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1 Introduction

The Rel-15 requirements shall cover both SA and NSA (EN-DC) modes. RAN4 defined the full set of requirements in application to the SA mode operation and the respective requirements were agreed to be extended to the NSA EN-DC case. In RAN4 #88 meeting the following agreements on the SA/NSA requirements were made [1]:

	· For single carrier SA/NSA Normal demodulation / CSI reporting performance requirements

· Reuse the test case parameters for NSA/SA requirements

· Define same minimum performance requirements for NSA/SA modes

· For NSA requirements define NR requirements only (i.e. no LTE requirements).

· Use noise-free LTE link for NSA mode (TBC for FR2)

· Additional specific EN-DC requirements can be specified after normal requirements finalized.


In RAN4 #88bis additional agreements were made [2]:
	SA/NSA requirements

· For SA/NSA Normal demodulation performance requirements only verified NR carrier requirements, additional EN-DC specific requirements can be further discussed after normal requirements finalized.

· NSA SDR requirements

· For EN-DC operation within FR1, both LTE carrier and NR carrier need to be verified

· For interworking operation across FR1 + FR2 (e.g. EN-DC operation with FR2, FR1+FR2 CA), only FR2 carrier requirements can be testable considering test feasibility under Rel-15.

· Applicability for UEs supporting SA/NSA operation

· FFS for test applicability of for the same test cases for UE which supporting both SA/NSA operation 

· LTE carrier configurations for normal NSA test cases without LTE requirements

· 1 LTE cell

· TDD DL-UL configuration 2 (i.e. alignment between LTE and NR)


In this contribution we address the remaining open issues related to the NSA EN-DC interworking requirements testing.
2 Discussion

2.1 EN-DC within FR1
The UE demodulation performance requirements are typically defined in a band and a band combination agnostic manner. However, for some EN-DC band combinations the LTE/NR carriers may cause mutual interference, which may not allow definition of band combination agnostic requirements. In our view, one of the basic principles to be used for the NR UE Demodulation requirements definition for EN-DC shall be that LTE carrier should not interferer the NR carrier and vice versa. In the latter case, the band combination agnostic requirements can be defined.
One of the problematic cases is the scenario with simultaneous Tx/Rx on different CCs. For some of the EN-DC band combinations UE may not have sufficient isolation between the carriers and cannot support simultaneous Tx/Rx operation on LTE and NR carriers (i.e. cannot perform DL reception on one CC simultaneously with UL transmission on another carrier). Hence, to avoid possible impacts on the requirements the situations with simultaneous Tx/Rx shall be avoided. 
The particular issues were highlighted in the recent LS from RAN5 [3] in application to the RF testing but the similar issues are in general applies to the NR UE Demodulation.

	1. Overall Description:

RAN5 has detected some EN-DC test cases that would require simultaneous UL transmission on both component, E-UTRA and NR, at the same time based on TS 38.101-3 requirement definition. 

This need has been analyzed in R5-185998 for some requirements as MOP, OBW and SEM for intraband contiguous EN-DC. For these scenarios is assumed NR component and E-UTRA component are time aligned based where no UL and DL are overlaped.

Considering NR and E-UTRA needs to be time aligned, it is required a further analysis if NR UL RMC defined in TS 38.101-1 (based on a specific TDD UL-DL pattern) and LTE TDD UL-DL configuration 1 (default LTE TDD UL-DL configuration defined in TS 36.521-1) meet with this time alignment base and if it is possible simultaneous UL transmission. Following pictures represents LTE and NR transmissions in time assuming both component are time aligned:
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Above picture reflects:

· There is not any simultaneous transmission for SCS 15 kHz and 30 kHz, 

· Some simultaneous transmission, depending on subframe, for SCS 60 kHz,

· There are some slots where UL NR transmission and LTE DL transmission occurs at the same time.

During the discussion based on R5-185998, three issues are identified in RAN5.

Issue 1 As a fundamental issue regardless of test cases and EN-DC types,  it is not clear from TS 38.101-3 v15.3.0 whether the each TRx requirement should be tested with synchrous EN-DC or asynchrnous EN-DC. In case simultansous EN-DC shall apply, UL RMC of LTE and NR, measurement period and  time offset between LTE and NR should be harmonizedly specified.
Issue 2 Even if the TRx requirements are tested with synchronous EN-DC, it is observed simultaneous transmission of LTE and NR is not ensured for SCS 15kHz and SCS 30kHz as analyzed above.

Issue 3 For TDD-TDD intra-band LTE-NR EN-DC case, current NR UL RMC and LTE UL RMC do not avoid DL/UL interference.

2. Actions:

RAN5 respectfully asks RAN4 to take the above information into consideration and provide a guidance on Issue 1, 2 and 3. 


