3GPP TSG-RAN WG4 Meeting #88
R4-1810979
Gothenburg, Sweden, 20th – 24th Aug, 2018
Title:
FR2 Spurious emissions
Source:
Qualcomm Incorporated
Agenda item:
7.6.16.9
Release:
Rel-15
Work Item:
NR_newRAT-Core

Responsible WG:
RAN4
Document for:
Approval

1.
Introduction
CEPT PT1  sent and LS to RAN4 on the methodology to test TRP limits in the field and the Category B Spurious emission limits. In the LS, CEPT informs RAN4 that two options for recommendation 74-01 for “Terminals and Base Stations using AAS and beamforming with integrated antennas” are under consideration. CEPT is also asking how these options would be implemented in 3GPP specifications. Same topic has been discussed earlier [2] and agreement was to specify -13 dBm / MHz as spurious emission limit for FR2 devices which is different than both of the options. This paper discusses how RAN4 could accommodate the options presented in [3]. 
2. 
Discussion
2.1 
Existing requirements
FCC in [4] sets limits for Mobile radios as -13 dBm / MHz. This regulatory limit was a result of a discussion on feasibility of mobile devices and 3GPP specification (TS 38.101-2) is in alignment with FCC limits. In particular, one of the key point behind this choice was to limit the spec complexity by reducing/avoiding exceptions to the general limit given the super heterodyne architecture for FR2 UEs, as explained in the following.

2.2 
FR2 Handheld UE architecture

FR2 UE reference architecture as shown in Figure 6.2.1.2.2-1 of [7] contains IF stage and RF stage. Choice of architecture is mainly driven by challenges in high frequency mixers and DC handling and lack of feasible filters in these frequencies. Use of band pass filters in FR2 operating bands is impractical as discussed in sub-section 6.2.1.2.2.2 of [7] up to the point that FDD duplex method is ruled out in practice. 

As a result of high frequency challenges, the selected heterodyne architecture generates more emissions than typical LTE transmitter does. Level of these emissions is also higher since high power need to be used in lower frequencies to be able to produce same amount of power at higher frequencies. Emission spectra of FR2 reference transmitter architecture is illustrated in Figure 1. 
[image: image1.png]RF 2*RF

| T 1 n

image RFLO DAC P4FMod RFBB S4FMod PAHD2
image




Figure 1 Descriptive picture of FR2 UE emissions. IQ Image and 2xLO-IF are not shown. 
In addition to the shown impairments, there is IQ image and in-band carrier leakage from IF stage but these fall within 250 % of channel BW from RF carrier. P4FMod (CIM3) and S4FMod (CIM5) frequencies in relation to RF carrier are dependent on channel BW and PA HD2 is dependent on RF Carrier frequency.  Frequencies of RF LO, 2xLO – IF, DAC Image and Image are implementation dependent. Choice of IF frequency can vary quite much depending on implementation as well as DAC sampling rate. BW of impairments depends on the assigned RB allocation and channel arrangement except for RF LO which is the only one of CW type. 
Observation1: Practical FR2 handheld UE generates more spurious emissions than FR1 equivalent one 
Managing above discussed emissions in UE design is challenging and levels are set by fundamental TX line up design rather than one specific parameter in one RF component. Improving spurious emission performance requires full new design of core chipset. This process is much more time consuming than many of the emission performance cases analysed in past decade for FR1 devices where typically acoustic filter isolation is analysed and discussed broadly and industry jointly evaluated feasible performance for handhelds.  
In the following we discuss the two options for EU region new regulatory requirements for handheld FR2 devices presented in [3].

2.3 
Option 1 -30 dBm / 300 kHz from [1]
Option 1 presents a possibility to use same limit for power but different resolution bandwidth. The proposed value is still 12 dB tighter than existing spurious emissions specification in 38.101-2. To match the existing 3GPP specification, using the limit of -30 dBm / 20 kHz as regulatory limit would match the current 3GPP limit but it would still be problematic for RF LO since the power level is -13 dBm and BW of the CW signal is ultimately very narrow. As a consequence, there would need to be exception allowed for this case even with 20 kHz. It is also unpractical to test with such a narrow measurement BW since the total testable frequency span in FR2 is so large. 
2.4 
Option 2 -20 … -25 dBm / 1 MHz from [1]
FromRAN4 perspective, this option is not very different since even with the lowest limit in the presented range, requirement is tighter than existing 3GPP limit by 7 dB. One option is to apply -20 dBm limit with 200 kHz measurement BW making the requirement in to equivalent level than -13 dBm / MHz. However, in this case similarly to the 20 kHz case discussed in previous sub-section, RF LO would be a problem.  
Observation 2: Proposed options in [1] for spurious emissions are not feasible for Rel-15 based handheld UEs. 
In the following, we present a possible modification for spurious emission requirement that possibly could be accommodated by Rel-15 NR FR2 UEs. 

