Page 1

3GPP TSG-RAN WG4 Meeting #86

R4-1801758
Athens, Greece, 26 February – 2 March 2018

Agenda item:
7.9.13.2
Source:
Intel Corporation
Title:
Views on NR UE performance requirements
Document for:
Discussion
1 Introduction
The NR WI performance part is expected to start in RAN4 #86bis (April 2018). In this contribution we provide preliminary views on the NR UE performance requirements work scope to facilitate early discussions on the topic.

2 Discussion

In this contribution we provide views on the scope of NR UE performance requirements and address the following questions in the sections below:

· General aspects and scenarios

· Channel models

· PDSCH demodulation requirements

· DL Control channel demodulation requirements

· CSI reporting requirements

2.1 General aspects and scenarios
The summary of our views on the test scope and scenarios is provided in Table 1.

Table 1: NR UE performance requirements general aspects and scenarios
	Question
	Comments

	Test methodology
	FR1: Similar to the LTE, conducted test methodology shall be used. OTA E2E performance requirements can be considered in the future releases similar to LTE.

FR2: The requirements shall be based on the OTA / radiated test methodology which is being defined in the scope of the NR Testability SI. Based on the RAN4 AH1801 agreements a simplified baseband verification test method (“cable replacement”) will be used. Full OTA E2E verification methodology can be considered in the future releases once the devices are available in the market. 

	Types of performance requirements
	Similar to LTE the following types of requirements shall be introduced for NR:
· PDSCH demodulation requirements (see Section 2.3)

· DL control channel demodulation requirements (see Section 2.4)

· CSI reporting requirements (see Section 2.5)

	NR operation scenarios
	FR1 & FR2
· The performance requirements shall cover both FR1 and FR2.

· Assuming that FR2 test methodology is still under development, we recommend the following staged approach for the requirements definition:

· Stage 1: Define FR1 performance requirements
· Stage 2: Proceed with FR2 and FR1/FR2 interworking performance requirements once the FR2 demodulation test methodology is completed.
· The FR1 requirements are expected to be band agnostic. RAN4 needs to further investigate whether the FR2 requirements can be defined in a frequency agnostic manner since the RF impairments (e.g. phase noise) may substantially vary across supported bands.

· The amount of FR2 requirements shall be minimized in order to reduce overall UE verification time and cost.
SA & NSA
· The requirements shall cover both SA and NSA (LTE-NR DC) modes. 
· Relatively small difference in terms of normal demodulation performance is expected for SA/NSA and RAN4 should strive to define unified requirements (e.g. reuse basic demodulation requirements for SA/NSA).
· A limited set of interworking requirements shall be introduced to verify NSA/SA specific operation (e.g. NR/LTE SDR, NSA specific features incl. DL/UL sharing, single UL, etc.). 
Single carrier & Carrier aggregation

· Rel-15 work shall focus on the following requirements
1. Single carrier performance requirements
2. SDR requirements (single carrier and CA) 

· Normal CA demodulation performance requirements can be postponed (e.g. defined once base requirements are complete or postponed to Rel-16).

	Propagation conditions
	Channel models: NR TDL channel models based on TR 38.901 shall be supported. FFS if any modifications to the channel models are needed. See details in Section 2.2.
MIMO modelling: Channel and MIMO models shall allow control of TX/RX correlation to allow BB features verification under various conditions. See details in Section 2.2.

	Deployment scenarios
	Single TRP / Multi TRP

· First priority: Single TRP scenarios 

· Second priority: CoMP based scenarios (DPS)
Interference conditions

· Rel-15 requirements should cover at least noise-limited scenarios. 

· Interference-limited scenarios can be considered with lower priority with the purpose to verify basic IRC functionality. Other interference scenarios can be deprioritized in the Rel-15 scope.

	General NR features
	The following general features can be considered for the NR requirements definitions:

· Duplexing

· FR1: FDD and TDD

· FR2: TDD only

· Multiple SCS support: The requirements shall cover the following SCS:

· FR1: 15/30/60 kHz

· FR2: 60/120 kHz

· Mixed numerologies operation for Data/Data: Focus on the single numerologies scenarios from the UE perspective. Mixed numerologies operation for Data/Data channels can be considered with the 2nd priority. TDM of mixed numerologies is supported only and can be considered for requirements definition, while FDM of mixed numerologies for the single CC is not supported in Rel-15 and shall not be considered.

