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1. Introduction

Specifications for high power UE devices transmitting up to +33 dBm in Band 14 are currently under development in 3GPP for public safety applications.  One of the goals of this application is to be able to reuse the baseband and RF transceiver integrated circuits developed for class 3 UE devices, but to supplement them with specialized PA and duplexing filters to achieve the necessary performance.  In this contribution, we evaulate this proposition and the necessary conditions to achieve this goal.
2. Discussion

In RAN4 #64, [1] and [2] were provided to present an implementation architecture for the HP UE device.  In both of these contributions, it was proposed that for the sake of simplicity, ecosystem, and availability, it is be desireable to reuse power class 3 baseband and RF IC’s augmented with specialized RF front-end components.  The devices are intended for vehicular mount for public safety applications where size, weight, cost, and power consumption are less critical than for typical battery-operated handheld mobile cellular applications.  
In [1], it is shown that by careful design, it may be possible to fulfill the requirements of a HPUE device by using power class 3 baseband and RF IC’s in conjunction with specialized RF front-end components.  Some risk areas are described and it is concluded that a few constraints must be placed on the LTE chipset as listed below.
· possibility to change the Power Class 3 maximum output power value (+23dBm) to the value applicable for Power Class 1 (for absolute power setting and PHR reporting)

· Need for margin on the transmitter dynamic range

· Good out-of-band spectral performances

In [2], it was discussed that the specialized RF components include large ceramic filters since the conventional SAW duplexers for class 3 cellular applications are not suitable. 

While it is clear that the goal is to be able to reuse class 3 baseband and RF IC’s for this class 1 application, it is not clear that class 3 chipsets as defined by the minimum performance specifications of 36.101 will suffice.  In other words, what [1] states is that, in addition to output power reporting, there is a need for the chipsets to have margin to the minimum performance specifications.  Some chipsets may indeed have margin, especially under typical operating conditions, but it is not guaranteed.  

Furthermore, [2] suggests that emissions requirements can be resolved with very high performance filtering solutions.  Filtering solutions are only meaningful to suppress emissions in their stopbands; that is, filters can only effectively reduce emissions outside of the band of interest.  Furthermore, in spite of the high performance nature of these filters, they are still subject to variation and performance fluctuation due to temperature drift as well as manufacturing tolerance.  Therefore, emissions which are generated in-band or within small offset of the band edge are unmitigated by the filter.  Several examples, not necessarily exhaustive, are discussed below.

In-band emissions

The in-band emissions requirements are by definition located inside of the band where the filter provides no help.  The in-band emission requirements have not yet been defined for the power class 1 UE, but the trend so far in defining the other requirements is to maintain the same absolute level of emissions by imposing tighter requirements on the HPUE device.  If this same approach is applied to the in-band emission requirements, the outcome is that the requirements specified in relative terms would be approximately 10 dB tighter.  For example, it might be suggested that carrier leakage be specified to -35 dBc instead of -25 dBc in order that the same amount of noise is generated by the HPUE as by a power class 3 UE.  However, such a requirement could not be guaranteed to be fulfilled by the baseband and RF chipset.  Given that the in-band emission requirement limits the interference generated within the same band, its intent is to minimize the noise seen at the basestation for other UE uplink allocations in the cell.  The basestation is expected to apply power control to the UE’s go manage cell coverage and intra-cell interference.  This is different from other emissions specifications whose purpose is to protect adjacent networks or UE’s operating in adjacent frequencies.  Thus, in this case, we propose that the in-band emission requirements are not tightened for the HPUE.

ACLR and SEM

ACLR and SEM requirements have been proposed for the HPUE [4],[5].  The aim of these proposals is to maintain the same absolute level of noise in adjacent channels so that to the user in the adjacent band, the HPUE is no more disruptive (except from a blocking perspective, but there are no downlink bands adjacent to Band 14 uplink) than any other Band 14 device.  The noise floor increase is indistiguishable from this device compared to a power class 3 device.  However, the implication of setting the specifications in this manner is that the requirement is tightened for the HPUE device.  The ACLR requirement is proposed to be -38 dB instead of -33 dB.  The SEM requirements, particularly for NS_06, are maintained in absolute dBm terms, in spite of the 10 dB increase in output power. 

