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1 Introduction

In the previous meeting multiple agreements on the NR UE Demodulation and CSI reporting test scenarios and common parameters were made [1-6]. In this contribution we provide views on the selected remaining open issues. 
2 Discussion

2.1 SA/NSA requirements

The Rel-15 requirements shall cover both SA and NSA (EN-DC) modes. In the previous meeting the following agreements on the SA/NSA requirements were made [6]:

	· 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 general, it is expected that there will be no difference in terms of normal demodulation performance for the SA/NSA and RAN4 should strive to define unified requirements (e.g. reuse basic demodulation requirements for SA/NSA modes). In addition, a limited set of interworking requirements shall be introduced to verify NSA-specific and SA-specific operation (e.g. NR/LTE SDR, NSA specific features incl. DL/UL sharing, single UL, etc.).

In particular, the following SA/NSA requirements framework is proposed:

· 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. LTE link is used for control purposes only. 
· From the test case description perspective the same sections / test cases can be used for SA / NSA requirements for most of the test cases. Additional test parameters shall be provided for the NSA case related to the setup for the LTE carrier parameters. The corresponding parameters at least shall include the duplexing mode and corresponding TDD UL-DL configuration. 
· To reduce the test effort, UE shall not be required to pass full set of test cases for both NSA and SA modes and test case applicability shall be further decided. One option is that UEs, which support both SA and NSA operation, are required to pass either NSA or SA requirements only. 

· SA/NSA SDR performance requirements

· Introduce both LTE and NR requirements for NSA mode.
· Additional test parameters shall be provided for the NSA case related to the setup for the LTE carrier parameters. The corresponding parameters at least shall include the duplexing mode and corresponding TDD UL-DL configuration, and associated PDSCH parameters.
· Performance requirements to verify specific LTE-NR DC NSA features (UL sharing between LTE and NR; SUL; Single UL transmission) can be introduced with lower priority at a later stage.
During the last meeting several concerns were raised whether noise free conditions are possible for the FR2 case. In the scope of NR Test Methods SI the following agreements on the FR2 EN-DC setup were made [TR 38.810], which confirm the previous meeting agreements on the noise free setup:

	-
For setups intended for measurements of UE demodulation and CSI characteristics in non-standalone (NSA) mode, an LTE link antenna is used to provide the LTE link to the DUT. The LTE link antenna provides a stable and noise-free LTE signal without precise path loss or polarization control. …


In general, the UE performance requirements are defined in a band and band combination agnostic manner. However, for some of the EN-DC band combinations UE may not support simultaneous Tx/Rx operation on the 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. One possible solution is to align the UL-DL configurations for the case of TDD carriers in LTE and NR. 
In addition, for some of the band combinations UE may not support simultaneous UL operation on LTE/NR carriers and allowed to implement single UL feature [7]. In case UE supports single UL transmission for LTE/NR the test setup may need to be adjusted to avoid simultaneous UL transmissions on the LTE and NR carriers and adjust the HARQ timing accordingly.
Proposal #1:
Use the following framework for SA/NSA requirements

· SA/NSA Normal demodulation / CSI reporting performance requirements

· Use noise-free LTE link for NSA mode for FR2.

· Test case applicability for UEs supporting SA/NSA operation is FFS.
· FFS if all SA requirements shall be tested for NSA case. 

· SA/NSA SDR performance requirements

· Introduce both LTE and NR requirements for NSA (EN-DC) case
· FFS: Impact of no support of simultaneous Tx/Rx and single UL transmission on the EN-DC requirements and test setups.
2.2 NR CA/DC and EN-DC requirements

NR technology supports single carrier, CA/DC and EN-DC (MR-DC) operation. Taking into account the Rel-15 timelines and amount of requirements to be introduced it is recommended to prioritize the following work:

1. NR single carrier normal demodulation performance requirements

2. EN-DC normal demodulation performance requirements with single NR carrier 
Note: as discussed above the requirement are similar to NR single carrier requirements.
3. SDR requirements for single carrier, CA and EN-DC
The work on the normal CA/DC demodulation performance requirements can be postponed (e.g. defined once base requirements are complete or postponed to the future releases).

NR UEs can support FR1 + FR2 CA and FR1 + FR2 EN-DC operation. Same time, the test methods supported in Rel-15 do not allow joint verification of UE performance in FR1 and FR2. In particular, the following agreements were made in the scope of the FR2 OTA test methods discussions [TR 38.810]:

	-
For setups intended for measurements of UE demodulation and CSI characteristics in non-standalone (NSA) mode, an LTE link antenna is used to provide the LTE link to the DUT. …. No performance verification for LTE carriers is supported.

