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Introduction
FR2 CA has not been discussed much even requirements have been added to 38.101. This paper discusses aspects of mmWave CA which are different than in sub6


Discussion

In [1] we discussed the FR2 reference architecture for CA. Similar issues were discussed in [3]. The underlying issue can be summarised so that whereas CA can work on FR2, the limitations of single receive and transmit chain exist. More problematic issue than the IBB aspect discussed in [3] is location of TX impairments: carrier leakage and IQ image. In Figure 1 we show the operation of 2 DL CA in LTE. In Figure 1 (a) DL CA carrier leakage is in center of aggregated transmission BW configuration. When UL CA is not configured, same LO can not be used but the implementation must have a secondary TX LO tuned in to center of the UL CC to prevent IQ image from falling outside CC BW.    
There may be implementations with shared LO but then LO must be tuned. For LTE, tuning could be accomplished since the tuning range is relatively small. LTE maximum CC BW is 20 MHz. Problem is much bigger in FR2 where CC BW can be up to 400 MHz and also 8CC DL CA is in WI. Also UE may not support UL CA at all. 
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Figure 1 Carrier leakage and IQ Image locations for contiguous UL CA with unequal CC BWs (a) and con-contiguous UL CA (b)
Problem is more severe if SCell CC BW to PCell CC BW ratio is more than 2:1 since then also carrier leakage will fall outside the CC BW. Other problem cases maybe when there are multiple CC’s aggregated for DL only or NC CA is deployed. Figure 2 outlines some of the example cases, 
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Figure 2 Example diagrams of cases when also carrier leakage falls outside CC BW: multiple CC’s in (a) narrower UL CC than DL CC in (b)

Issue is rather severe and RAN4 should work to allow this operation. We thought about two options to mitigate the issue: 

1) Allow excerptions for impairment that fall outside CC BW. In all cases, these excerptions would be confined inside licensed operating band even they are outside the CC BW. 
2) Define symmetrical CA for FR2 i.e. in all DL configurations, also UL CA is configured, and carrier leakage and IQ image is handled as IBE excerptions. RAN4 could study options to limit simultaneous allocations to one CC at a time

The option 2 will not solve NC CA problem and therefore we prefer the option 1. 

Proposal 1: For FR2 DL CA, excerptions are defined to allow for UL impairments outside CC BW with the precondition that all impairments are confined inside licensed operating bands. 
For NC UL CA, there are also IM products that may land outside operating band. Further MPR is needed to ensure compliance with spurious emissions. Therefore, we propose NC UL CA is studied more in detail in later phase.
Proposal 2: Ran4 work towards requirements for UL NC CA are down prioritised over requirement work for contiguous CA and NC DL CA.   

Conclusion
We discussed an issue involving TX impairments in FR2 CA and made two proposals:
Proposal 1: For FR2 DL CA, excerptions are defined to allow for UL impairments outside CC BW with the precondition that all impairments are confined inside licensed operating bands.   
Proposal 2: Ran4 work towards requirements for UL NC CA are down prioritised over requirements for contiguous CA and NC DL CA.   
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Appendix: TP for TS 38.101-2
6.4.2.2
Carrier leakage
6.4.2.2A
Carrier leakage for CA

For intra-band contiguous CA with UL and DL configured for same component carriers, carrier leakage is an additive sinusoid waveform that is confined within the aggregated transmission bandwidth configuration. The carrier leakage requirement is defined for each component carrier and is measured on the component carrier with PRBs allocated. The measurement interval is one slot in the time domain. 

For intra-band contiguous CA with different component carriers configured for UL than for DL, carrier leakage is an additive sinusoid waveform that is confined within aggregated receiver bandwidth configuration.  The carrier leakage requirement is defined for each component carrier and is measured on the component carrier with PRBs allocated. The measurement interval is one slot in the time domain.

For intra-band non-contiguous CA, carrier leakage is an additive sinusoid waveform that is confined within outer edges of the aggregated receiver bandwidth configuration. The carrier leakage requirement is defined for each component carrier and is measured on the component carrier with PRBs allocated. The measurement interval is one slot in the time domain.

Note: For intra-band non-contiguous CA, carrier leakage may land outside component carrier bandwidth.

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 6.4.2.2A-1. 

Table 6.4.2.2A-1: Minimum requirements for Relative Carrier Leakage Power

	Parameters
	Relative Limit (dBc)

	Output power >TBD  dBm
	-25

	-TBD dBm ≤ Output power ≤ TBD dBm
	-20

	-TDB dBm  ≤  Output power < -TBD dBm
	-10


6.4.2.3
In-band emissions

