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1. Introduction
An issue with the inband emissions requirement is presented as a discussion and response to concerns raised to a previously proposed CR [2]. The inband emissions requirement applies to unallocated inband RBs and is presented in Table 6.5.2.3.1-1 of [1]. Specifically, the requirement addresses three contributors to the emissions, they are:
1. A general contributor that accounts for the combined impairments of FFT sidelobes, phase noise and nonlinearities 
2. A carrier feedthrough contributor (at the center of the channel) due to LO leakage 

3. An imbalance contributor due to IQ imbalance
The contributors have been perceived to combine separately and as such can be viewed as standalone contributors—see Figure 1.1. The methodology to combine the requirements (Note 1 in Table 6.5.2.3.1-1 of [1]), specifies the sum of the contributors to be below the maximum of the individual requirements for any one RB. This creates a “mask” that must be met-see thick black line in Figure 1.1. The methodology works fine as long as the contributors do not add significantly, i.e., the contributors have very different levels with one dominating for any single RB. If any two contributors have a similar impact for any RB the methodology forces a tightening of the individual requirements. Figures 1.2 and 1.3 illustrate examples of situations that would force UE manufacturers to tighten the individual requirements considerably to meet the mask. This was not the intent of the combined requirement and needs to be addressed. We describe four options to address this issue and forward an opinion on the way forward.
1.1 Example of In-Band Emissions for One RB
Figure 1.1 illustrates the “mask” used for in-band emission compliance for the case of a single RB. The RB, illustrated in red, is transmitted at location 46 for a 20 MHz channel bandwidth. The grey mask close to the RB is called the General requirement and allows for noise sources such as the FFT sidelobes, phase noise and regrowth due to transceiver and PA nonlinearities. The formula for the General requirement is given by a maximum of four values, namely:
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Note that analysis presented here applies only to unallocated RBs within the channel bandwidth. Note that, according to the formula, a ‑30 dB floor is applied after a sufficient distance to the allocated RB. The parameters for the equation are described in footnotes to Table 6.5.2.3.1-1 of [1]. The measurement of the inband emission is carried out by integrating the power in any single unallocated RB dividing it by the average power per RB of allocated RBs and comparing the result to the mask.

The other two requirements are the IQ Image and Carrier Leakage requirements. The IQ image requirement is -25 dB (measured as in the General requirement) whereas the DC (carrier leakage) requirement is measured in dBc and has different requirements depending on the output power. Of these two requirements, the former is measured as in the General requirement whereas the Carrier Leakage requirement is somewhat more difficult to assess as it is measured in terms of power ratio of the RB to the sum of powers for all allocated RBs. For convenience this Carrier Leakage requirement is best converted to dB by summing it with 10 * log10( LCRBs), where LCRBs is the number of RBs in the transmission bandwidth. This conversion allows all the requirements to be measured in dB and thus can be plotted together.
According to the methodology the combined mask for all three requirements (in dB) for any single RB is the largest of the requirements for that RB, e.g., the thick black line in Figure 1.1.
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Figure 1.1 - One RB (red) in position 46 and the in-band emissions requirements, General requirement (grey), DC requirement (magenta) and IQ Image requirement (green). All requirements shown are in dB.  Also note the in-band emissions combined mask.
1.2 Other Examples

The story gets more complicated as the transmitted RBs are moved closer to the center of the channel. 
1. Figure 1.2 illustrates what happens when two RBs take on positions 49 and 50. In this case the Carrier Leakage, IQ Image and General requirements overlap. In this case the overall mask is determined by the General requirements as they are the highest for every RB. However it is becoming clear that something is wrong as the impairments captured in the General requirement will add to those of the IQ Imbalance and Carrier Leakage requirements in RB locations 51 and 52. 
2. To drive the point home, consider Figure 1.3 which illustrates 5 RBs in locations 46 to 50. Note that:

a. In this case the General requirements do not dominate, but the Carrier Leakage requirement is notably larger @ -25 + 10*log10(5) ~ -18 dB at RB # 51 (also # 50, though not shown because # 50 is allocated) 

b. The IQ Image requirement is at the same level than the General requirement for unallocated RB #55

c. At the UE for RB #55 the impairments captured by the General requirement will add to those due to IQ imbalance to make it harder to pass the -25 dB level
d. If the imbalance impairment is near its allowed maximum, the UE has to have other impairments, including carrier feedthrough, at a very low level to meet the combined requirements mask

e. It can be argued that the IQ Image requirement should not be tightened and that the General requirement has already accounted for it. This is a poor argument: consider that the imbalance impairment reaches -24.9 dB for RB #55. The combination of all other impairments would have to be ‑41.5 dB in order to pass the spec
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Figure 1.2 - Two RBs (red) in positions 49 & 50 and the in-band emissions requirements
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Figure 1.3 - Five RBs (red) in positions 46 to 50 and the in-band emissions requirements

In order to address the scenarios identified and illustrated in Figures 1.2 and 1.3 we suggest four options:

· Option 1: The combined requirement is relaxed to take into account the scenarios illustrated in Figures 1.2 & 1.3; Note 1 remains as the max of requirements.
· Problem: it is hard to know how much to relax the combined requirement and it is undesirable to do so, at worst a 5 dB relaxation is required: this is not acceptable
· Option 2: The separate requirements are tightened in order to meet the combined requirement and Note 1 remains as the max of the requirements
· Problem: a 5 dB of margin for all the contributors would be needed to deal with worst case scenario of all three contributors having equal power: this is also not acceptable
· Option 3: The separate requirements remain the same but Note 1 is changed from its current reading to a power sum of separate requirements in dB
· Problem: this would amount to a small relaxation ~1 dB of the combined requirement, even for the scenario in Figure 1.1
· Option 4: Tighten the IQ Imbalance Requirement to -26.7; tighten the LO frequency spec to -26.7 dBc, -20.5 dBc and -10 dBc. Also Note 1 is changed from its current reading to a power sum of separate requirements in dB
We prefer Option 4 as this would allow the UE to meet the combined requirement in the scenario illustrated in Figure 1.1 but would not force any undue tightening of the separate requirements. For example, in the absence of other strong impairments the IQ imbalance requirement has to meet -26.7 dB + -30 dB = -25 dB, which is the current view of the requirement on IQ imbalance. In other words, the combined mask for the scenario of Figure 1.1 is met. Therefore, we would like to propose Option 4 as the way forward for the inband emissions mask.
2. Summary

The contribution illustrates problems with the current in-band emission specification. The specification is shown to (unintentionally) force the UE to need a large margin in terms of IQ Image and Carrier Leakage performance to meet the combined requirement. The contribution highlights a way forward that solves the issue by only slightly tightening individual requirements and modifying Note 1 in Table 6.5.2.3.1-1 of [1]. This way forward will neither tighten nor loosen the requirements for the UE in order to meet the combined requirement. 
3. References

[1]
36.101 v870, v910
[2] 
R4-093107- Inband Emissions Definition Correction, Fujitsu









_1313577889.unknown

_1313583909.unknown

_1287965594.unknown

