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1. Introduction

A way forward was agreed in [1] to consider tightening the LO leakage and IQ image requirements in the UE specification.  In this contribution, we provide a proposal in accordance with this way forward.
2. Discussion

The way forward [1] consists of three elements that are copied verbatim here
1. Motivation:  Reduce the A-MPR required to meet coexistence emission limits

2. Agree to tighten LO leakage and I/Q image requirement incorporate the into relevant section of TS 36.101

a) Should be specific to the requirement based on the frequency range (e.g., higher than 1GHz and lower 1GHz)

b) Should be applied to high output powers where coexistence and A-MPR are relevant

c) Should take into account waveform characteristics which may prevent LO tightening

3. CR into relevant section of TS 36.101 to be agreed in RAN4#62.  And, the requirement for Rel-11.

We address each one of these elements point-by-point to form a proposal for LO and IQ tightening.
The first point addresses the motivation for this exercise.  The motivation is explicit: to reduce the A-MPR required in order to meet coexistence emission limits.  The operator has little to no interest in what the specific LO and IQ performance of the UE is, so long as the A-MPR and emission targets are met.  Of course, A-MPR is a function of many variables certainly to include LO and IQ, but others as well.  In general, LO and IQ tightening is most effective for single RB uplink allocations when the band to be protected is within approximately one channel bandwidth away from the uplink channel.  In other cases, the A-MPR is dominated by spectral regrowth or other factors and LO and IQ tightening will not provide significant benefit.  Moreover, the specifications should be written in such a way as to not limit the implementation flexibility of the UE, except where specifically necessary.  Therefore, it may be sensible to impose a moderate tightening of the LO and IQ under specific circumstances as stated in the motivation.  

Proposal 1:  LO and IQ image tightening for the purpose of A-MPR reduction to meet coexistence requirements should only be imposed for those bands where it has been identified that tightened LO and IQ can indeed reduce A-MPR.

The second point is multi-faceted.  It is noted that LO and IQ has a frequency dependence and that the value of LO and IQ can vary depending on the frequency range of the band.  It is suggested for example to consider bands below 1 GHz.

Proposal 2:  Tighten LO and IQ image requirements to -28 dBc for bands below 1 GHz where necessary (see proposal 1).

Furthermore, the second point recognizes that A-MPR is only applied at or near maximum output power.  An examination of the current A-MPR values for bands below 1 GHz indicates that the maximum A-MPR applied is 12 dB as shown in Table 1 below.  Thus, the power range of applicability for LO and IQ tightening should be the highest approximately 12 dB in output power level and is generally more applicable (except for a few cases) within the topmost 3 dB of the power range.
Table 1.  Maximum A-MPR values allowed to meet coexistence conditions below 1 GHz.

	NS value
	Applicable band
	Maximum A-MPR

	NS_07
	13
	≤ 12 dB

	NS_08
	19
	≤ 3 dB

	NS_10
	20
	≤ 5 dB

	NS_12
	26
	≤ 6 dB

	NS_13
	26
	≤ 3 dB

	NS_14
	26
	≤ 3 dB

	NS_15
	26
	≤ 9 dB


Proposal 3:  Tightened LO and IQ image requirements only apply at power levels above +10 dBm.
The last part of point 3 indicates that LO tightening may not be possible depending on waveform characteristics.  Depending on the source of the LO leakage term, whether it originates at baseband as a DC term or at RF as a carrier feedthrough component, the mechanism to tighten is different after the obvious measures have already been exhausted.  For example, if the LO originates in the RF section due to carrier feedthrough, its level will be largely constant irrespective of the digital baseband signal.  Therefore, if the digital baseband signal is attenuated, the LO leakage contribution will be relatively larger and it becomes difficult if not impossible to reduce the LO leakage.  Given finite dynamic range in the digital-to-analog conversion circuitry, in the baseband filter, and in the input stages to the mixer, the baseband signal cannot be simply increased in amplitude to compensate.  In fact, in many cases, the baseband signal must be attenuated, for example to account for the increased headroom necessary to accommodate higher peak-to-average-power ratio (PAPR) waveforms.  These higher PAPR waveforms include the non-contiguous uplink waveforms, intraband carrier aggregation uplink waveforms, etc.  Additionally, beyond the PAPR waveforms, there may be other reasons to attenuate the baseband amplitude as well, such as to reduce other baseband harmonic terms which can generate spurious products.  Challenging counterIM requirements are one such example.
Proposal 4:  It may not be possible to tighten LO and IQ for high PAPR signals or when there are other tight baseband spurious requirements.  LO and IQ tightening should not be assumed to be always feasible or desirable.
The last point is that the LO and IQ tightening should be captured in the UE RF specification for Release 11 and beyond.  Of course, working assumptions used to derive A-MPR tables in prior releases are still valid for the prior release, but not as an explicit requirement on LO and IQ.
Proposal 5:  Tightened LO and IQ requirements only apply to Release 11 and beyond.  There is no release-independence for this specification.  Tightened LO and IQ requirements will only apply to bands defined in Release 11 and beyond.