Since ACLR and SEM are required to be met both in-band as well as immediately out-of-band, the HPUE filter provides no help. It has therefore been suggested that these requirements can be met by virtue of a specialized, highly linear PA.  However, there is a fundamental limit to how much is achievable by a linear PA since the terminal emissions include contribution from both the PA as well as the transceiver.  For a conventional power class 3 UE, the UTRA ACLR requirement at the terminal is 33 dB.  This is budgeted as 36 dB for the transceiver and 36 dB for the PA.  If the output power at the transceiver is 3 dBm, then the power in the adjacent channel is -33 dBm.  For a class 3 UE, the PA provides a gain of 24 dB and some additional adjacent channel regrowth equivalent to -9 dBm.  Applying the gain of the PA to the transceiver output, the on-channel output power is 27 dBm and the amplified adjacent channel noise from the transceiver is (-33 + 24 = -9 dBm).  The additional regrowth from the PA effectively adds -9 dBm, so the total adjacent channel noise becomes -6 dBm.  Compared to the on-channel output power of 27 dBm, this represents an overall ACLR of 33 dB to meet the specification.  We now take this same transceiver and connect it to a PA providing 34 dB of gain with “ideal” linearity so it introduces no spectral regrowth on its own.  Of course, no such PA exists since no matter how linear it is, it will always have 3rd order distortion and introduce ACLR.  Nonetheless, continuing with this idealized PA, the adjacent channel emissions from the transceiver will be +1 dBm when amplified by the PA.  The resulting ACLR is therefore +37 dBm – 1 dBm = 36 dB.  Thus, even with an ideal PA, the ACLR requirement of 38 dB is limited by the transceiver and cannot be met.  An actual PA would perform worse.  A similar argument can be made for the SEM requirement.

We note that this is not a new discovery, but rather a confirmation of an observation in [1].  There, it was shown that the SEM requirement might not be met for the high power UE.  In order to meet the requirement, it is necessary that the LTE chipset have margin to the minimum performance specification.  Such margin may not necessarily exist over production quantities of a commercial chipset solution.  Therefore, we observe that a chipset conforming to the minimum performance specifications for power class 3 operation in 36.101 is not guaranteed to be able to meet requirements for power class 1 operation.
 PSNB protection

As a third example, emissions are required to be controlled to -35dBm/6.25 kHz in the range 799 – 805 MHz.  This comes from an FCC requirement that attenuation should be at least 65 + 10 log (P) dB for the mobile device operating in D and F blocks.  With only 1 MHz guard separating the edge of Band 14 from 799 MHz and without the provision for A-MPR power backoff, it is not likely that this requirement can be met over worst case conditions.  At 1 MHz offset, the duplexing filter will not provide attenuation and even with a highly linear PA, the emissions will be dictated and lower bounded by the contribution from the RF IC.  As a rough approximation, following a similar analysis as above for UTRA ACLR1, and accounting for the measurement bandwidth of 6.25 kHz compared to 3.84 MHz and the post-PA loss of approximately 3 dB, the power in 6.25 kHz is +1dBm – 28dB – 3dB = -30 dBm.  This represents a 5dB failure without even taking the PA non-linearity into account.   
GPS protection

Protection of in-device GPS reception is not mandated in the UE specifications, however, it is an important consideration for practical devices, particularly those to be used for public safety.  It is well-known that the 2nd harmonic of the uplink from transmissions in the 700 MHz bands can interfere with GPS reception, with Band 14 being worse than Band 13.  Already, with a power class 3 UE, significant desense of the GPS receiver can occur when the Band 14 device is transmitting due to blocking as well as spectral regrowth of the 2nd harmonic term falling in-band into the GPS receiver.  It was described in [3] that in some cases, the desense can be 3 dB or higher.  With the HPUE, the maximum transmit power is 10 dB higher, so it is expected that the problem is much more severe.  While the HPUE device has the benefit that it can use a more linear front-end, a large filter, and high antenna isolation for externally mounted antennas in a vehicular application, there are other paths by which the Band 14 transmission can leak into the GPS receiver.  Leakage can occur at the output of the PA, for example, before the filter has an opportunity to suppress a second harmonic component.  It is our recommendation that the interference issues between the HPUE operating in Band 14 and GPS reception be carefully studied.  Assumptions that are taken, for example filter capability and antenna isolation, should be carefully documented.

