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1 Introduction

The Rel-15 NR UE demodulation requirements mainly cover the key NR functionality for the mandatory UE features and basic scenarios. Many important scenarios, use cases and features were deprioritized in the Rel-15 timeframe. In RAN #83 meeting several WI proposals on the continuation of the NR UE demodulation performance requirements work were made [1-2] and a possible scope of Rel-16 NR UE demodulation requirements work was discussed, but no final conclusions were reached. The WF [3] captures the status of the discussion and it is expected that interested companies will continue discussion till RAN #84 to make the scope stable. In this contribution we provide views on the possible scope of the Rel-16 NR UE demodulation work.
2 Potential Rel-16 scope
The following NR UE demodulation requirements are suggested to be considered in the Rel-16 timeframe:

· HST requirements

· URLLC requirements
· Interference mitigation receivers requirements
· Requirements for optional features and other requirements
2.1 High Speed Train requirements

High speed train is one of the important deployment scenarios for LTE and NR. The Rel-15 NR UE demodulation requirements are expected to cover UE demodulation requirements for a simplified single-tap high speed train scenario, while all other high-speed scenarios were deprioritized. The potential UE demodulation scope of the HST work was provided in [1] and includes the following aspects:

	· Following scenarios will be investigated:

· The channel model: 

· HST-SFN scenarios, e.g. the channel mode captured in Section B.3A of 3GPP TS 36.101

· HST scenarios, e.g. the channel mode captured in Section B.3 of 3GPP TS 36.101

· TDL channel with high Doppler frequency
· Other deployment scenarios are not precluded

· The target speed is up to 500km/h

· The carrier frequency is up to 6GHz
· …

· If needed, signalling impact should be discussed in RAN2.
· …
· Investigate and specify (if needed) the UE demodulation requirements and test cases for NR: PDSCH, PDCCH, PBCH demodulation performance requirement.
· Investigate and specify (if needed) the UE CSI reporting performance requirements and test cases for NR.
· Investigate and specify (if needed) the BS demodulation requirements and test cases for NR: PUSCH, PUCCH, PRACH demodulation performance requirement.


Comparing to LTE, the NR systems are expected to be capable to handle more severe propagation conditions in terms of channel variation in time due to support of higher SCS and shorter transmissions. It is expected that 30 kHz SCS operation may be substantially beneficial for the HST operation and recommended to be considered as a starting point for evaluations. In addition, similar to other HST-related WIs it is recommended that RAN4 conducts detailed studies on the achievable upper bounds of the maximum Doppler frequency in the scope of the WI and specify the requirements only if they are found feasible. Another important aspect to be considered is that the BS and UE performance requirements shall be aligned in terms of the supported deployments and maximum supported Doppler frequency.

Assuming that HST requirements have impact on both Demodulation and RRM requirements, it is recommended to introduce the WI separately from other leftover topics.

Proposal #1:
Define the R16 NR UE demodulation requirements for HST scenarios based on WI objectives in RP-190258

2.2 URLLC-related requirements
Ultra-reliable low-latency communication (URLLC) is one of the use cases supported by NR. The key goal for URLLC is to achieve reliable quality and low latency. The requirement in Rel-15 is 99.999% error free transmission (10-5 BLER) and latency of 1ms. In order to meet the stringent requirements for URLLC, a number of features have been introduced in NR for Rel-15 to support high reliability and low latency both in the UL and DL.

Features for improved reliability in the DL

· Additional CQI and MCS table targeting low spectral efficiency and target BLER of 10-5 

· Aggregation level of 16 for PDCCH

· Slot aggregation

Features to support low latency

· Scalable numerology 

· Non-slot based scheduling – Mapping Type B for PDSCH and PUSCH

· Pre-emption indication

· CBG based re-transmissions

· Shortened UE processing time

· Self-contained slot

· Low latency CSI feedback

Observation #1: In Rel-15 multiple features are introduced to support URLLC use case in NR

Most of the features to enable URLLC have not been tested in Rel-15 NR UE demodulation and CSI performance requirements. URLLC is one of the key use cases for NR and it is critical that demodulation and CSI requirements are introduced to verify these features. 