-
For setups intended for measurements of UE demodulation and CSI characteristics in NR CA mode with FR1 and FR2 inter-band NR CA, test setup provides NR FR1 link to the DUT. … No performance verification for NR FR1 carriers is supported.


Therefore, no performance verification is possible for NR FR1 or LTE carriers and it is suggested not to introduce any test cases which require joint verification of FR1 and FR2 performance. So, we propose to deprioritize the SDR requirements for FR1 + FR2 NR CA and FR1 + FR2 EN-DC scenarios and FR2 SDR requirements shall be limited by the NR CA within FR2. Alternatively, RAN4 may introduce the respective requirements but the exact tests shall be skipped.
Proposal #2:
Prioritize the following requirements in Rel-15
1. NR single carrier normal demodulation performance requirements

2. NSA EN-DC normal demodulation performance requirements with single NR carrier

3. SDR requirements for single carrier, CA and EN-DC

NR CA/DC normal demodulation requirements are deprioritized in Rel-15



FFS whether to introduce SDR requirements for FR1 + FR2 NR CA and FR1 + FR2 EN-DC scenarios. If requirements are introduced, do not perform conformance tests.
2.3 UE SCS/CBW

NR supports a large set of possible DL/UL CBW/SCS combinations. In the previous meetings downselection of the CBW/SCS combinations for requirements definition was made:

	· Default configurations

· FR1 FDD: 15 kHz SCS + 10 MHz CBW
· FR1 TDD: 30 kHz SCS + 40 MHz CBW

· FR2: 120 kHz SCS + 100 MHz CBW

· Additional test case(s) 

· FR1 FDD: 30 kHz SCS + 20 MHz CBW

· FR1 TDD:

· 30 kHz SCS + 20 MHz CBW 

· FFS for 30 kHz SCS + 100 MHz CBW 

· FR2

· 120 kHz SCS + 50 MHz CBW

· 120 kHz SCS + 200 MHz CBW

· 60 kHz SCS + 50 MHz CBW 

· Other combinations can be considered based on operators’ request


The main idea of the previous meeting decisions was to define a default set of SCS/CBW combinations to be used for all requirements definition and define additional set of combinations to be tested under a limited set of requirements. The set of additional SCS/CBW combinations can be further extended in the future and, hence, the set of tested requirements shall be minimized. In particular we suggest to define 1 test per each combination to ensure the PDSCH performance under low-med SNR conditions (e.g. QPSK 1/3) under fading environment. 

Proposal #3:
Use default SCS/CBW set to define the base UE performance requirements. Define 1 test per each identified CBW/SCS combination to ensure QPSK 1/3 PDSCH performance under fading environment.
2.4 FR1 2RX and 4RX requirements

In RAN4 #87 we provided a detailed discussion on the FR1 2RX and 4RX requirements scope [7]. Some of the proposals were agreed in the last meeting (PDSCH is scheduled in each subrame for PDCCH). Below, we summarize the respective proposals that should be further discussed:
Proposal #4:
Do not define 4RX PBCH requirements.


The 4RX test cases are defined under condition where 4RX provides substantial performance gains over 2RX
· Focus on 4x4 low antenna correlation scenarios

· Do not consider 4x4 high correlation scenarios



UE which passed 4RX tests shall not be required to pass the 2RX tests with similar test purpose. 
2.5 RF impairments

In the previous RAN4 meeting the following agreement were reached on RF impairments for FR2 [8]:

	· Use the following RF impairments models to define the minimum UE performance requirements for FR2

· Option 1:

· Total TX EVM = [6]% for QPSK/16QAM/64QAM. 

· Total TX EVM = Tx EVM due to phase noise after CPE compensation + remaining Tx EVM

· Phase noise is explicitly modelled for Tx and Rx for alignment simulations. Use phase noise model #2 as defined in TR 38.803 for FR2 demodulation performance tests. 

· Remaining TX EVM in addition to Phase noise is modelled as AWGN: 

· [5]% for CF 24, 29 GHz, 39 GHz, [4]% for CF 52 GHz

· Option 2: 

· Total TX EVM = [6]% for QPSK/16QAM/64QAM. 

· TX EVM is modelled as  AWGN

· No Tx phase noise is modelled

· Phase noise is explicitly modelled for Rx. Use phase noise model #2 as defined in TR 38.803 for FR2 demodulation performance tests. 

· Option 2-1: Rx Phase noise is modelled for requirements definition

· Option 2-2: Rx Phase noise is modelled only to find feasible FRC configuration (i.e. achieve maximum throughput and loss in comparison to scenarios without Rx phase noise is less than 1 dB)

· Other options are not precluded


The drawback of Option 1 is that each TE vendor has own Tx phase noise model, which can be different in comparison with model from TR 38.803. Therefore, Tx assumptions which is used for requirements definition and for testing can be different. Based on such observation, we prefer Option 2.