3. Conclusion
In this contribution, we have evaluated the ability of a baseband and RFIC chipset designed for power class 3 operation to meet the more stringent requirements for power class 1.  In spite of the use of highly linear PA’s, large filters, and other specialized, high performance RF front-end devices due to less stringent requirements on size, weight, cost, and power consumption for this application, it was found that there are performance characteristics inherent in the power class 3 chipset which may ultimately limit the overall performance of the device.  A few exemplary examples were provided where it was shown that a chipset which conforms to the requirements for power class 3 may not be able to meet the minimum performance requirements set forth for power class 3 in Band 14.  These include in-band emission requirements, ACLR, SEM, and public safety protection.  We also note that while not specified in 3GPP, the interference from a power class 1 Band 14 device into a GPS receiver either on the same device or in a nearby device may compromise GPS performance.
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6
B14 HPUE transmitter characteristics 

6.1
General
The LTE specification for HPUE Class 1 (vehicular mobile form factor) is expected to follow the general methodology in 3GPP TS36.101 for a Class 3 (handheld form factor) as closely as possible except where variations are warranted.  

So that we can address these requirements we focus on a possible UE architecture in order to analyse the potential RF requirements. In order to minimize implementation complexity and utilise the Power Class 3 eco-system it is proposed that changes to the baseband IC and RF IC should be minimized and only changes to the discrete RF combining front end elements are considered. This follows the same approach as the single band LTE devices concept that is used to support multi-band operation where the complexity of multi band support is addressed in the RF combining front end. 
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Table 6.6.3.2-1: Requirements
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12 The emissions measurement shall be sufficiently power averaged to ensure a standard deviation < 0.5 dB

14 These requirements also apply for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.
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Figure 6-1; B14 RF architecture IC and RF IC for Power Class 1 and 3

The alignment of implementation assumptions for the RF combining front end would be similar to the methodology and components as used for the LTE base station. 

The reason for this difference is that a conventional miniature Class 3 SAW handset duplexer filter cannot be used for the HPUE as they will not support the higher power rating/linearity or achieve the necessary filter attenuation and isolation between Tx and Rx ports due to the increase in Tx power from +23dBm to [+33] dBm for a class 1 vehicular terminal.  
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Figure 6-2; Typical B14 duplex filter for Power Class 1 (Ceramic) and Power Class 3 (SAW)
For the transmitter the key parameters which are affected by the increase in transmitter power are the RF spectrum emissions and associated tighter filtering requirements.  To support this level of transmit power [+33dBm] and required linearity, larger (e.g. 42mm x 19mm x 10mm) ceramic or cavity filters will need to be used which have a different level of performance than the typical miniature low power SAW filters used for Power Class 3 terminals. In this case it should also be noted that the normal goals of a class 3 device in terms of size weight and battery are not key driver for vehicular deployment
In [12], it is shown that by careful design, it may be possible to fulfill the requirements of a HPUE device by using power class 3 baseband and RF IC’s in conjunction with specialized RF front-end components.  Some risk areas are described and it is concluded that a few constraints must be placed on the LTE chipset as listed below.

· possibility to change the Power Class 3 maximum output power value (+23dBm) to the value applicable for Power Class 1 (for absolute power setting and PHR reporting)

· Need for margin on the transmitter dynamic range

· Good out-of-band spectral performances

Above, it was discussed that the specialized RF components include large ceramic filters since the conventional SAW duplexers for class 3 cellular applications are not suitable. 

While it is clear that the goal is to be able to reuse class 3 baseband and RF IC’s for this class 1 application, it is not clear that class 3 chipsets as defined by the minimum performance specifications of 36.101 will suffice.  In other words, what [12] states is that, in addition to output power reporting, there is a need for the chipsets to have margin to the minimum performance specifications.  Some chipsets may indeed have margin, especially under typical operating conditions, but it is not guaranteed.  

Furthermore, the above discussion suggests that emissions requirements can be resolved with very high performance filtering solutions.  Filtering solutions are only meaningful to suppress emissions in their stopbands; that is, filters can only effectively reduce emissions outside of the band of interest.  Furthermore, in spite of the high performance nature of these filters, they are still subject to variation and performance fluctuation due to temperature drift as well as manufacturing tolerance.  Therefore, emissions which are generated in-band or within small offset of the band edge are unmitigated by the filter.  