Observation #2: In Rel-15 not all features that support URLLC have demodulation and CSI requirements

In Rel-16 we propose that requirements be introduced to test the features that support URLLC. The following candidate features are proposed for further definition of URLLC requirements
· 99.999% Reliability: In Rel-15 the PDSCH demodulation requirements target a minimum of 30% BLER. For URLLC the target BLER is 0.001%. In order to meet the reliability requirement specified for URLLC, demodulation requirements targeting 10-5 BLER shall be introduced. In order to support the lower BLER target additional CQI and MCS tables have been introduced in Rel-15. CQI reporting test cases with the CQI and MCS tables targeting lower BLER and spectral efficiency shall be introduced. 

· Slot Aggregation: In Rel-15 PDSCH supports slot aggregation, i.e., receiving the same transport block across different slots with different redundancy versions. This improves reliability of the PDSCH transmission. In Rel-16 demodulation requirements shall be introduced to test slot aggregation for PDSCH.

· PDSCH Mapping Type B: In Rel-15 UE demodulation requirements PDSCH mapping type-B is defined for some of the test cases. However, the test cases only assume 7 symbol PDSCH duration. PDSCH durations of 2 and 4 symbols are introduced in Rel-15 to support low latency transmission. In Rel-16 demodulation requirements shall be introduced with 2, 4 symbol PDSCH duration with mapping Type B.
· Pre-emption indication: In order to prioritize URLLC transmissions on the DL, preemption indication was introduced in Rel-15 for UEs supporting eMBB transmission. In order to ensure proper operation in a network deployment for all types of UEs, it is essential to introduce and verify that the eMBB UEs can support interruption of transmission of DL data reception based on preemption indication. 

· UE processing time: To support law latency transmission for URLLC, UE capability for shortened processing time has been introduced. Rel-16 UE demodulation requirements shall be introduced to verify shortened UE processing time.

· Self-contained slot: In Rel-15 flexible TDD configurations like DL and UL transmission within the same slot are introduced to enable shorter HARQ round trip time in order to reduce latency. Rel-16 demodulation requirements shall test this feature. This feature could be tested along with shortened UE processing time requirements.

· Low latency CSI feedback: In order to reduce the CSI feedback delay in Rel-15, low latency CSI feedback features have been introduced. The Rel-16 NR UE CSI requirements shall cover the features related to such features.

Some of these features are applicable to FR1 alone and some to both FR1 and FR2. At a minimum, in Rel-16 NR UE demodulation and CSI requirements shall introduce requirements to cover features related to FR1. Introduction of requirements for FR2 related features can be further discussed.

Proposal #2:
Define the R16 NR UE demodulation requirements for URLLC features
· 99.999% Reliability
· Slot Aggregation
· PDSCH Mapping Type B
· Pre-emption indication

· Shortened UE processing time

· Self-contained slot

· Low latency CSI feedback
2.3 Interference mitigation receivers requirements
Interference receivers are considered as one of key UE-centric approaches to improve performance in the interference-limited conditions including inter-cell, intra-cell SU-MIMO and intra-cell MU-MIMO interference.
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Figure 1. Interference scenarios
Enhanced interference mitigation receivers were extensively studied in LTE and requirements for different receivers were introduced to improve performance including LMMSE-IRC, SU-MIMO interference mitigation, DL Control Channel IM, inter-cell NAICS receivers, MU-MIMO MUST receivers, CRS-IC, etc. A high-level overview of LTE UE receivers framework is illustrated bellow:
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Figure 2. LTE UE receivers framework
The baseline NR UE demodulation performance requirements were introduced for the case of noise-limited propagation conditions and are based on 2RX/4RX MMSE receivers. Additional set of requirements was defined in Rel-15 to ensure that UE can achieve improved performance in the intra-cell SU-MIMO scenarios based on the R-ML receivers. Other interference-aware receivers so far were left of scope of the discussion. 
Observation #3-1: Existing set of R15 NR UE Demodulation/CSI requirements cover intra-cell SU-MIMO interference scenario
The NR UEs may potentially also extract benefits from using interference aware receivers similar to LTE. In general, the NR UEs will most likely experience similar interference scenarios, however, there could be certain specifics which should be properly studied such as support of multiple SCS, support of non-slot based transmissions, Tx/Rx analog beamforming in FR2. All these factors may result in specific interference environment which may impact the eventual performance or receiver design considerations.