For Option 2 we have two sub-options: RX phase noise is modelled for requirements definition or to find feasible FRC configuration. In LTE usually companies provide results without RX imperfections for simulation alignment and then add impairment margin for requirements definition. For most LTE scenarios RF impairments don’t affect feasibility of test setup (i.e. maximum throughput is achievable for scenarios with and without RF impairments). For NR, based on analysis from [5], we can observe that phase noise may significantly affect PDSCH performance. Therefore, it is rather import to model Rx phase noise explicitly. If Option 2-2 is used then it will lead to double work in results preparation, because we need to have results with and without RX phase noise. Therefore, we propose to use Option 2-1 for requirements definition.

Proposal #5:
Use the following option for RF impairments models
· Total TX EVM = 6% for QPSK/16QAM/64QAM. 

· TX EVM is modelled as AWGN

· No Tx phase noise is modelled

· Phase noise is explicitly modelled for Rx. Rx Phase noise is modelled for requirements definition

2.6 Multi-path channel emulation complexity

Multi-path channels emulation has strong impact on the TE complexity. The overall complexity depends on the target test setup (the number of TX/RX ports, number of CC, CBW, number of TRPs, etc.) and the number of taps for the channel models. It is desirable to ensure that NR conformance testing could be supported using lower complexity TE solutions based on baseband multi-path channels emulation. The selection of the respective test parameters shall be done taking into account the TE implementation feasibility. In particular, inputs from TE vendors on the feasible number of faders shall be taken into account.

The required number of independent fader paths NFaders can be estimated as follows:

NFaders = NTX * NRX * NCC * NCells
· NRX – number of RX ports (2 or 4 for FR1, 2 for FR2) 

· NTX – number of TX ports (up to 8 for FR1, 2 for FR2)

· NCells – number of emulated cells in the test (so far test cases with 1 cell are considered)

· NCC – number of emulated CC (so far single carrier test cases are considered).

For LTE Rel-14 UE performance requirements the maximum number of required faders is equal to 64 and corresponds to the case for E-FD-MIMO PMI test cases with 32 TX ports and 2 RX ports (NTX = 32, NRX = 2; NCell = 1; NCC = 1). 
For NR UE performance requirements - based on current assumptions the test cases may require up to 32 independent fader paths (NTX = 8, NRX = 4; NCell = 1; NCC = 1) which does not exceed the LTE assumptions. 
In accordance to the test equipment vendors feedback the maximum number of supported faders for Rel-15 testing is equal to 64 faders [9]:

	2.
Key parameters 

From Test system viewpoint, we see the following as the key parameters related to complexity, and suggest values as below:

· Maximum Channel Bandwidth in one carrier: 400MHz

· Carrier aggregation: Maximum 8CCs

· Maximum total number of faded paths: 64

· Maximum number of taps for each faded path: 12, as agreed in R4-1809398 [1]

· Maximum number of transmitters: 8Tx

· Maximum number of UE Rx antennas: 4Rx for FR1 (connected), 2Rx for FR2 (over-the-air)

Notes:

1 faded path corresponds to 1 CC with I and Q components, from 1TX antenna to 1RX antenna
The number of transmitters is internal to the test equipment, and represents the inputs to the faded paths.

The values given above can be reasonably implemented within a conformance test system. Larger configurations are not precluded, but will result in a significant increase in complexity. 

3.
Way Forward

· We suggest that RAN4 take these values into account when setting demodulation and CSI requirements.


We suggest to follow the suggestion and limit the maximum number of emulated faders to 64 for FR1 and further discuss whether same or smaller number the number of faders for FR2 systems. In addition, we suggest to further discuss whether restrictions on the other parameters (number of TX ports, number of CCs, aggregated CBW) shall be introduced.
Proposal #6:
For Rel-15 requirements the maximum number of emulated faders for FR1 is [64] and FFS for FR2. FFS if additional constraints on test setup are needed to limit test systems complexity.
2.7 Requirements applicability

The LTE TS 36.101 specification structure has changed a lot since the Rel-8 and multiple new features/requirements were introduced. In accordance to our observations there are no clear stable principles on how to add the requirements for the new features and, hence, sometimes it is done differently for different WIs/features. For example, the DL demodulation performance requirements (except MBMS) are captured in the TS 36.101 Section 8, while the SL demodulation requirements are split into multiple Sections 11, 12, and 14. Furthermore, requirements for some of the features (e.g. eMTC) are introduced as new sub-sections in the Section 8, while some of the features are introduced in a way of adding new PDSCH/PDCCH/etc test cases. Using multiple different approaches complicates the specification and makes it more difficult for a reader to understand the scope of the requirements and associated applicability rules. In our view, RAN4 should define clear principles of adding new test cases for the new features which are expected to come after the performance part of the Rel-15 WI is complete. For example, it would be beneficial to clearly state the feature/WI for each test case to clarify the test applicability rules. 

