 dB
	-30 dB
	-30 dB
	-30 dB
	-30 dB

	E-UTRA channel Measurement bandwidth
	
	
	
	
	[4.5] MHz
	[9.0] MHz
	[13.5] MHz
	[18]   MHz


5.2
 Additional requirement for ACLR 

Additional ACLR requirements are specified for adjacent UTRA channels where the UTRA Adjacent Channel Leakage power Ratio (UTRAACLR) is the ratio of the filtered mean power centred on the assigned E-UTRA channel frequency to the filtered mean power centred on an adjacent(s) UTRA channel frequency. 

UTRA Adjacent Channel Leakage power Ratio is specified for both the first UTRA 5 MHz adjacent channel (UTRAACLR1) and the 2nd UTRA 5MHz adjacent channel (UTRAACLR2)  .The UTRA channel is measured with a 3.84 MHz RRC bandwidth filter with roll-off factor =0.22.

For some scenarios a 2nd UTRA 5MHz adjacent channel bis requirement (UTRAACLR2bis) is specified where A-MPR_02 as defined in Table 4.4.1is applicable and signalled by the network.

Table 5.2-1: Additional requirements 
	
	Channel bandwidth  / UTRAACLR1/2   / measurement bandwidth

	
	1.4 MHz
	1.6 MHz
	3 MHz
	3.2 MHz
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	UTRAACLR1
	-33 dB
	-33 dB
	-33 dB
	-33 dB
	-33 dB 
	-33 dB
	-33 dB
	-33 dB

	UTRAACLR2
	-
	-
	-
	-
	-36 dB 
	-36 dB
	-36 dB
	-36 dB

	UTRAACLR2bis
	-
	-
	-
	-
	-43 dB 
	-43 dB
	-
	-

	E-UTRA  channel Measurement bandwidth
	
	-
	-
	-
	[4.5] MHz 
	[9.0] MHz 
	[13.5] MHz 
	[18] MHz 

	UTRA channel Measurement bandwidth
	-
	-
	-
	-
	3.84 MHz


	3.84 MHz
	3.84 MHz
	3.84 MHz


6.0 Conclusion 

In this contribution we augmented the prior work [1] to develop a cohesive solution to address the many E-UTRA permutations of; maximum transmit power, transmit bandwidth configuration (RB), channel bandwidth, MPR, ACLR, OOB emissions and spurious emission requirements. This proposal is based on some elements of scalability with the proviso of addressing composite requirements based on Additional MPR (A-MR) requirements which can be used to address a specific regulatory or deployment constraint.

This document provides a discussion of how the mask is derived and simulation results for the proposed mask for different permutation of resource block, channel bandwidth and MPR/A-MPR. This mask is proposed as a starting point for analysis and feedback from other companies and is proposed to be included as part of the text proposal in [8]  
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