· Mixed numerologies operation for Data/SSB: UE capabilities are under discussion and FFS if dedicated requirements need to be introduced. By default it shall be assumed that Data/SSB have same numerology or Data is not scheduled simultaneously with SSB 
· Multiple CBW support: NR supports a wide set of DL/UL CBW. The performance requirements shall focus on a subset of CBW values which need further discussion. Meantime, the RF test may cover different CBW in order to ensure proper UE feature test coverage.
· Wideband operation / BWP concept: The requirements shall allow functional verification of the wideband operation / BWP functionality.
· LTE-NR DC

· Define NR requirements only for normal demodulation test (i.e. no LTE requirements).

· Introduce both LTE and NR requirements for SDR tests.
· FFS if additional LTE-NR DC features need to be tested: DL/UL sharing between LTE and NR; SUL; Single UL transmission.

· Flexible slot configuration: The requirements shall focus on semi-static slot configuration, while dynamic slot reconfiguration can be considered with the 2nd priority.

	Reference UE receiver assumptions
	Number of RX chains

· FR1: Introduce both 2RX and 4RX requirements. Requirements applicability is up to UE capabilities (e.g. band / BC specific). 

· FR2: 

· Antenna arrays: Number of RX antennas in the antenna array shall be transparent and left up to UE implementation. 

· Number of UE RX ports per panel: Consider 2RX and 1RX antenna ports per panel to define the requirements.
· Number of antenna panels: For Rel-15 a single active RX panel will shall be considered for the requirements definition. Larger number of panels may be considered in the future releases.

· RAN4 shall define the requirements in way to simplify further requirements extension to a different number of RX chains. 
Receive beam management

· FR1: No RX beam management considered for FR1 requirements definitions similar to LTE (i.e. RX beam management is transparent and up to UE implementation).
· FR2: The performance requirements shall be defined under assumption of fixed RX beam (beam lock).

	RF impairments
	The performance requirements shall be defined under practical TX/RX RF impairments assumptions. 
For FR1 the general TX EVM methodology could be reused. 
For FR2 in addition to TX EVM the requirements shall take into account TX/RX phase noise which needs to be explicitly modelled. RAN4 shall further discuss the appropriate phase noise models. The models in the TR 38.803 can be used as the starting point.



Proposal #1:
NR UE performance requirements shall cover

· PDSCH demodulation, DL Control channel demodulation, CSI reporting

· FR1 and FR2

· SA and NSA operation

· Single carrier & Carrier aggregation (SDR only)
· Single TRP / Multi TRP scenarios.
· 2RX and 4RX requirements for FR1. 1RX and 2RX requirements for FR2.
· Practical gNB/UE RF impairments models

2.2 Channel models
The summary of our views on the channel models for RAN4 requirements is provided in Table 2.

Table 2: Channel models for NR Performance requirements

	Question
	Comments

	Propagation conditions
	Channel models

· Static and Fading channel models shall be used for NR channel modelling depending on the type of test

· Use static channel models for LTE for LTE-NR DC test cases

· Use static channel models for SDR test cases

Fading channel models for NR Test Cases

· The NR channel models based on the models define in the TR 38.901 would be more suitable for defining NR test requirements. The existing LTE channel models defined in the TS 36.101 have fixed delay spread, whereas the NR channel models use a scale factor to define delay spread which might be more suitable in multiple SCS scenarios.

NR TDL vs CDL channel models

· TDL channel models are sufficient for evaluation in FR1

· TDL channel models could be used for tests without TX/RX beamforming

· TDL channel models can model different antenna correlation levels used for baseband verification

· CDL channel models are better suited for link level performance evaluation with beamforming as geometry, angles of arrival and departure are modelled

· Channel models used for FR2 would also depend on outcome of Testability SI

· TDL LOS models are well suited to capture propagation conditions with beam-forming in FR2

Mobility

· For FR1 from low to high mobility conditions shall be considered. The applicable mobility assumptions for FR2 shall be further discussed.