We observe that a chipset conforming to the minimum performance specifications for power class 3 operation in 36.101 is not guaranteed to be able to meet requirements for power class 1 operation.
<< Unchanged sections omitted >>

6.6.2
Out of band emission
The Out of band emissions are unwanted emissions immediately outside the assigned channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and an Adjacent Channel Leakage power Ratio.
6.6.2.1
Spectrum emission mask

The general spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ( edge of the assigned E-UTRA channel bandwidth. For frequencies greater than (ΔfOOB) as specified in Table 6.6.2.1.1-1 the spurious requirements in subclause 6.6.3 are applicable.
It is proposed to maintain the existing requirements for both Power Class 1 and Power Class 3 when NS_06 is signalled with an A-MPR of O dB. This represents tighter requirement for a Power Class 1 device
Since SEM is required to be met both in-band as well as immediately out-of-band, the HPUE filter provides no help. It has therefore been suggested that these requirements can be met by virtue of a specialized, highly linear PA.  However, there is a fundamental limit to how much is achievable by a linear PA since the terminal emissions include contribution from both the PA as well as the transceiver.  The tighter may not be met by chipsets designed for power class 3 operation.  We note that a similar observation was made in [12].  There, it was shown that the SEM requirement might not be met for the high power UE.  In order to meet the requirement, it is necessary that the LTE chipset have margin to the minimum performance specification.  Such margin may not necessarily exist over production quantities of a commercial chipset solution.  We observe that a chipset conforming to the minimum performance specifications for power class 3 operation in 36.101 is not guaranteed to be able to meet requirements for power class 1 operation.
<< Unchanged sections omitted >>

6.6.2.3
Adjacent Channel Leakage Ratio 

Adjacent Channel Leakage power Ratio (ACLR) 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. ACLR requirements are specified for two scenarios for an adjacent E -UTRA and /or UTRA channel as shown in Figure 6.6.2.3 -1.
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Figure 6.6.2.3-1: Adjacent Channel Leakage requirements

6.6.2.3.1
Minimum requirement E-UTRA 

It is proposed that this E-UTRAACLR1 requirements is specified as a new table in TS36.101 for Power Class 1 and this tighter requirement shall be applicable for >23dBm as shown belowTable 6.6.2.3.1-2: General requirements for E-UTRAACLR   for Power Class 1

	
	Channel bandwidth / E-UTRAACLR1   / Measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	E-UTRAACLR1
	
	
	[tbd] dB 
	[tbd] dB
	
	

	E-UTRA channel Measurement bandwidth
	
	
	4.5 MHz
	9.0 MHz
	
	

	Adjacent channel centre frequency offset [MHz]
	
	
	+5

/

-5
	+10

/

-10
	
	

	NOTE 1; E-UTRAACLR1 shall be applicable for >23dBm


Since ACLR is required to be met both in-band as well as immediately out-of-band, the HPUE filter provides no help. It has therefore been suggested that these requirements can be met by virtue of a specialized, highly linear PA.  However, there is a fundamental limit to how much is achievable by a linear PA since the terminal emissions include contribution from both the PA as well as the transceiver.  For a conventional power class 3 UE, the UTRA ACLR requirement at the terminal is 33 dB.  This is budgeted as 36 dB for the transceiver and 36 dB for the PA.  If the output power at the transceiver is 3 dBm, then the power in the adjacent channel is -33 dBm.  For a class 3 UE, the PA provides a gain of 24 dB and some additional adjacent channel regrowth equivalent to -9 dBm.  Applying the gain of the PA to the transceiver output, the on-channel output power is 27 dBm and the amplified adjacent channel noise from the transceiver is (-33 + 24 = -9 dBm).  The additional regrowth from the PA effectively adds -9 dBm, so the total adjacent channel noise becomes -6 dBm.  Compared to the on-channel output power of 27 dBm, this represents an overall ACLR of 33 dB to meet the specification.  We now take this same transceiver and connect it to a PA providing 34 dB of gain with “ideal” linearity so it introduces no spectral regrowth on its own.  Of course, no such PA exists since no matter how linear it is, it will always have 3rd order distortion and introduce ACLR.  Nonetheless, continuing with this idealized PA, the adjacent channel emissions from the transceiver will be +1 dBm when amplified by the PA.  The resulting ACLR is therefore +37 dBm – 1 dBm = 36 dB.  Thus, even with an ideal PA, the ACLR requirement of 38 dB is limited by the transceiver and cannot be met.  An actual PA would perform worse.  Therefore, we observe that a chipset conforming to the minimum performance specifications for power class 3 operation in 36.101 is not guaranteed to be able to meet requirements for power class 1 operation.
<< Unchanged sections omitted >>

6.6.3.2
Spurious emission band UE co-existence

This clause specifies the requirements for the specified E-UTRA band, for coexistence with protected bands. The applicable requirements for a B14 Power Class 3 devices is as follows
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If the same requirements are applicable for the HPUE, this results in a tighter implementation requirement for a Power Class 1 terminal compared to a Power Class 3 terminal due to the higher transmit power 

