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1 Introduction

In this contribution we provide preliminary views on the NR UE demodulation performance requirements scenarios. In particular we address the following topics:

· PDSCH UE demodulation requirements
· DL Control Channels UE demodulation 

· PDCCH UE demodulation requirements;
· PBCH UE demodulation requirements.
General scenarios, channel models and CSI reporting requirements are addressed in the companion papers [1-3]
2 PDSCH demodulation performance requirements

2.1 Types of requirements and test purposes
The following PDSCH tests are recommended to be introduced:

1) Normal PDSCH demodulations tests

· Test purpose: The base tests should ensure sufficient test coverage of the key NR features and guarantee the minimum performance under fading channel conditions. The test should focus on the mandatory set of features which is provided in section 2.3.

· Test metric: Reuse LTE test metric (SNR @ X% of the max throughput). Similar to LTE, the test metric can be measured using calculation of the number of received HARQ ACK/NACKs.
2) SDR (peak data rate) tests
· Test purpose: SDR test should ensure that UE can reach its peak data rate transmission based on the declared UE capabilities.

· Test methodology: Different UEs may have different capabilities in terms of the supported number of carriers, number of MIMO layers, aggregated channel bandwidth, scaling factors. RAN4 will need to define a unified methodology for SDR testing.
· Similar to LTE the main purpose is to test UE peak rate capabilities and noise free conditions shall be assumed.
Proposal #1:
Define the following NR UE PDSCH demodulation performance requirements
· Normal PDSCH demodulation requirements under fading channel conditions

· SDR requirements under noise-free static conditions
2.2 Reference UE receiver assumptions
Maximum number of MIMO layers

In the companion paper [1] it is recommended to define the requirements under the following RX ports assumptions:

· FR1: 2RX and 4RX requirements

· FR2: 2RX ports requirements under assumption of single RX antenna panel

Taking into account such proposal on number of RX antennas we propose to consider the following assumptions on the maximum 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: Up to 2 MIMO layer requirements 
Proposal #2:
Use following assumption on maximum number of MIMO layers for Rel-15 PDSCH requirements definition:
· FR1: Up to 2 MIMO layers for 2RX UE and up to 4 MIMO layers for 4RX UE

· FR2: Up to 2 MIMO layer requirements 
Receiver algorithm

In LTE the initial Rel-8 performance requirements were defined under assumption of the base LMMSE-MRC receivers. In the subsequent releases multiple enhanced receivers were introduced to improve the performance in the presence of intra-cell (for example, SU-MIMO and MUST) and inter-cell interference (for example, NAICS) including LMMSE-IRC, RML and SL-IC. 
In LTE extensive studied on the receiver enhancements for SU-MIMO scenarios were done [4-5]. In particular it was confirmed that Type C (R-ML) receivers may provide noticeable performance improvement for the SU-MIMO scenarios for UEs equipped with 2 and 4 RX antennas. Using enhanced RML receiver is transparent to the network and does not require any modifications in the physical layer design. It is recommended to specify both RML and LMMSE SU-MIMO requirements from the very initial NR release.

MU-MIMO is considered to be an important part of the NR design. The performance requirements can be based on the base LMMSE-IRC receiver without additional optimizations for MU-MIMO interference handling. DMRS based interference covariance matrix estimation can be considered.
Multiple enhancement for inter-cell interference handling were introduce in LTE including LMMSE-IRC, NAICS (R-ML, SL-IC) and CRS-IC. Taking into account more complicated inter-cell interference environment in NR where different cells may have non-aligned SCS transmissions, different DMRS patterns, etc, we suggest to focus on the base  LMMSE-IRC receivers with DMRS based interference covariance matrix estimation.
In summary, the following receiver framework is proposed for the Rel-15 UE performance requirements definition:
	Scenario
	Reference receiver

	Intra-cell SU-MIMO
	Rank 1: LMMSE

Rank 2+: Both LMMSE-IRC and R-ML 

	Intra-cell MU-MIMO
	LMMSE-IRC with DMRS based interference covariance matrix estimation

	Inter-cell
	LMMSE-IRC with DMRS based interference covariance matrix estimation


Proposal #3:
Define Rel-15 PDSCH performance requirements under following receiver algorithm assumptions:
· Scenarios with intra-cell SU-MIMO: LMMSE-IRC and R-ML

· Scenarios with intra-cell MU-MIMO: LMMSE-IRC

· Scenarios with inter-cell interference: LMMSE-IRC

2.3 Key features 
Normal PDSCH demodulation tests should aim to ensure sufficient test coverage for 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 and do not define for 256QAM. As for 256QAM tests for FR2, in the companion paper [4] we show that under practical RF impairments the performance of 256QAM can be worse than 64QAM.
· LDPC channel coding: PDSCH channel coding is based on LDPC. Two LDPC base graphs (BGs) were defined to ensure optimized 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/time resource allocation
· 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).

NR supports transmission of one transport block using multiple aggregated slots and respective functionality should be tested.

· TBS determination: The requirements shall cover new mechanisms for the TBS determination with dynamic TBS recalculation for the given MCS taking into account the 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. NR supports adaptive HARQ with ReTx done in different time/frequency resources.

· Configurable maximum number of HARQ processes: In NR the maximum number of HARQ processes is higher-layer 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.