	NR TDL channel model 
	Channel model modification

· FR1: TDL channels could be further simplified to reduce the number of paths

· FR2: 

· TDL channels could be modified taking into account the effect of TX/RX beamforming on the following:

· Doppler spread transformation into Doppler shift

· Smaller delay spread and number of taps

· TDL LOS Models can be simplified to reduce the number of paths
Antenna array models

Single and dual polarized antenna configuration can be considered. MIMO correlation modelling for TDL channel is similar to the approaches defined in the TS 36.101

	Open Items
	In case channel model is updated, a calibration campaign might be required to align on the implementations among different companies


Proposal #2:
Channel models based on NR TR 38.901 shall be supported 

· FR1: Use TDL based models

· FR2: Use TDL LOS models 

· FFS if any modifications to the channel models are needed to reduce complexity

2.3 PDSCH demodulation performance requirements

The summary of our views on the PDSCH demodulation performance requirements is provided in Table 3.

Table 3: NR UE PDSCH demodulation performance requirements
	Question
	Comments

	Types of requirements and test purposes
	The following types of tests are recommended:

1) Base functionality tests

· Test purpose: The base tests should ensure sufficient test coverage of the key NR features. The test should focus on the mandatory set of features. The set of target features is provided below.

· Test metric: Reuse LTE test metric (SNR @ X% of the max throughput)

2) SDR (peak data rate) tests
· Test purpose: SDR test should ensure that UE can reach certain peak data rate transmission based on declared UE category.

· Test metric: Reuse LTE test methodology and metric (noise free, X% of the max throughput)

	Receiver assumptions
	Number of MIMO layers

· FR1: Up to 2 MIMO layers for 2RX chains and up to 4 MIMO layers for 4RX chains shall be considered

· FR2: 1 and 2 MIMO layer requirements 
Receiver algorithm
· The baseline PDSCH requirements shall be based on LMMSE-IRC. FFS if R-ML SU-MIMO requirements shall be considered from the initial release. Enhanced receivers can be considered in the future releases similar to LTE.
Soft buffer

· In accordance to RAN1 agreements “Details of soft buffer dimensioning are up to UE implementation. RAN1 recommends RAN4 to define suitable test cases.” Hence, RAN4 should further discuss the UE implementation assumption and define the test cases accordingly.

	Key features to be tested
	The “Base” functionality PDSCH demodulation tests should aim to verify the following features:
PDSCH physical format
· Modulation schemes

· FR1: Define tests for all supported modulation schemes (QPSK, 16QAM, 64QAM and 256QAM)

· FR2: Define test cases for QPSK/16QAM/64QAM. TX/RX phase noise may provide significant impact on scenarios with 256QAM and respective requirements are recommended to be deprioritized.

· LDPC channel coding: PDSCH channel coding is based on LDPC principles. Two LDPC base graphs (BGs) were defined to ensure proper performance under different CRs and TBSs. PDSCH demodulation performance requirements should be defined under various TBS and coding rate assumption to verify support of both BGs at the UE side.
PDSCH scheduling & HARQ mechanisms
· Flexible scheduling time/frequency resource allocation. NR supports flexible frequency and time resource allocation procedures 
· Dynamic indication of resources in BWPs (bandwidth part)

In NR the channel bandwidth can be divided into bandwidth parts (BWPs) which may occupy the full CBW or a subset of available resources. Different BWPs might have different SCS. In each time interval only a single BWP can be active for the selected UE in one CC.. 
· Slot based and non-slot based scheduling.

”Slot” and “non-slot” based time domain scheduling methods are supported in NR. For slot based scheduling PDSCH transmission can start from symbols 0, 1, 2 or 3 and can occupy up to 14 consecutive OFDM symbols. For the non-slot based scheduling PDSCH transmission can start from any symbol in the range from 0 to 12} and can occupy 2, 4 or 7 OFDM symbols.

· DL slot aggregation (TTI bundling).
Similar to LTE UL and CE mode, NR supports transmission of one transport block using multiple aggregated slots. 
· TBS determination: The requirements shall cover new mechanisms for the TBS determination with dynamic TBS recalculation for the given MCS given overhead for the particular PDSCH transmission.
· PDSCH rate-matching. Based on NR design PDSCH shall be rate matched over DMRS, ZP and NZP CSI-RS, PTRS, SS/PBCH and special higher-layer configured “reserved” REs.

· HARQ ReTx. NR supports flexible HARQ operation:
· Adaptive HARQ. Similar to LTE, NR supports adaptive HARQ with ReTx done in different time/frequency resources.
· Configurable maximum number of HARQ processes: In LTE the maximum number of HARQ processes for DL is fixed to 8. In NR the maximum number of HARQ processes is configurable between 2, 4, 6, 8, 10, 12 and 16.