Proposal to set HPUE Power Class 1 to be the same as Power Class 3 which represents a tighter requirements for a Power Class 1 device
As indicate above, emissions are required to be controlled to -35dBm/6.25 kHz in the range 799 – 805 MHz.  This comes from an FCC requirement that attenuation should be at least 65 + 10 log (P) dB for the mobile device operating in D and F blocks.  With only 1 MHz guard separating the edge of Band 14 from 799 MHz and without the provision for A-MPR power backoff, it is not likely that this requirement can be met over worst case conditions.  At 1 MHz offset, the duplexing filter will not provide attenuation and even with a highly linear PA, the emissions will be dictated and lower bounded by the contribution from the RF IC.  As a rough approximation, following a similar analysis as above for UTRA ACLR1, and accounting for the measurement bandwidth of 6.25 kHz compared to 3.84 MHz and the post-PA loss of approximately 3 dB, the power in 6.25 kHz is +1dBm – 28dB – 3dB = -30 dBm.  This represents a 5dB failure without even taking the PA non-linearity into account.   

6.6.3.3 GPS protection
Protection of in-device GPS reception is not mandated in the UE specifications, however, it is an important consideration for practical devices, particularly those to be used for public safety.  It is well-known that the 2nd harmonic of the uplink from transmissions in the 700 MHz bands can interfere with GPS reception, with Band 14 being worse than Band 13.  Already, with a power class 3 UE, significant desense of the GPS receiver can occur when the Band 14 device is transmitting due to blocking as well as spectral regrowth of the 2nd harmonic term falling in-band into the GPS receiver.  It has been described that in some cases, the desense can be 3 dB or higher.  With the HPUE, the maximum transmit power is 10 dB higher, so it is expected that the problem is much more severe.  While the HPUE device has the benefit that it can use a more linear front-end, a large filter, and high antenna isolation for externally mounted antennas in a vehicular application, there are other paths by which the Band 14 transmission can leak into the GPS receiver.  Leakage can occur at the output of the PA, for example, before the filter has an opportunity to suppress a second harmonic component.  
The proposal is that the interference issues between the HPUE operating in Band 14 and GPS reception be carefully studied.  Assumptions that are taken, for example filter capability and antenna isolation, should be carefully documented.

<< Start of changes for Appendix A >>

6
Transmitter characteristics

6.1
General

Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single or multiple transmit antenna(s). For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed.
6.2
Transmit power

6.2.1
Void

6.2.2
UE maximum output power
The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth for non CA configuration and UL-MIMO unless otherwise stated. The period of measurement shall be at least one sub frame (1ms).

Table 6.2.2-1: UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	1
	
	
	
	
	23
	±2
	
	

	2
	
	
	
	
	23
	±2[2]
	
	

	3
	
	
	
	
	23
	±22
	
	

	4
	
	
	
	
	23
	±2
	
	

	5
	
	
	
	
	23
	±2
	
	

	6
	
	
	
	
	23
	±2
	
	

	7
	
	
	
	
	23
	±22
	
	

	8
	
	
	
	
	23
	±22
	
	

	9
	
	
	
	
	23
	±2
	
	

	10
	
	
	
	
	23
	±2
	
	

	11
	
	
	
	
	23
	±2
	
	

	12
	
	
	
	
	23
	±22
	
	

	13
	
	
	
	
	23
	±2
	
	

	14
	[33]6
	[±2]
	
	
	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	23
	±2
	
	

	18
	
	
	
	
	23
	±25
	
	

	19
	
	
	
	
	23
	±2
	
	

	20
	
	
	
	
	23
	±22
	
	

	21
	
	
	
	
	23
	±2
	
	

	22
	
	
	
	
	23
	+2/-3.52
	
	

	23
	
	
	
	
	23
	±2
	
	

	24
	
	
	
	
	23
	±2
	
	

	25
	
	
	
	
	23
	±22
	
	

	26
	
	
	
	
	23
	±22
	
	

	27
	
	
	
	
	23
	±22
	
	

	28
	
	
	
	
	23
	+2/-2.5
	
	

	…
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	±2
	
	

	34
	
	
	
	
	23
	±2
	
	

	35
	
	
	
	
	23
	±2
	
	

	36
	
	
	
	
	23
	±2
	
	

	37
	
	
	
	
	23
	±2
	
	

	38
	
	
	
	
	23
	±2
	
	

	39
	
	
	
	
	23
	±2
	
	

	40
	
	
	
	
	23
	±2
	
	

	41
	
	
	
	
	23
	±22
	
	

	42
	
	
	
	
	23
	+2/-3
	
	

	43
	
	
	
	
	23
	+2/-3
	
	

	44
	
	
	
	
	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

NOTE 2:
2 refers to the transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

NOTE 3:
For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.