In addition, the existing performance requirements applicability rule are not very transparent and RAN4 should further discuss a methodology to improve test case applicability for NR. One of possible approaches would be to introduce and clear mapping between the particular UE capabilities or combinations of capabilities with the associated test cases.

The following approach is suggested to specify the requirements applicability:
· Explicitly specify the WI code in the title of the requirements section, e.g. 

· 5.2.2.1.1
Minimum requirements for PDSCH [NR_newRAT]

· …

· 5.2.2.1.X
Minimum requirements for PDSCH [NR_REL16_WI]

· Introduce dedicated Requirements Applicability sections for as a part of General sections 5.1, 6.1, 7.1, 8.1, etc 

· The applicability rules shall provide a clear mapping between the supported UE features / capabilities and required set of tests to be executed including the set of specific test cases and the set of base test cases that can be skipped.

· For instance, the following format of feature applicability tables can be used for normal demodulation and CSI requirements:

	UE feature/capability
	Test type
	Test list
	Applicability notes

	UE features or a set of UE features
	FR1 FDD
	PDSCH
	Test X
	Set of test cases that can be skipped

	
	
	PDCCH
	Test Y
	

	
	FR1 TDD
	PDSCH
	Test X
	

	
	
	PDCCH
	Test Y
	

	
	FR2 TDD
	PDSCH
	Test X
	

	
	
	PDCCH
	Test Y
	


Proposal #7:
Explicitly specify the WI code in the title of the requirements section in the TS 38.101-4. 

Proposal #8:
Introduce dedicated Requirements Applicability sections for as a part of General sections 5 to provide information on the mapping between the set of supported UE features and associated performance requirements.
3 Conclusion

In this contribution we provided views on the NR UE performance requirements scenarios and focus on the general scope of requirements and target scenarios. In summary, we make the following proposals:
Proposal #1:
Use the following framework for SA/NSA requirements

· SA/NSA Normal demodulation / CSI reporting performance requirements

· Use noise-free LTE link for NSA mode for FR2.

· Test case applicability for UEs supporting SA/NSA operation is FFS.
· FFS if all SA requirements shall be tested for NSA case. 

· SA/NSA SDR performance requirements

· Introduce both LTE and NR requirements for NSA (EN-DC) case

· FFS: Impact of no support of simultaneous Tx/Rx and single UL transmission on the EN-DC requirements and test setups.

Proposal #2:
Prioritize the following requirements in Rel-15
4. NR single carrier normal demodulation performance requirements

5. NSA EN-DC normal demodulation performance requirements with single NR carrier

6. SDR requirements for single carrier, CA and EN-DC

NR CA/DC normal demodulation requirements are deprioritized in Rel-15



FFS whether to introduce SDR requirements for FR1 + FR2 NR CA and FR1 + FR2 EN-DC scenarios. If requirements are introduced, do not perform conformance tests.
Proposal #3:
Use default SCS/CBW set to define the base UE performance requirements. Define 1 test per each identified CBW/SCS combination to ensure QPSK 1/3 PDSCH performance under fading environment.
Proposal #4:
Do not define 4RX PBCH requirements.


The 4RX test cases are defined under condition where 4RX provides substantial performance gains over 2RX
· Focus on 4x4 low antenna correlation scenarios

· Do not consider 4x4 high correlation scenarios



UE which passed 4RX tests shall not be required to pass the 2RX tests with similar test purpose. 
Proposal #5:
Use the following option for RF impairments models

· Total TX EVM = 6% for QPSK/16QAM/64QAM. 

· TX EVM is modelled as AWGN

· No Tx phase noise is modelled

· Phase noise is explicitly modelled for Rx. Rx Phase noise is modelled for requirements definition

Proposal #6:
For Rel-15 requirements the maximum number of emulated faders for FR1 is [64] and FFS for FR2. FFS if additional constraints on test setup are needed to limit test systems complexity.
Proposal #7:
Explicitly specify the WI code in the title of the requirements section in the TS 38.101-4. 

Proposal #8:
Introduce dedicated Requirements Applicability sections for as a part of General sections 5 to provide information on the mapping between the set of supported UE features and associated performance requirements.
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