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1 Introduction

In January RAN4 AH meeting, RAN5 LS [1] is received, in which RAN5 concluded that it is not possible to test REFSENS EUTRA requirements simultaneously with NR REFSENS requirements in FR2 and RAN5 asked RAN4 to further clarify “E-UTRA requirements defined in TS 38.101-3 for EN-DC operation in NR FR2”.
This paper first analyzes the definition of core NSA requirements, then discusses testing methods for NR FR2 and LTE in NSA mode, finally discusses problems may also happen in inter-band NR CA testing.
2 Discussion

2.1 Core requirements

EN-DC of LTE and NR FR2 requirements are defined in TS38.101-3 and summarized in Annex. Most of the requirement descriptions are similar to each test case. An example is captured below. It can be seen that NSA UE shall meet both LTE requirements defined in TS36.101 and NR FR2 requirements defined in TS38.101-2.
	6.2.2.2.2 
Transmitter power for inter-band EN-DC of LTE and NR in FR2

For inter-band EN-DC of LTE and NR in FR2, the UE shall meet each transmitter power requirement specified in clause 6.2.2 of TS 36.101 and clause 6.2.1 TS 38.101-2 independently.

7
Receiver characteristics

7.1
General

Unless otherwise stated the receiver characteristics are specified at the antenna connector(s) of the UE for the bands operating on frequency range 1 and over the air of the UE for the bands operating on frequency range 2.




From testing point of view, the potential ambiguity is whether LTE and NR requirements should be tested and achieved simultaneously or could be tested independently with only one mode is active.
Observation 1: There is ambiguity in interpreting the NSA LTE+NR FR2 requirements, it is unclear whether LTE and NR FR2 requirements could be tested independently or have to be tested simultaneously.
2.2 Testing of NSA FR2 requirements
Testing methods for NSA (LTE+NR FR2) defined in TR38.810 as below:
	For NSA RF testing:
-
For setups intended for measurements of UE RF characteristics in non-standalone (NSA) mode with 1UL configuration, an LTE link antenna is used to provide the LTE link to the DUT
-
The LTE link antenna provides a stable LTE signal without precise path loss or polarization control


From the description above, it is clear that LTE link is necessary to make a connection to the network.
Observation 2: LTE connection is needed when testing NSA NR FR2 requirements.
However, it is not clear whether LTE and NR FR2 interference was considered when defining the test method. Previously, there are some analysis about the interference between sub-6GHz and FR2 for DC UE and got following conclusion in [1].
	Agreement:

Proposal 1: For DC UE between LTE sub-6GHz and NR FR2, Only focus on harmonic problems into NR new bands at FR2. No study is needed for IMD problem 

Proposal 2: No sensitivity degradation by the high order harmonic problem (at least 7th harmonic order) in NR bands for FR2. For the lower order harmonic problem, RAN4 need further evaluation.


From agreements above, it can be seen that there is no harmonic problem above 7th order. Now all the sub-6GHz LTE bands do not have harmonic products below 7th order which fall into NR FR2 bands. In other words, there is no interference problem between sub-6GHz LTE bands and NR FR2 bands, i.e. LTE will not cause NR FR2 performance degradation. Thus, using LTE link as connection purpose without calibration will be sufficient to evaluate NR FR2 requirements.
Observation 3: LTE will not interfere NR FR2. Using LTE link as connection purpose without calibration is sufficient to evaluate NR FR2 requirements.
Proposal 1: NSA UE FR2 RF performance could be tested with LTE connecting to the network without calibration.

2.3 Testing of NSA LTE requirements
LTE RF requirements are defined in conducted mode and RAN4 did not consider testing them under OTA environment.

Observation 4: LTE RF requirements testing in OTA mode is not the intention of RAN4.

If we use conducted mode to test LTE requirements, how to handle the FR2 NR mode is unclear from the current spec. One possible way is to test LTE requirements while keeping UE connected to network in NR FR2. Then, it means UE needs to be tested in a chamber. From testing execution perspective, it is quite complicated and not preferred.

Then it comes to the question whether keep NR FR2 connecting to the network or not will cause much difference to the testing results. In our understanding, NR FR2 will not violate LTE due to large frequency distance and different TX/RX RF chains for LTE and NR FR2 in real UE. Thus, NR FR2 will not degrade LTE performance and LTE requirements could be tested without NR FR2 connecting to the network.
Observation 5: NR FR2 will not degrade LTE performance and LTE requirements could be tested without NR FR2 connecting to the network.
Proposal 2: LTE RF requirements could be tested in conducted mode without NR FR2 connecting to the network.

2.4 Testing of Inter-band NR CA requirements
Besides EN-DC (LTE+NR FR2), the inter-band NR CA in FR1 and FR2 may also confront with previously mentioned testing issues. One example is captured in below table from TS38.101-3. UE supports inter-band CA in FR1 and FR2 combined need to meet each requirements specified in TS38.101-1 and TS38.101-2.
	6.2.1.2
Transmitter power for inter-band NR CA in FR1 and FR2 combined
For inter-band NR CA in FR1 and FR2 combined, the UE shall meet each transmitter power requirement specified in clause 6.2.2 of TS 36.101 and clause 6.2.1 TS 38.101-2 independently.