NOTE 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance 

NOTE 5:
For a UE that supports both Band 18 and Band 26, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB for transmission bandwidths confined within 815 MHz and 818 MHz
NOTE 6:   A baseband and RF chipset designed for UE power class 3 operation is not guaranteed to be able to meet the minimum performance requirements for power class 1. 


<< End of Text Proposal >>
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14 These requirements also apply for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.

Note

14

E-UTRA   

Band

Spurious emission 

Frequency range (MHz)

_1404570289.xls
+33 dBm review

				TGPP TS36.101				Comment

				Clause

				5		Operating bands and channel arrangement

				5.5		Operating bands		applicable to B14 - linked discussion on D and F block be allocared to PSBB

				5.6		Channel bandwidth

				5.6.1		Channel bandwidths per operating band

				5.7		Channel arrangement

				5.7.1		Channel spacing

				5.7.2		Channel raster

				5.7.3		Carrier frequency and EARFCN

				5.7.4		TX–RX frequency separation

				6		Transmitter characteristics

				6.2		Transmit power

						6.2.2		UE Maximum Output Power		+33dBm, consider +27 dBm to reduce complexity and specificaiton changes

						6.2.3		UE Maximum Output power for mod/ Channel BW		Do we utlize the allowed MPR for larger RB allocation

						6.2.4		UE Maximum Output Power with add.requirements		May need A-MPR table on 3rd IMD to meet emisson and co-existance

						6.2.5		Configured transmitted Power		Increase in increase dynamic range for reporting range and accuracy

				6.3		Output power dynamics

						6.3.2		Minimum output power		+33 dBm; PA noise may be considered

						6.3.3		Transmit OFF power		+33 dBm; PA noise may be considered

						6.3.4		ON/OFF time mask

								6.3.4.1		General ON/OFF time mask		+33dBm; 20us switching time and AM splatter needs to be considered

								6.3.4.2		PRACH and SRS time mask		+33dBm; 20us switching time and AM splatter needs to be considered

								6.3.4.2.1		PRACH time mask		+33dBm; 20us switching time and AM splatter needs to be considered

								6.3.4.2.2		SRS time mask		+33dBm; 20us switching time and AM splatter needs to be considered

								6.3.4.3		Slot / Sub frame boundary time mask		+33dBm; 20us switching time and AM splatter needs to be considered

								6.3.4.4		PUCCH / PUSCH / SRS time mask		+33dBm; 20us switching time and AM splatter needs to be considered

						6.3.5		Power Control

								6.3.5.1		Absolute Power Tolerance		Increase in dynamic range to maintain tolerance

								6.3.5.2		Relative Power tolerance		Increase in dynamic range to maintain tolerance

				6.5		Transmit signal quality

						6.5.1		Frequency error

						6.5.2		Transmit modulation quality		10 dB larger dynamic range

								6.5.2.1		Error Vector Magnitude		SNR needs to be considered at lower

								6.5.2.2		Carrier leakage		impact 3RD IMD performance (-35dBm/6.25KHz)

								6.5.2.3		In-band emissions		Linked to tighter ALCR - will need tighter specification

								6.5.2.4		EVM equalizer spectrum flatness		Additional RF filtering will impact this - also may need inter-stage filters

				6.6		Output RF spectrum emissions		More difficult to meet this absolute requirement especially first 1MHz

						6.6.1		Occupied bandwidth

						6.6.2		Out of band emission

								6.6.2.1		Spectrum emission mask		Tigher requirement

								6.6.2.2		Additional Spectrum Emission Mask

								6.6.2.2.1		(network signalled value "NS_03")

								6.6.2.2.2		(network signalled value "NS_04")

								6.6.2.2.3		(network signalled value "NS_06" or “NS_07”)

								6.6.2.3		Adjacent Channel Leakage Ratio

								6.6.2.3.1		Minimum requirement E-UTRA		10 dB tighter requirements needed  linked to IMD, EVM etc

								6.6.2.3.2		Minimum requirements UTRA

								6.6.2.4		Additional ACLR requirements

						6.6.3		Spurious emissions		-36dBm/100KHz needs to be address for harmonics

								6.6.3.2		Spurious emission band UE co-existence		10 dB tighter requirement also GPS issue due to hamonics

								6.6.3.3		Additional spurious emissions

								6.6.3.3.1		(network signalled value "NS_05")

