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1
Introduction
In RANWG4 #51, an Ad-Hoc meeting on DC-HSUPA was held, a summary of which was captured in [1]. The topic of specifying requirements for the transmitter characteristics for a DC-HSUPA UE was mainly discussed in this meeting. A few working assumptions were agreed upon and some items were listed as FFS. In this document, we discuss further a new In-band Emissions requirements test for DC-HSUPA to handle the case when the carrier powers are imbalanced.
2
Agreements from last meeting

Below we paste the relevant portion of the Ad-Hoc meeting minutes [1] with regard to spurious emissions requirements for DC-HSUPA:

Maximum power difference for which requirements would be valid

· agree on a maximum power difference for which requirements would be valid ? 

· feedback from RAN WG1 would be needed in order to conclude on the particular power difference that strikes a reasonable trade-off between system performance and UE implementation complexity

· how to analyze this aspect further for next meeting ?

Points made during discussions:

· RAN4 to provide system analysis on this topic

· analysis of impact on requirements (eg EVM) given certain imbalance

· analysis of impact on UE complexity

Agreed way forward:  

· starting with balanced requirements but ‘imbalanced’ requirements should not be excluded
· provide further inputs for next meeting on these issues
3
Requirement in the presence of carrier power imbalance
Carrier power imbalance at the UE is bound to occur in DC-HSUPA systems for the following reasons:

· Serving E-DCH grants may not be the same in the same carrier. This depends on the MAC-e scheduler policy.

· The uplink load may not be the same on the same carrier. As a result, due to power control, the required DPCCH (pilot) power level to overcome the load in each carrier may differ.

· Due to power headroom limitation, the UE may not be able to fulfil the serving E-DCH grants on both carriers. Hence the E-TFC Selection algorithm at the UE may result in the selection of a different TBS on each carrier and hence a different traffic to pilot power ratio on each carrier.

· Every slot, the UE invokes a power scaling algorithm between the carriers whenever the total transmit power exceeds the maximum power limit.

· HS-DPCCH is only transmitted in the anchor carrier.

It has been shown in [2], based on a detailed simulation study that the carrier power imbalance can range from 4dB to 18dB. As a result, there seems to be a need to specify a UE RF requirement for DC HSUPA in the presence of carrier imbalance.

For quadrature modulators in modern direct conversion transmitters, in the presence of I/Q imbalance, a power imbalance between the adjacent carrier’s results in a residual side band image that appears as an in-band emission. As a result this component can lead to a source of error in the transmitted signal which is a function of the amount of power imbalance between the two carriers. Hence, a test similar to the in-band emissions test in [3] is more appropriate and represents a direct measure of the effect of the residual side band image due to I/Q imbalance. 

In the following we discuss how such a test could apply in the case of DC-HSUPA.
3
In-band Emissions Test Requirement for DC-HSUPA

The topic of In-band emissions in the context of LTE was studied in great detail [6]-[12]. Below is an excerpt of the existing In-band emissions test requirement as specified in 36.101[4].
--------------------------- Cut and paste of Section 6.5.2.3 from 36.101 below ------------------------
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)

	DC
	dBc
	-25
	Output power > 0 dBm
	LO frequency (Notes 4, 5)

	
	
	-20
	-30 dBm ≤ Output power ≤ 0 dBm
	

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

	
	
	
	

	Note 1:
The minimum requirement is calculated from any of the listed requirements, whichever is the highest power.

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.


--------------------------- Cut and paste of Section 6.5.2.3 from 36.101 above ------------------------
Unlike an LTE 10MHz system, DC-HSUPA is inflexible in terms of bandwidth utilization. In other words, a DC-HSUPA UE is allocated serving grants on one or two adjacent 5MHz carriers. As a result, there is no need to introduce a general requirement for in-band emissions in terms of allocated bandwidth, as specified in Table 6.5.2.3.1-1, 36.101 [4]. 
What matters most for DC-HSUPA operation, is the creation of a residual side band (RSB) image, in the presence of I/Q imbalance, and a carrier power imbalance. Hence we could borrow the existing requirement as defined in Table 6.5.2.3.1-1, 36.101 [4] for the Image component, Note that in the LTE system, since the test requirement can separate spectral re-growth from RSB by reducing the bandwidth of the signal, DC-HSUPA does not have the flexibility. Hence, in such a test we would need to also account for spectral re-growth due to the PA non-linearity (ACLR = 33dBc) from the adjacent carrier, in the in-band emissions, instead of an image component = -25dB we propose an additional increase of 1dB in this measurement as proposed below in Table 1.
Table 1: In-Band Emission Test for DC-HSUPA

	Parameter Description
	Unit
	Limit  (Note 1)
	Applicable Frequencies

	IQ Image
	dBc
	-24
	Image frequencies (Note 1)

	Note 1:
The measurement bandwidth is [3.84MHz] and the limit is expressed as a ratio of RRC filtered measured power in the stronger carrier to the RRC filtered measured average power in the weaker carrier




Another important issue to consider is the measurement of this quantity. Since the image is of the order of -25dB with respect to the stronger carrier, we would need the weaker carrier to be significantly below the stronger carrier to measure the -24dBc quantity accurately. One way is to push the weaker carrier to min power and measure the image power. The amount of power imbalance between the 2 carriers needed for this measurement is FFS..
The discussion on the need for a LO leakage requirement is further discussed in[5].

3
Conclusions
In this contribution, we have discussed the possibility introducing a new In-band Emissions requirements test for DC-HSUPA to handle the case when the carrier powers are imbalanced. An attempt was made to reuse the existing LTE In-band emissions requirement of the IQ Image component as specified in 36.101[4], with an additional margin to account for spectral re-growth of the stronger carrier in the weaker carrier’s bandwidth as well as the power of the weaker carrier.
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