Observation 6: Besides EN-DC, the inter-band NR CA in FR1 and FR2 combined also need to clarify the testing issue.
For FR1 and FR2 inter-band NR CA we need to consider which cell will be the Pcell. If we use FR1 as Pcell then the testing will be similar to NSA LTE+NR FR2, but if we use FR2 as Pcell then we need to make sure FR2 Pcell is connected when testing FR1 Scell. In reality, FR1 cell has larger coverage and will be more logically be used as Pcell.
Observation 7: For FR1 and FR2 inter-band NR CA, FR1 will more logically be used as Pcell. Testing methods are similar to NSA LTE + NR FR2.
Proposal 4: For FR1 and FR2 inter-band NR CA testing, the following principle should be used: 

· FR2 UE RF performance could be tested with FR1 connecting to the network;

· FR1 UE RF performance could be tested in conducted mode with FR2 unconnected.

Right now many items in TS38.101-3 are empty, analysis may needed when new items are added.
3 Conclusion

Observation 1: There is ambiguity in interpreting the NSA LTE+NR FR2 requirements, it is unclear whether LTE and NR FR2 requirements could be tested independently or have to be tested simultaneously.

Observation 2: LTE connection is needed when testing NSA NR FR2 requirements.
Observation 3: LTE will not interfere NR FR2. Using LTE link as connection purpose without calibration is sufficient to evaluate NR FR2 requirements.
Observation 4: LTE RF requirements testing in OTA mode is not the intention of RAN4.

Observation 5: NR FR2 will not degrade LTE performance and LTE requirements could be tested without NR FR2 connecting to the network.
Observation 6: Besides EN-DC, the inter-band NR CA in FR1 and FR2 combined also need to clarify the testing issue.
Observation 7: For FR1 and FR2 inter-band NR CA, FR1 will more logically be used as Pcell. Testing methods are similar to NSA LTE + NR FR2.
Proposal 1: NSA UE FR2 RF performance could be tested with LTE connecting to the network without calibration.

Proposal 2: LTE RF requirements in conducted mode could be tested without NR FR2 connecting to the network.

Proposal 3: For FR1 and FR2 inter-band NR CA testing, the following principle should be used: 

· FR2 UE RF performance could be tested with FR1 connecting to the network;
· FR1 UE RF performance could be tested in conducted mode with FR2 unconnected.
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Annex

LTE+NR FR2 DC test requirements included in TS38.101-3

	6.2.1.2
Transmitter power for inter-band NR CA in FR1 and FR2 combined
	For inter-band NR CA in FR1 and FR2 combined, the UE shall meet each transmitter power requirement specified in clause 6.2.2 of TS 36.101 and clause 6.2.1 TS 38.101-2 independently.

	6.2.2.2.2
Transmitter power for inter-band EN-DC of LTE and NR in FR2
	For inter-band EN-DC of LTE and NR in FR2, the UE shall meet each transmitter power requirement specified in clause 6.2.2 of TS 36.101 and clause 6.2.1 TS 38.101-2 independently.

	6.2.3.2
Allowed power reduction for inter-band EN-DC
	Blank

	6.2.4.2
Allowed additional power reduction for inter-band EN-DC
	Blank

	6.2.5
Configured maximum output power for EN-DC
	Blank

	6.5.2.3
Spurious emissions
	The general spurious emissions requirements specified in sub-clause 6.6.3.1 of [36.101], sub-clause 6.5.3.1 of [38.101-1] and [38.101-2] apply for each component carrier.

	6.5.2.3.1
Spurious emission band UE co-existence
	This clause specifies the requirements for the specified EN-DC, for coexistence with protected bands. The requirements in Table 6.6.3.2A-0 apply on each component carrier with all component carriers are active.

	7.3.2
Reference sensitivity for EN-DC
	For EN-DC, E-UTRA and NR single carrier REFSENS requirements defined in [2], [3] and [4] apply to all downlink bands of EN-DC configurations listed in Tables [TBD] unless sensitivity degradation is allowed as defined in clause 7.3.2.1 and 7.3.2.2.

	7.3.2.2
Reference sensitivity exceptions for EN-DC in NR FR2
	Reference sensitivity exceptions are specified for the condition when there is uplink transmission only in the aggressor band.


NR FR1+FR2 CA test requirements included in TS38.101-3

	6.2.1.2
Transmitter power for inter-band NR CA in FR1 and FR2 combined
	For inter-band NR CA in FR1 and FR2 combined, the UE shall meet each transmitter power requirement specified in clause 6.2.2 of TS 36.101 and clause 6.2.1 TS 38.101-2 independently.

	6.2.3.1
Allowed power reduction for carrier aggregation
	Blank

	6.5.1
Output RF spectrum emissions for carrier aggregation
	Blank