								6.6.3.3.2		(network signalled value “NS_07”)

								6.6.3.3.3		(network signalled value “NS_08”)

								6.6.3.3.4		(network signalled value “NS_[09]”)

				6.7		Transmit intermodulation		10 dB tighter requirement impact flatness and insertion loss

				7		Receiver characteristics

				7.1		General

				7.2		Diversity characteristics

				7.3		Reference sensitivity power level		Self desense due to increase in PA noise. IP2 issues also

						7.3.2		Requirement for large transmission configurations

				7.4		Maximum input level		Peformance need to be maintained with 10 dB higher Tx leakage

				7.5		Adjacent Channel Selectivity (ACS)		Peformance need to be maintained with 10 dB higher Tx leakage

						7.5.1		Minimum requirements		Peformance need to be maintained with 10 dB higher Tx leakage

				7.6		Blocking characteristics		Peformance need to be maintained with 10 dB higher Tx leakage

						7.6.1		In-band blocking		Peformance need to be maintained with 10 dB higher Tx leakage

						7.6.2		Out-of-band blocking		Peformance need to be maintained with 10 dB higher Tx leakage

						7.6.2.1		Minimum requirements		Peformance need to be maintained with 10 dB higher Tx leakage

				7.6.3		Narrow band blocking		Peformance need to be maintained with 10 dB higher Tx leakage

				7.7		Spurious response		Peformance need to be maintained with 10 dB higher Tx leakage

				7.8		Intermodulation characteristics		Peformance need to be maintained with 10 dB higher Tx leakage

						7.8.1		Wide band intermodulation		Peformance need to be maintained with 10 dB higher Tx leakage

				7.9		Spurious emissions
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				4		General

						4.1		Relationship between minimum requirements and test requirements

						4.2		Applicability of minimum requirements

						4.3		Uplink 64-QAM modulation format

						4.4		RF requirements in later releases

						5		Operating bands and channel arrangement

						5.1		General

						5.2		Void

						5.3		Void

						5.4		Void

						5.5		Operating bands

						5.6		Channel bandwidth

								5.6.1		Channel bandwidths per operating band

						5.7		Channel arrangement

								5.7.1		Channel spacing

								5.7.2		Channel raster

								5.7.3		Carrier frequency and EARFCN

								5.7.4		TX–RX frequency separation

				6		Transmitter characteristics

						6.1		General

						6.2		Transmit power

								Void

								6.2.2		UE Maximum Output Power				not specified; +33dBm, consider +27 dBm to reduce complexity and specificaiton changes ?

								6.2.3		UE Maximum Output power for mod. / ch. bandwidth				Do we continue to utlize the allowed MPR for larger RB allocation even for <23dBm ?

								6.2.4		UE Maximum Output Power with additional requirements				Problem if we need a  A-MPR table on 3rd IMD to meet emisson and co-existance

								6.2.5		Configured transmitted Power				Not

						6.3		Output power dynamics

								(Void)