The necessary change to the specification is shown below.
6.5.2.2

Carrier leakage

Carrier leakage (The IQ origin offset) is an additive sinusoid waveform that has the same frequency as the modulated waveform carrier frequency. The measurement interval is one slot in the time domain.
6.5.2.2.1

Minimum requirements

The relative carrier leakage power is a power ratio of the additive sinusoid waveform and the modulated waveform. The relative carrier leakage power shall not exceed the values specified in Table 6.5.2.2.1-1.
Table 6.5.2.2.1-1: Minimum requirements for relative carrier leakage power
	
	Parameters
	Relative limit (dBc)
	Note

	
	Output power > 10 dBm
	-25
	1

	
	
	-28
	2

	
	0 dBm < Output power ≤ 10 dBm
	-25
	

	
	-30 dBm ≤ Output power ≤ 0 dBm
	-20
	

	
	-40 dBm ( Output power < -30 dBm
	-10
	

	NOTE 1:  Applicable to bands other than Band 13 and Band 26.

NOTE 2:  Applicable to Band 13 and Band 26.


6.5.2.3

In-band emissions

The in-band emission is defined as the average across 12 sub-carrier and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB. 

The basic in-band emissions measurement interval is defined over one slot in the time domain. When the PUSCH or PUCCH transmission slot is shortened due to multiplexing with SRS, the in-band emissions measurement interval is reduced by one SC-FDMA symbol, accordingly.
6.5.2.3.1

Minimum requirements

The relative in-band emission shall not exceed the values specified in Table 6.5.2.3.1-1.

Table 6.5.2.3.1-1: Minimum requirements for in-band emissions

	Parameter description
	Unit
	Limit (Note 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 2)

	IQ Image
	dB
	-25
	Image frequencies (Notes 2, 3,11)

	
	
	-28
	Image frequencies (Notes 2, 3,12)

	Carrier leakage
	dBc
	-25
	Output power  > 10 dBm
	Carrier frequency (Notes 4, 5, 11)


	
	
	-28
	Output power > 10 dBm
	Carrier frequency (Notes 4, 5, 12)

	
	
	-25
	0 dBm < Output power ≤ 10 dBm
	Carrier frequency (Notes 4, 5)

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10
	-40 dBm ( Output power < -30 dBm
	

	
	
	
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB - 30 dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in Note 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of the allocated bandwidth, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs.

NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. 

NOTE 6:
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is the Transmission Bandwidth (see Figure 5.6-1). 

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
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 is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. 
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 for the first adjacent RB outside of the allocated bandwidth. 

NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.
NOTE 11:  Applicable to bands other than Band 13 and Band 26.

NOTE 12:  Applicable to Band 13 and Band 26.


3. Conclusion

We have addressed the topic of LO leakage and IQ image specification tightening in accordance with the previously agreed way forward in [1].  Following the agreed way forward point-by-point, we have the following proposals
Proposal 1:  LO and IQ image tightening for the purpose of A-MPR reduction to meet coexistence requirements should only be imposed for those bands where it has been identified that tightened LO and IQ can indeed reduce A-MPR.

Proposal 2:  Tighten LO and IQ image requirements to -28 dBc for bands below 1 GHz where necessary (see proposal 1).

Proposal 3:  Tightened LO and IQ image requirements only apply at power levels above +10 dBm.

Proposal 4:  It may not be possible to tighten LO and IQ for high PAPR signals or when there are other tight baseband spurious requirements.  LO and IQ tightening should not be assumed to be always feasible or desirable.

Proposal 5:  Tightened LO and IQ requirements only apply to Release 11 and beyond.  There is no release-independence for this specification.  Tightened LO and IQ requirements will only apply to bands defined in Release 11 and beyond.
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