· CBG-based HARQ: On top of conventional LTE-like TB-based HARQ retransmission mechanism, a code block group (CBG) based retransmissions mechanism is supported in NR when UE reports ACK/NACK for groups of the code blocks in the TB. Using such feedback mechanism gNB retransmits only a part of the TB and UE should apply LLR combining for the respective CBs only.
· DL Preemption Indication. URLLC transmissions from gNB may have higher priority than eMBB and a part of eMBB PDSCH symbols/REs colliding with URLLC REs may be punctured. gNB may transmit DL Preemption Indication via Group Common PDCCH (GC-PDCCH) to inform UE about such situation and UE is expected to exploit this information during the associated PDSCH retransmission to improve the demodulation performance.

MIMO and Reference signals

· DMRS: Based on current status of TS 38.211 (Section 7.4.1.1), PDSCH DMRS configuration is rather flexible and can be changed depending on scenarios. It is not necessary to define demodulation test cases for each DMRS pattern. At least the test cases for the mandatory DMRS configurations shall be defined.
· PTRS: Phase tracking RSs were introduced to facilitate common phase error (CPE) compensation due to phase noise in scenarios with high carrier frequency (FR2). The PDSCH test cases should ensure that UE performs proper phase noise compensation using PTRS for FR2.

· TRS: Tracking reference signals were introduced for the time/frequency tracking purposed. Based on current NR design, TRS is CSI-RS with restricted configuration. TRS can be configured to facilitate correct time/frequency offset estimation for some test cases.
· PRB bundling: NR supports configurable PRB bundling size. The requirements shall focus on the semi-statically configured size.
· Quasi-colocation: NR supports quasi-colocation mechanism similar to LTE and should be considered for verification. 


Proposal #3:
Define NR UE PDSCH demodulation performance requirements
· Types of requirements: Base functionality demodulation test cases, SDR test cases

· Reference receiver: LMMSE-IRC. FFS for R-ML SU-MIMO requirements.
· Tested features: PDSCH physical format (modulation, LDPC FEC), PDSCH scheduling & HARQ mechanisms (Flexible scheduling time/frequency resource allocation, TBS determination, PDSCH rate-matching, HARQ ReTx, DL Preemption Indication), MIMO and Reference signals (DMRS, PTRS, TRS, PRB bundling, Quasi-colocation)
2.4 DL Control demodulation performance requirements

The summary of our views on the DL control channels demodulation performance requirements is provided in Table 4.

Table 4: NR DL Control channel performance requirements
	Question
	Comments

	Downlink Physical Channels 
	The following physical channels shall be tested:

1) PBCH
· Introduce performance tests like in LTE
· Further discuss whether to introduce conformance test and special test loop mode
2) PDCCH
· Introduce performance requirements to verify basic PDCCH reception functionality for DL PDSCH scheduling grants

· DCI formats 1_0, 1_1

· Reuse LTE performance metrics (SNR @ X% of Pm-dsg)

· The reception of the respective DCI formats 2_0, 2_1 can be verified as a part of PDSCH demodulation tests (e.g. with configurable slot formats, DL preemption indication)

	Receiver assumptions
	PDCCH receiver

· The baseline PDCCH requirements shall be based on LMMSE.

PBCH receiver
· The baseline PBCH requirements shall be based on LMMSE.

· Further discuss if PBCH decoding should include soft combining 

	Key Features to be tested
	The performance tests shall test the following key features:

PBCH

· DMRS Sequence detection – Tests to verify DMRS sequence detection
· PBCH Detection – Tests to verify PBCH decoding performance
· Performance with different SSB periodicities – 5, 20, 80ms

PDCCH

· PDCCH DCI Formats: 1_0, 1_1
· Search Space

· Common Search Space (Type 1, 3)
· UE Specific Search Space

· Aggregation Level: 1, 2, 4, 8, 16
· CCE-to-REG Mapping
· Interleaved

· Non-interleaved

· CORESET configuration

· Slot based
· Symbol based
· Precoding granularity / REG Bundling for Channel Estimation

· Beamforming assumption - Precoder cycling, fixed precoder

· Further discuss if RMSI reading test need to be introduced to verify RMSI reading


Proposal #4:
Define NR UE PBCH demodulation and PDCCH demodulation performance requirements
2.5 CSI reporting performance requirements
The summary of our views on the CSI reporting performance requirements is provided in Table 5.