								6.3.2		Minimum output power				+33 dBm; PA noise may be considered

								6.3.2.1		Minimum requirement				+33 dBm; PA noise may be considered

								6.3.3		Transmit OFF power				+33 dBm; PA noise may be considered

								6.3.3.1.		Minimum requirement

								6.3.4		ON/OFF time mask

										6.3.4.1		General ON/OFF time mask		+33dBm; 20us switching time and AM splatter needs to be considered

										6.3.4.2		PRACH and SRS time mask		+33dBm; 20us switching time and AM splatter needs to be considered

										6.3.4.2.1		PRACH time mask		+33dBm; 20us switching time and AM splatter needs to be considered

										6.3.4.2.2		SRS time mask		+33dBm; 20us switching time and AM splatter needs to be considered

										6.3.4.3		Slot / Sub frame boundary time mask		+33dBm; 20us switching time and AM splatter needs to be considered

										6.3.4.4		PUCCH / PUSCH / SRS time mask		+33dBm; 20us switching time and AM splatter needs to be considered

								6.3.5		Power Control

										6.3.5.1		Absolute Power Tolerance		Increase in dynamic range to maintain tolerance

										6.3.5.1.1		Minimum requirements		Increase in dynamic range to maintain tolerance

										6.3.5.2		Relative Power tolerance		Increase in dynamic range to maintain tolerance impacts BB look up table

										6.3.5.3		Aggregate power control tolerance

						6.3.5.3.1		Minimum requirement

						6.4		Void

						6.5		Transmit signal quality

								6.5.1		Frequency error

								6.5.2		Transmit modulation quality				10 dB larger dynamic range

										6.5.2.1		Error Vector Magnitude		SNR needs to be considered at lower

										6.5.2.1.1		Minimum requirement		impact 3RD IMD performance (-35dBm/6.25KHz)

										6.5.2.2		Carrier leakage		impact 3RD IMD performance (-35dBm/6.25KHz)

										6.5.2.2.1		Minimum requirements		Additional RF filtering will impact this - also may need inter-stage filters

										6.5.2.3		In-band emissions		Linked to tighter ALCR - will need tighter specification

										6.5.2.3.1		Minimum requirements

										6.5.2.4		EVM equalizer spectrum flatness		Additional RF filtering will impact this - also may need inter-stage filters

						6.5.2.4.1		Minimum requirements

						6.6		Output RF spectrum emissions

								6.6.1		Occupied bandwidth

								6.6.2		Out of band emission

										6.6.2.1		Spectrum emission mask		Tigher requirement

										6.6.2.1.1		Minimum requirement

										6.6.2.2		Additional Spectrum Emission Mask

										6.6.2.2.1		Minimum requirement (network signalled value "NS_03")

										6.6.2.2.2		Minimum requirement (network signalled value "NS_04")

										6.6.2.2.3		Minimum requirement (network signalled value "NS_06" or “NS_07”)

										6.6.2.3		Adjacent Channel Leakage Ratio		10 dB tighter requirements needed  linked to IMD, EVM etc

										6.6.2.3.1		Minimum requirement E-UTRA

										6.6.2.3.2		Minimum requirements UTRA

										6.6.2.4		Additional ACLR requirements

								Void

								6.6.3		Spurious emissions

										6.6.3.2		Spurious emission band UE co-existence		10 dB tighter requirement also GPS issue due to hamonics

										6.6.3.3		Additional spurious emissions

						6.6.3.3.1		Minimum requirement (network signalled value "NS_05")

						6.6.3.3.2		Minimum requirement (network signalled value “NS_07”)

						6.7		Transmit intermodulation

						6.7.1		Minimum requirement

				7		Receiver characteristics

						7.1		General

						7.2		Diversity characteristics

						7.3		Reference sensitivity power level

								7.3.1		Minimum requirements (QPSK)				Peformance need to be maintained with 10 dB higher Tx leakage

								7.3.2		Requirement for large transmission configurations

						7.4		Maximum input level

								7.4.1		Minimum requirements				Peformance need to be maintained with 10 dB higher Tx leakage

						7.5		Adjacent Channel Selectivity (ACS)

								7.5.1		Minimum requirements				Peformance need to be maintained with 10 dB higher Tx leakage

						7.6		Blocking characteristics

								7.6.1		In-band blocking				Peformance need to be maintained with 10 dB higher Tx leakage

										7.6.1.1		Minimum requirements		Peformance need to be maintained with 10 dB higher Tx leakage

								7.6.2		Out-of-band blocking				Peformance need to be maintained with 10 dB higher Tx leakage

										7.6.2.1		Minimum requirements		Peformance need to be maintained with 10 dB higher Tx leakage

								7.6.3		Narrow band blocking				Peformance need to be maintained with 10 dB higher Tx leakage

										7.6.3.1		Minimum requirements

						7.7		Spurious response

								7.7.1		Minimum requirements

						7.8		Intermodulation characteristics

								7.8.1		Wide band intermodulation

										7.8.1.1		Minimum requirements

						7.9		Spurious emissions

								7.9.1		Minimum requirements
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						Table 6.6.3.2-1: Requirements

						E-UTRA   Band		Spurious emission

								Protected band		Frequency range (MHz)						Maximum Level (dBm)		MBW (MHz)		Comment

						14		E-UTRA Band  2, 4, 5, 10, 12, 13, 14, 17		FDL_low		-		FDL_high		-50		1

								Frequency range		769		-		775		-35		0.00625

								Frequency range		799		-		805		-35		0.00625

						Note

						11 Whether the applicable frequency range should be 793-805MHz instead of 799-805MHz is TBD

						12 The emissions measurement shall be sufficiently power averaged to ensure a standard deviation < 0.5 dB

						14 These requirements also apply for the frequency ranges that are less than ΔfOOB (MHz) in Table 6.6.3.1-1 from the edge of the channel bandwidth.