2.5
Option 3 -30 dBm / 1 MHz with exceptions
There should not be any reason for wideband noise from FR2 UE TX to meet -30 dBm / MHz. The problem is those discrete emissions which are of varying shape and frequency as discussed in sub-section 2.2. If the intent is to have -30 dBm / MHz limit spelled in some capacity in regulatory requirements and still enable FR2 Rel-15 UE’s in EU region, exception must be allowed. There maybe some challenges how these exceptions could be defined since some of the spurious emissions are images or multiples of an actual RB allocation so shape and frequency may change rapidly and non-contiguous allocations or application of UL CA will make single instance presented in Figure 1 look like multiple exceptions. Even defining number of exceptions maybe difficult so this is not our preferred option.
2.7 
Option 4 -13 dBm / 10 MHz with A-MPR and exceptions
Keeping the same emission power limit as in current 3GPP requirements and increasing measurement BW effectively translates to lower power value in narrower measurement BW when emission are wideband. Since the power ratio of emissions and output power remains constant and UE is designed to meet -13 dBm / 1 MHz, increasing measurement bandwidth and keeping same dBm value is manageable proposal for spurious emission requirements. 

The case of PC1 (FWA) device, there is a limitation of minimum allocation width of 10 MHz to ensure compliance of -13 dBm / 1 MHz spurious emission requirements. That is, emissions in 10 MHz measurement BW equal to -3 dBm when 10 MHz allocation is scheduled. If -13 dBm / 10 MHz was to be met with same design, minimum allocation should be 100 MHz. In FR2 with 60 and 120 kHz sub-carrier spacing, minimum allocation BW for handheld UE is 720 kHz or 1.44 MHz depending on SCS. For FWA with this new spurious emission requirement would mean minimum 70 RB allocations for 120 kHz SCS or 139 RB allocations for 60 kHz SCS. This would mean only 200 MHz channels are usable for FWA. 

Observation 3: Even more relaxed but still tighter than existing requirement spurious emission requirements need to accommodate exceptions

2.6 
Handling of EU regulatory requirements in 3GPP specifications

Conclusion from previous sections is that if anything else than -13 dBm / 1 MHz will be set as spurious emission requirements, EU region must be handled as an exception case. Normal way to handle such special cases in 3GPP specifications is to define Network Signalling flag and additional relaxations to output power (A-MPR), if applicable. In this case, A-MPR may not help all cases some of those impairments are output power independent impairments such as the RF LO. An alternative is that RAN4 will define new substantially lower power class with tighter emission requirements and regulatory only allows that power class devices in to EU region.  Network coverage impact is unavoidable in both A-MPR and new power class cases.

Presented Option 4 may have some possibility as general requirement if exceptions are allowed so that all implementing companies are comfortable with those and agreement on A-MPR or RB limitations is reached in 3GPP. 3GPP requirements will still need to ensure the existing regulatory requirements in other regions are met Downsides to this approach is that it creates parallel requirements compared to the existing ones and that FWA use case does not seem feasible. Careful consideration is needed on how to enable support for EU region devices in RAN4 requirements. Currently, Rel-15 sets precedent for FR2 Rest Of the World (ROW) device requirements and it is unlikely that RAN4 will agree to modify such a fundamental requirement as spurious emission requirement between Releases. 
Observation 4: Defining different spurious emission requirements than what is in finished Rel-15 will put EU region in to special role

Proposal 1: RAN4 will respond to LS [1] with a recommendation to define emission requirements as -13 dBm / 1 MHz
Proposal 2: If multiple spurious emission requirements will be defined, UE support for these new requirements have to be defined for dedicated band defined for that region only or if NS flag option is chosen, support has to be optional 

Conclusion
We discussed challenges on meeting spurious emissions with architectures needed for FR2 UE. We made one observation

Observation1: Practical FR2 handheld UE generates more spurious emissions than FR1 equivalent one 

We discussed feasibility options considered for EU spurious emissions requirements and provided two new options. We made two more observations: 
Observation 2: Proposed options in [1] for spurious emissions are not feasible for Rel-15 based handheld UEs. 
Observation 3: Even more relaxed but still tighter than existing requirement spurious emission requirements need to accommodate exceptions

We discussed how to handle different spurious emission requirements in 3GPP requirements and made one observation and following, two proposals:

Observation 4: Defining different spurious emission requirements than what is in finished Rel-15 will put EU region in to special role

Proposal 1: RAN4 will respond to LS [1] with a recommendation to define emission requirements as -13 dBm / 1 MHz

Proposal 2: If multiple spurious emission requirements will be defined, UE support for these new requirements have to be defined for dedicated band defined for that region only or if NS flag option is chosen, support has to be optional 
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