Table 5: NR UE CSI reporting performance requirements
	Question
	Comments

	Types of requirements and test purposes
	The CSI tests should ensure sufficient test coverage of the key NR CSI reporting features. The test should focus on the mandatory set of features.

The following types of CSI reporting requirements shall be considered:

· Channel quality indicator (CQI) reporting 

· Precoding matrix index (PMI) reporting

· Rank indication (RI) reporting 

· CSI-RS resource indicator (CRI) reporting

· Strongest layer indication (SLI) reporting

· L1-RSRP reporting

	Key features to be tested
	CSI reporting tests should aim to verify the following features:
General

· Define test cases to cover different CSI reporting configuration: periodic, semi-persistent, and aperiodic.

CQI Tests
· Define Wideband CQI tests:
· Define CQI tests that a single CQI is reported for each codeword for the entire CSI reporting band. 
· Define Subband CQI tests: 
· Define CQI tests that one CQI for each codeword is reported for each subband in the CSI reporting band;

· For subband mode, there are different possible/configurable subband sizes depending on the total number of PRBs in the carrier bandwidth. Define CQI tests for different subband sizes (in terms of number of PRBs).

· Define CQI tests considering two new 4-bit CQI tables, respectively:

· Maximum modulation order 64QAM;

· Maximum modulation order 256QAM.

· Need to consider two different target BLER requirements for CQI tests for URLLC.
PMI Tests

· Define Wideband PMI tests:
· Define PMI tests that a single PMI is reported for the entire CSI reporting band. 

· Define Subband PMI tests: 
· Except cases with 2 antenna ports, define PMI tests that a single wideband indication is reported for the entire CSI reporting band and one subband indication is reported for each subband in the CSI reporting band;

· For cases with 2 antenna ports, define PMI tests that a PMI is reported for each subband in the CSI reporting band;

· Define PMI tests considering different subband sizes (in terms of number of PRBs).

· Define PMI test for up to 32 CSI-RS antenna ports

· Define tests cases for different codebooks (Type I, Type II)

RI Tests

· Define RI tests:
· Define accuracy RI reporting tests that are determined by the relative increase of the throughput obtained by transmitting based on the reported rank compared to that based on a fixed rank. 

Other Issues
· Study and compare the throughput performance difference with and without accurate strongest layer indicator applied, in order to justify if the throughput performance difference is large enough for tests.

· L1-RSRP reporting is introduced for beam management, particularly in FR2. It is necessary to study the viable procedure and metric for L1-RSRP reporting tests. One option could be to align with the procedure and metric determined by the RRM RSRP performance test.


Proposal #5:
NR UE CSI reporting requirements with CQI, PMI and RI reporting are prioritized.

3 Conclusion

In this contribution we provide preliminary views on the NR UE performance requirements work scope and raise a number of questions to facilitate early discussions on the topic. In summary we make the following proposals:
Proposal #1:
NR UE performance requirements shall cover

· PDSCH demodulation, DL Control channel demodulation, CSI reporting

· FR1 and FR2

· SA and NSA operation

· Single carrier & Carrier aggregation (SDR only)
· Single TRP / Multi TRP scenarios.
· 2RX and 4RX requirements for FR1. 1RX and 2RX requirements for FR2.

· Practical gNB/UE RF impairments models

Proposal #2:
Channel models based on NR TR 38.901 shall be supported 

· FR1: Use TDL based models

· FR2: Use TDL LOS models 

· FFS if any modifications to the channel models are needed to reduce complexity

Proposal #3:
Define NR UE PDSCH demodulation performance requirements
· Types of requirements: Base functionality demodulation test cases, SDR test cases

· Reference receiver: LMMSE-IRC. FFS for R-ML SU-MIMO requirements.
· Tested features: PDSCH physical format (modulation, LDPC FEC), PDSCH scheduling & HARQ mechanisms (Flexible scheduling time/frequency resource allocation, TBS determination, PDSCH rate-matching, HARQ ReTx, DL Preemption Indication), MIMO and Reference signals (DMRS, PTRS, TRS, PRB bundling, Quasi-colocation)
Proposal #4:
Define NR UE PBCH demodulation and PDCCH demodulation performance requirements

Proposal #5:
NR UE CSI reporting requirements with CQI, PMI and RI reporting are prioritized.
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