· PRB bundling: NR supports configurable PRB bundling size. The requirements shall focus on the semi-statically configured PRB bundling size.
· 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.
· Quasi-colocation: TCI (Transmission Configuration Indicator) concept was introduced in NR to support quasi-colocation mechanism. The UE can be configured with multiple TCI states which allows to understand quasi co-location relationship between DM-RS port group and other DL reference signal (for, example TRS and CSI-RS).
Proposal #4:
Define NR UE PDSCH demodulation performance requirements for the following set of features:
· Various modulation formats: up to 256 QAM for FR1 and up to 64QAM for FR2

· Different TBS and Coding Rate values to verify both LDPC base graphs
· PDSCH scheduling & HARQ mechanisms: Flexible scheduling time/frequency resource allocation, TBS determination, PDSCH rate-matching, HARQ ReTx, DL Preemption Indication

· Reference signals and MIMO (DMRS, PTRS, TRS, PRB bundling, Quasi-colocation) 

3 DL Control channels demodulation performance requirements

3.1 Downlink Physical Channels

The DL control channel demodulation performance requirements shall cover testing of PBCH and PDCCH. 
For NR PBCH performance tests shall be introduced to verify performance of PBCH in fading channel conditions and test different key features. No new conformance and special test loop mode shall be introduced for NR PBCH.

Performance requirements for NR PDCCH shall be introduced to verify basic PDCCH reception functionality for DL PDSCH scheduling grants. The metric used to verify PDCCH performance would be similar to LTE – SNR @ x% of Pm-dsg. 

3.2 Reference UE receiver assumption

For PBCH performance tests, the baseline receiver shall be LMMSE. The performance requirements shall be based on soft combining of PBCH within PBCH TTI. 
The baseline receiver assumption for PDCCH shall be LMMSE. 

3.3 Key Features

PBCH

The performance tests defined for PBCH shall test the following features:

· DMRS Sequence Detection: The PBCH DMRS sequence is based on the SS-Block index which is part of the PBCH payload. In order to decode PBCH, the DMRS sequence needs to be detected first. Tests shall be introduced to verify DMRS sequence detection

· PBCH Detection: Tests shall be introduced to verify PBCH decoding performance in fading channel conditions

· SS Burst Periodicities: The UE assumes 20ms SS Burst periodicity for initial access, but the SS Burst periodicity could be configured to be {5, 10, 20, 40, 80, 160}ms. Tests shall be introduced to verify PBCH performance at different burst periodicities – 5, 20, 80 ms.

Proposal #5:
Define NR UE PBCH demodulation performance requirements for the following set of features: DMRS sequence detection, PBCH decoding at different SS Burst periodicities. 

PDCCH

The performance tests defined for PDCCH shall tests the following key features:

· DCI Formats: DCI Format 1_0 and Format 1_1 are for DL scheduling and shall be used for defining PDCCH performance requirements. 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).
· Search Space: In NR there are several search space types for common search space – Type 0, Type 0A, Type 1, Type 2, Type 3 and UE specific search space. Performance tests shall be defined to cover UE specific search space and Common search space with Type 1, Type 3 as they are associated with DL scheduling.

· CCE-to-REG Mapping: In NR PDCCH Interleaved and non-interleaved CCE-to-REG mapping are defined. Tests shall be defined to test PDCCH performance with both types of mapping.

· Aggregation Level: Possible aggregation levels for NR CCEs are {1, 2, 4, 8, 16}. Tests shall be defined to test all defined ALs.

· CORESET Configuration: Different CORESET duration in time and frequency are possible in NR. In frequency they can be contiguous or non-contiguous and in time could be 1 or more symbols. Tests shall be defined to test a combination of different CORESET configurations

· REG Bundling: REG bundle sizes are determined by number of CORESET symbols and CCE-to-REG mapping type. PDCCH performance shall be verified for different REG bundle sizes.

The beamforming assumption for PDCCH is FFS. 

It is FFS if RMSI reading test case shall be introduced to verify RMSI reading.
Proposal #6:
Define NR UE PDCCH demodulation performance requirements for the following set of features: DCI Formats, Search Space configurations, CCE-to-REG mapping, Aggregation levels, CORESET configurations, REG bundling

4 Conclusion

In this contribution we provide views on the NR UE Demodulation performance requirements. In summary we make the following proposals:
Proposal #1:
Define the following NR UE PDSCH demodulation performance requirements
· Normal PDSCH demodulation requirements under fading channel conditions

· SDR requirements under noise-free static conditions

Proposal #2:
Use following assumption on maximum number of MIMO layers for Rel-15 PDSCH requirements definition:

· FR1: Up to 2 MIMO layers for 2RX UE and up to 4 MIMO layers for 4RX UE

· FR2: Up to 2 MIMO layer requirements 
Proposal #3:
Define Rel-15 PDSCH performance requirements under following receiver algorithm assumptions:

· Scenarios with intra-cell SU-MIMO: LMMSE-IRC and R-ML

· Scenarios with intra-cell MU-MIMO: LMMSE-IRC

· Scenarios with inter-cell interference: LMMSE-IRC

Proposal #4:
Define NR UE PDSCH demodulation performance requirements for the following set of features:

· Various modulation formats: up to 256 QAM for FR1 and up to 64QAM for FR2

· Different TBS and Coding Rate values to verify both LDPC base graphs

· PDSCH scheduling & HARQ mechanisms: Flexible scheduling time/frequency resource allocation, TBS determination, PDSCH rate-matching, HARQ ReTx, DL Preemption Indication

· Reference signals and MIMO (DMRS, PTRS, TRS, PRB bundling, Quasi-colocation) 

Proposal #5:
Define NR UE PBCH demodulation performance requirements for the following set of features: DMRS sequence detection, PBCH decoding at different SS Burst periodicities. 

Proposal #6:
Define NR UE PDCCH demodulation performance requirements for the following set of features: DCI Formats, Search Space configurations, CCE-to-REG mapping, Aggregation levels, CORESET configurations, REG bundling
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