EN-DC operation is defined for multiple scenarios and it may be challenging to ensure no interference for all scenarios. Below, we share views on how to ensure no simultaneous Tx/Rx issues for different BCs.
TDD-TDD EN-DC

In case of TDD-TDD EN-DC combinations the support of simultaneous Tx/Rx is not mandated from UE perspective and may not be supported for some of the band combinations. Same time, to define the requirements in a band-agnostic manner simultaneous Tx/Rx can be avoided if UL/DL transmission directions are aligned for LTE and NR carriers. In order to ensure this, synchronized operation shall be applied and the NR and LTE UL-DL configurations shall be aligned. 

Below we summarize the full set of TDD configurations which can be used for NR FR1 tests:

	Type of test
	SCS
	TDD configuration
	Alignment with LTE

	RF (REFSENS)
	15 kHz
	DDDSU
	Cfg #2

	
	30KHz
	7D1S2U
	Cfg #2

	
	60KHz
	DDDSU
	Not aligned

	Normal Demodulation and CSI requirements
	30KHz
	7D1S2U, S =  6D:4G:4U
	Cfg #2

	
	
	DDDSUDDSUU, [S1=10D:4G], [S2= 10D:4G] 
	Not aligned

	
	
	DDDSU, S=10D:2G:2U
	Not aligned

	SDR requirements
	15kHz
	DDDSU
	Cfg #2

	
	30KHz
	7D1S2U
	Cfg #2


It may be observed that for majority of cases the NR TDD configurations are aligned with LTE TDD DL-UL configuration 2. In the previous meeting RAN4 agreed to use TDD DL-UL configuration 2 on the LTE carriers for normal demodulation requirements and it can resolve the issue. However, we note that for some FR1 normal demodulation tests the NR TDD configuration may not be aligned with either of LTE configurations and such scenarios shall not be tested for EN-DC (i.e. tested for SA mode only).
FDD-TDD EN-DC
In case of FDD-TDD EN-DC combinations the support of simultaneous Tx/Rx is not mandated from UE perspective as well and the performance verification on such carriers should be avoided.
FDD-FDD EN-DC
For FDD-FDD BCs UEs are required to support simultaneous Tx/Rx and no specific configurations shall be applied. Same time, we also note that for FDD-FDD intra-band CA case asynchronous operation is optional and, hence, for the test case configurations synchronous operation can be considered.
Summary

In summary, we think that the following framework shall be adopted to allow EN-DC performance requirements.
Proposal #1:
Use the following NR UE performance requirements framework for EN-DC within FR1
· EN-DC test configurations shall ensure that there is no RF interference between the LTE/NR carriers
· EN-DC UE demodulation requirements defined for TDD-TDD and FDD-FDD BCs only

· LTE and NR carriers for EN-DC are synchronous

· For TDD-TDD BCs, align the LTE TDD UL-DL configurations with NR such that DL/UL transmissions are aligned for all requirements including REFSENS, Normal Demodulation and SDR requirements. Use LTE UL-DL configuration #2

· For TDD-TDD case do not define the requirements where NR TDD configurations are not aligned with LTE, including at least
· REFSENS requirements with 60 kHz SCS

· Normal Demodulation and CSI requirements for 30kHz SCS and DDDSUDDSUU or DDDSU TDD configurations
2.2 EN-DC including FR2 and EN-DC including FR1 and FR2

In accordance to the RAN4 88bis agreements for the SDR tests “For interworking operation across FR1 + FR2 (e.g. EN-DC operation with FR2, FR1+FR2 CA), only FR2 carrier requirements can be testable considering test feasibility under Rel-15.” Overall, same conclusions apply for any requirements including normal demodulation requirements due to NR Test Methods constraint to provide performance verification on the FR1 link (LTE or NR) in the mmWave OTA test setup.
Proposal #2:
Use the following NR UE performance requirements framework for EN-DC including FR2

· No performance requirements for FR1 LTE or NR will be introduced

· Do not specify LTE/NR FR1 configuration for FR1 case (up to RAN5)

3 Conclusion

In this contribution we address the remaining open issues related to the NSA EN-DC interworking requirements testing. In summary, we make the following proposals:
Proposal #1:
Use the following NR UE performance requirements framework for EN-DC within FR1

· EN-DC test configurations shall ensure that there is no RF interference between the LTE/NR carriers

· EN-DC UE demodulation requirements defined for TDD-TDD and FDD-FDD BCs only

· LTE and NR carriers for EN-DC are synchronous

· For TDD-TDD BCs, align the LTE TDD UL-DL configurations with NR such that DL/UL transmissions are aligned for all requirements including REFSENS, Normal Demodulation and SDR requirements. Use LTE UL-DL configuration #2

· For TDD-TDD case do not define the requirements where NR TDD configurations are not aligned with LTE, including at least

· REFSENS requirements with 60 kHz SCS

· Normal Demodulation and CSI requirements for 30kHz SCS and DDDSUDDSUU or DDDSU TDD configurations

Proposal #2:
Use the following NR UE performance requirements framework for EN-DC including FR2

· No performance requirements for FR1 LTE or NR will be introduced

· Do not specify LTE/NR FR1 configuration for FR1 case (up to RAN5)
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