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1 Introduction
In the way forward [1] it is agreed to tighten the LO leakage and IQ image requirements to reduce the A-MPR needed to meet coexistence requirements, and make relevant modification of the requirements in 36.101. These are applicable for all operating bands and should also be used for devising allowed A-MPR. There are methods for reducing A-MPR other than tighter LO and IQ image requirements, but these will imply tighter linearity requirements on the front-end and higher power consumption.

While it may be possible to achieve significantly better LO and IQ image performance than the current minimum requirements of 25 dBc for selected RFIC samples, e.g. better than 30-35 dBc, the minimum requirements should also account for large-scale manufacturing statistics. The requirements should also be guaranteed in high-volume and high-yield production across operating conditions. It may still be possible to tighten the minimum requirements, but a production tolerance is motivated if the intent is that the vast majority of the UE(s) should meet the requirements. 
For the purpose of reducing the A-MPR it is sufficient to tighten the requirements for high power levels as noted in [1]. One could make a further subdivision of the power ranges so that the tighter minimum requirement only apply at the highest power levels for which A-MPR is relevant. Furthermore, if the operating conditions are limited to normal test conditions, it may be possible to adopt tighter conditions for all operating bands. 
2 Restricting the operating conditions
The current LO and IQ image requirements apply for extreme conditions. One way to reduce the A-MPR is to specify tighter LO and IQ image requirements at normal test conditions (NTC), which could allow a large modification of the current requirement. This would also imply that the corresponding A-MPR is verified at NTC. Then a tighter requirement for both the LO and IQ image of the order of 30 dBc (5 dB modification) may be feasible for the highest power levels where A-MPR is relevant, also accounting for large-scale manufacturing tolerances. The changes would then look like the following (TBD used):
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)

	
	Output power >0 dBm
	-25 (extreme)
TBD (normal)

	
	-30 dBm ≤ Output power ≤0 dBm
	-20

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


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 (extreme)
TBD (normal)
	Image frequencies (Notes 2, 3)

	Carrier leakage
	dBc
	-25 (extreme)
TBD (normal)
	Output power > 0 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:

[image: image7.wmf]RB

D

 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.


The A-MPR for the cases that are based on the tighter limits would then only be verified at normal operating conditions. If the modification is moderate (up to 3 dB), on the other hand, it may still be possible to specify the requirement at ETC.
3 The relative importance of the LO and IQ image requirements
The A-MPR devised for a particular coexistence scenario should be based on the minimum requirements of the LO and IQ image. The importance of a tight value for these two parameters is different: the PUCCH zone for over-provisioning is determined by the 3rd order IM product with the IQ image: any 3rd order product with the LO would fall closer to the assigned carrier, outside of the protected band. Instead, the 5th order IM product with the LO may fall in the protected band. However, this means that the minimum requirements on the IQ image and LO should be different from the viewpoint of coexistence with adjacent bands. It may be more relevant to consider a larger modification for the IQ image if the A-MPR is the problem.
We remark that improved LO leakage and IQ image requirements reduce A-MPR primarily for smaller allocations where IM is a problem, the effect at full allocation is more limited. Figure 3.1 shows the difference in A-MPR with 25 dBc and 30 dBc minimum requirements for the LO leakage/IQ image for a 15 MHz carrier and 2 MHz offset to the protected range     (using -50 dBm/6.25kHz).
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Figure 3.1: difference in A-MPR with LO/IQ = 25 dBc and LO/IQ = 3 dBc.
A 28 dBc requirement for the IQ image should be feasible, and it is proposed that a 28 dBc requirement is taken as a working assumption for specifying tentative A-MPR for Band 26. A-MPR profiles can always be changed as part of maintenance if other values are agreed for 36.101. 
4 Proposals for discussion

In discussing tighter requirements for the LO and IQ image the following aspects could be considered:
1. specification of the A-MPR should be based on the minimum requirements (possibly modified) for the LO leakage and IQ image
2. a 28 dBc requirement for the LO and image is used for specifying tentative A-MPR profiles for Band 26, which is sufficient for the first version of the specification
3. tolerances for large-scale production should be considered when specifying tighter requirements

4. the operating conditions could be restricted to NTC with the corresponding A-MPR verified at NTC, particularly if a large (up to 5 dB) modification of the requirements is desired
5. the relative importance of the LO and IQ image requirement is different for specifying A-MPR: a tighter IQ image may be more relevant.
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