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Introduction
In the latest version of the specification a UE coexistence requirement from FR1 to FR2 bands has been introduced. This procedure poses significant challenges on the test system since even higher frequency bands are under discussion and the requirement may have a negative impact on other requirements as well.
A previous discussion took place at RAN4 #88, however no conclusion was reached and more time to investigate the issue was required. Therefor we further discuss the issue in this contribution.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
 General
During the last meeting new requirements for UE co-existence spurious emissions were introduced. Specifically requirements for bands n77, n78 and n79 are added to the specification, which include co-existence requirements with band n257.
	NR Band
	Spurious emission for UE co-existence

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	n77, n78
	E-UTRA Band 1, 3, 5, 7, 8, 11, 18, 19, 20, 21, 26, 28, 34, 39, 40, 41,  65
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	NR Band n257
	26500
	-
	29500
	-5
	100
	

	n79
	E-UTRA Band 1, 3, 5, 8, 11, 18, 19, 21, 28, 34, 39, 40, 41, 42, 65
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	Frequency range
	1884.5
	-
	1915.7
	-41
	0.3
	8

	
	NR Band n257
	26500
	-
	29500
	-5
	100
	


Table 1 UE co-existence requirements for bands n77, n78 and n79 [1]
This is the first time that UE co-existence requirements exceed the frequency range as recommended by ITU, which is up to 26GHz as per ITU-R SM.329-12 [2]. Those requirements are currently reflected in the general spurious emission requirements in [1].
	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	9 kHz  f < 150 kHz
	-36 dBm
	1 kHz 
	

	150 kHz  f < 30 MHz
	-36 dBm
	10 kHz 
	

	30 MHz  f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz  f < 12.75 GHz
	-30 dBm
	1 MHz
	

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz
	1

	12.75 GHz < f < 26 GHz
	-30 dBm
	1 MHz
	2

	NOTE 1:	Applies for Band that the upper frequency edge of the UL Band more than 2.69 GHz
NOTE 2:	Applies for Band that the upper frequency edge of the UL Band more than 5.2 GHz


Table 2 General spurious emission requirements [1]
The introduction of these new requirements in table 1 introduces some new challenges for the test system and should be carefully considered. At first look the addition of the band n257 to the spurious emission requirements does not seem very critical, however it brings some serious new requirements for the test system. A general approach needs to be defined on how to handle bands that exceed the ITU-R recommendations.
In 38.101-2 [3] the following bands have been currently defined:
	Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	n257
	26500 MHz
	–
	29500 MHz 
	26500 MHz
	–
	29500 MHz 
	TDD

	n258
	24250 MHz
	–
	27500 MHz
	24250 MHz
	–
	27500 MHz
	TDD

	n260
	37000 MHz
	–
	40000 MHz
	37000 MHz
	–
	40000 MHz
	TDD

	n261
	27500 MHz
	–
	28350 MHz
	27500 MHz
	–
	28350 MHz
	TDD


Table 3 Frequency bands in FR2 [3]
As it can be easily seen these bands currently cover a frequency range up to 40GHz. In 38.817 a band up to 43.5 GHz has already been included and for Rel-16 even higher frequencies may be under discussion.
Test system and DUT considerations
Extending the required frequency for testing further and further will pose significant requirements on the test system that need to be considered. For example by simply extending the frequency beyond 26GHz, this requires replacing the cables and connectors of the system with a different type since now it is no longer feasible to use 3.5mm cables, but instead at least K type connectors are required which work up to 40GHz. The same then of course applies for other parts of the system like amplifiers, switches etc. 
Since in this case this is a conducted test, these changes will also directly impact the signaling characteristics of the system, because over the same UE connectors that are used for measuring the spurious emissions also the connection from the test system to the UE needs to be maintained.
So not only will increasing the required measurement frequency for the spurious test impact the spurious emission test itself, but may also negatively impact all the remaining TCs.
Observation 1: Increasing the test frequency of the spurious emission requirements impacts other TCs as well.
For up to now only requirements up to 29.5 GHz are included in the specification, however given previous experience new bands are constantly defined. Without limiting the upper frequency up to which the out of band requirements need to be tested, there will be large amount of uncertainty with regards to the design of the test system.
Another point to consider is the connection from the antenna port of the DUT to the test system. Depending on the type of the antenna connector type at the DUT side. These connectors in many cases may not be suited for testing these high frequencies. Some of the typically used connector types are e.g. MCX or MMCX connectors which are optimized to work for the signaling range up to 6 GHz. Other types used may work up to e.g. 18 GHz, which covers the spurious emission range for most bands.
However it will become increasingly difficult to accurately measure the spurious emissions over the cabled connection to the DUT, given the limited frequency range of most PCB DUT connectors. 
Observation 2: Taking the DUT antenna connectors into account, results at higher frequencies may become less and less accurate.
Taking these points into account it needs to be considered to limit the upper frequency for the spurious emission requirements to a certain value. In our view this limit should be given by the ITU-R recommendations and be at 26 GHz like in the general spurious emission case (see table 2).
Proposal 1: No requirements for UE co-existence are defined outside of the frequency range of the general spurious emission limits.
Alternatively in case proposal 1 cannot be agreed, a different solution to the issue may be to keep the current requirement in the specification, however clearly address in the specification that the requirement shall not be tested in RAN5.
Proposal 2: Add a note to UE co-existence requirements between FR1 and FR2 bands in 38.101-1 that these requirements shall not be tested.

Proposals
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this paper we discussed the upper frequency limit of the UE coexistence requirements, considering implementation aspects on the test system side and also taking into account the connection from the DUT to the test system.
We make the following observations and proposals and ask RAN4 to endorse Proposal 1.
Observation 1: Increasing the test frequency of the spurious emission requirements impacts other TCs as well.
Observation 2: Taking the DUT antenna connectors into account, results at higher frequencies may become less and less accurate.
Proposal 1: No requirements for UE co-existence are defined outside of the frequency range of the general spurious emission limits.
Proposal 2: Add a note to UE co-existence requirements between FR1 and FR2 bands in 38.101-1 that these requirements shall not be tested.
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