Observation #3-2: LTE interference scenarios cannot be directly reused for NR interference aware receiver studies and at least the aspects of support of multiple SCS, support of non-slot based transmissions, TX/RX analogue beamforming in FR2 shall be investigated.

Typically the work on the introduction of interference-aware receiver performance requirements requires extensive studies on the target scenarios, typical interference characteristics as well as thorough discussion on the underlying reference receiver structures. Therefore it is not possible to fit all receiver enhancements within a scope of a single WI or a single releases. Therefore, we suggest to prioritize the most prominent scenarios for consideration in the Rel-16 timeframe.
#1: NR-NR inter-cell interference handling

· Similar to LTE, NR deployments may be dense and characterized by a strong inter-cell interference. The basic approach for inter-cell interference handling at the UE side is based on interference pre-whitening (so-called IRC receivers). 

· Candidate reference receivers: LMMSE-IRC or RML with interference pre-whitening with DMRS-based interference covariance matrix estimation.
· RAN4 shall investigate typical interference characteristics including interference power profiles. LTE interference profiles can be used as a starting point for NR FR1 scenarios. Additional evaluations for NR FR2 are needed to identify typical interference conditions taking into account Tx/Rx beamforming.
· IRC receiver performance may depend on network synchronization assumptions, SCS alignment in the neighbouring cells, time/frequency PDSCH resource allocation assumptions in the neighbouring cell, etc. In particular, it is important to ensure robust UE operation in a variety of scenarios and the performance shall be thoroughly investigated as a part of the WI.
· FR1 deployments can be prioritized given that initial FR2 deployments are expected to be less interference limited due to Tx/Rx analog beamforming.
· The Rel-16 work shall focus on PDSCH performance enhancements. FFS if any enhancements for other channels (e.g. PDCCH) are needed.

#2: Intra-cell MU-MIMO interference handling (2nd priority)
· Similar to LTE, NR DMRS design allows to make co-scheduling of multiple UEs in same time-frequency resources to improve overall system performance. Rel-15 NR DMRS structure allows to multiplex up to 12 antenna ports. It is important to define PDSCH requirements in case of MU-MIMO transmission to verify proper UE RX processing under such conditions.
· The performance in MU-MIMO scenarios can be very sensitive to the assumption on the alignment of transmissions of co-scheduled UEs and specific studies on the receiver robustness to different resource allocation scenarios are required.

· Reference receivers: LMMSE-IRC receivers can be considered as baseline. 
Scenario #1 is expected to provide larger overall performance benefits and shall be prioritized over Scenario #2.

Although it is expected that for many scenarios UE receivers shall operate in a transparent manner, it may still be identified in the WI scope that certain network assistance is beneficial and should be included in the WI scope.
Proposal #3:
Define the R16 NR UE demodulation requirements interference mitigation receivers

· Target scenarios

· #1: NR-NR Inter-cell interference handling

· Reference receivers: LMMSE-IRC or interference pre-whitening with DMRS-based interference covariance matrix estimation.

· Investigate interference characteristics including interference power profiles, network synchronization assumptions, SCS alignment in the neighbouring cells, time/frequency PDSCH resource allocation assumptions in the neighbouring cell, etc. 

· Prioritize FR1 scenarios. 

· Focus on PDSCH performance enhancements. 

· #2: Intra-cell MU-MIMO interference handling (2nd priority)
· Reference receivers: LMMSE-IRC receivers. 

· Investigate interference characteristics in terms of resource allocation alignment between different co-scheduled UEs 

· Study if additional network assistance is required to facilitate interference aware receivers

2.4 Requirements for optional features and other requirements

The Rel-15 requirements focused on the key scenarios, use cases, set of mandatory UE features. Additional leftover requirements can be considered to be introduced in Rel-16 timeframe subject to the prioritization from operators. The possible requirements include:
· CA/EN-DC specific requirements:

· NR CA PDSCH normal demodulation requirements

· NR CA and EN-DC power imbalance requirements for intra-band case

· Requirements for CBG-based HARQ retransmissions

· CSI reporting requirements with the number of TX ports larger than 8 and up to 32

· LI reporting requirements
· CRI reporting requirements

· Requirements for additional TDD configurations (subject to operator request)
· Requirements for additional CBW/SCS combinations (subject to operator request)

Proposal #4:
Further select the set of features for R16 NR UE demodulation requirements definition
· CA/EN-DC specific requirements

· NR CA PDSCH normal demodulation requirements

· NR CA and EN-DC power imbalance requirements for intra-band case

· Requirements for CBG-based HARQ retransmissions

· CSI requirements with the number of TX ports larger than 8 and up to 32

· LI reporting requirements

· CRI reporting requirements

· Requirements for additional TDD configurations (subject to operator request)

· Requirements for additional CBW/SCS combinations (subject to operator request)

3 Conclusions

In this contribution we provide views on the scope of Rel-16 NR UE demodulation requirements. In summary, we make the following proposals.
Proposal #1:
Define the R16 NR UE demodulation requirements for HST scenarios based on WI objectives in RP-190258

Proposal #2:
Define the R16 NR UE demodulation requirements for URLLC features

· 99.999% Reliability
· Slot Aggregation
· PDSCH Mapping Type B

· Pre-emption indication

· Shortened UE processing time

· Self-contained slot

· Low latency CSI feedback
Proposal #3:
Define the R16 NR UE demodulation requirements interference mitigation receivers

· Target scenarios

· #1: NR-NR Inter-cell interference handling

· Reference receivers: LMMSE-IRC or interference pre-whitening with DMRS-based interference covariance matrix estimation.

· Investigate interference characteristics including interference power profiles, network synchronization assumptions, SCS alignment in the neighbouring cells, time/frequency PDSCH resource allocation assumptions in the neighbouring cell, etc. 

· Prioritize FR1 scenarios. 

· Focus on PDSCH performance enhancements. 

· #2: Intra-cell MU-MIMO interference handling (2nd priority)

· Reference receivers: LMMSE-IRC receivers. 

· Investigate interference characteristics in terms of resource allocation alignment between different co-scheduled UEs 

· Study if additional network assistance is required to facilitate interference aware receivers

Proposal #4:
Further select the set of features for R16 NR UE demodulation requirements definition

· CA/EN-DC specific requirements

· NR CA PDSCH normal demodulation requirements

· NR CA and EN-DC power imbalance requirements for intra-band case

· Requirements for CBG-based HARQ retransmissions

· CSI requirements with the number of TX ports larger than 8 and up to 32

· LI reporting requirements

· CRI reporting requirements

· Requirements for additional TDD configurations (subject to operator request)

· Requirements for additional CBW/SCS combinations (subject to operator request)

References
[1] RP-190317 “New WID on NR support for high speed train scenario”, CMCC, RAN #83, March 2019
[2] RP-190258 “New WID on NR performance requirement enhancement”, China Telecom, RAN #83, March 2019
[3] RP-190659 “WF on the scope of R-16 RRM and Demod work in RAN4”, Intel, RAN #83, March 2019
PAGE  
1/7

