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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. In Rel-16 the RAN4 NR UE demodulation requirements were extended to cover CA scenarios and HST propagation conditions. In addition, the performance requirements for a number of RAN1-led items will be specified including URLLC, eMIMO, NR-U, V2X, etc. In RAN4 #95e several new Rel-17 proposals on UE and BS requirements enhancements were proposed [1-2] and in this paper we provide our views on the suggested Rel-17 enhancements.
2 UE Demodulation/CSI requirements
In LTE interference mitigation 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 scenarios.
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Figure 1. Interference scenarios
Enhanced interference mitigation receivers were extensively studied in LTE and requirements for different receivers structures were introduced to improve performance in interference-limited conditions, including LMMSE-IRC, SU-MIMO interference mitigation, DL Control Channel IM, inter-cell NAICS receivers, MU-MIMO MUST receivers, CRS-IC, etc. The 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 were so far left of scope of the discussion. 
Observation #1: Existing set of Rel-15 and Rel-16 NR UE Demodulation/CSI requirements cover intra-cell SU-MIMO interference scenario only.
In [1-2] two key NR UE receiver enhancements were proposed to be defined in Rel-17 timeframe:
· MMSE-IRC receivers for inter-cell interference handling

· Soft-IC receivers for SU-MIMO 

MMSE-IRC receivers for inter-cell interference handling 
Like LTE, the NR systems are characterized by interference-limited conditions and inter-cell interference suppression using IRC is required to ensure proper performance in the field. IRC processing is a common approach used on all chipsets for a long time and a limited set of requirements will be beneficial to ensure proper UE implementations. 
In addition, we note that for NR systems the characteristics of interference environments can be different comparing to LTE. For instance, NR systems support multiple SCS and non-slot-based transmissions, which may result in time-selective interference conditions that may impact the eventual performance and receiver design. For example, support of very flexible PDSCH time domain resource allocation may lead to scenario that neighboring cells signals are not overlapped with any DMRS signals in the serving cell. Figure 3 illustrates an example of such scenario. In such case, baseline UE receiver, which uses DMRS-based interference-plus-noise covariance estimation, cannot apply proper interference rejection processing and poor system performance can be observed. Therefore, potential enhancements to handle such specific interference can be considered in the scope of Rel-17 WI.
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Figure 3. Example of scenarios with flexible PDSCH
Observation #2: LTE interference scenarios cannot be directly reused for NR interference aware receiver studies and at least the aspects of support of multiple SCS and non-slot-based transmissions shall be investigated.

Considering limited timelines, we suggest focusing on scenarios with NR-NR inter-cell interference handling and consider the following aspects:

· Candidate reference receivers: MMSE-IRC with different methods of interference covariance matrix estimation (DMRS-based, Data-based etc.).
· RAN4 shall investigate typical interference characteristics including interference power profiles. LTE interference profiles can be used as a starting point for NR FR1 scenarios. 
· 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 applies at gNB and UE sides.
· Rel-17 work shall focus on PDSCH performance enhancements. 

· 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 required and should be included in the WI scope.
Soft-IC receivers for SU-MIMO 
In [1-2] it is proposed to further improve SU-MIMO performance by using of Soft-IC receiver. In general, different types of Soft-IC receivers may exist including receivers with and without involving LDPC decoder loop. The performance and complexity may vary depending on the receiver architecture. Also, the Soft-IC receivers may potentially bring performance improvements in certain scenarios, however, for some scenarios limited performance benefits over R-ML can be expected. Therefore, we suggest RAN4 to further study the detailed Soft IC receiver design and analyse performance benefits of agreed Soft IC receiver over R-ML receiver before defining the respective performance requirements. Finally, given that RML receivers were already defined in Rel-15, it is recommended to treat such objectives with the 2nd priority.
Summary
In summary, we have the following views on the proposed UE demodulation receiver enhancements for R17 scope.
Proposal #1:
Further discuss the following candidate R17 NR UE advanced demodulation requirements 
· 1st priority: MMSE-IRC inter-cell interference receivers

· Reference receivers: MMSE-IRC with different methods of interference covariance matrix estimation.

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

· Prioritize FR1 scenarios

· Focus on PDSCH performance enhancements

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

· 2nd priority: Soft IC for SU-MIMO

· Further study performance and complexity of Soft IC receiver before introducing DL SU-MIMO performance enhancements. 
3 BS demodulation requirements

Like for UE side, several receiver enhancements were defined for LTE BS to mitigate inter-cell or intra-cell inter-UE interference:
· Enhanced performance requirements type A: This defines performance requirements assuming baseline receiver as demodulation reference signal based linear minimum mean square error interference rejection combining (MMSE-IRC)
· Enhanced performance requirements type B: This defines performance requirements assuming baseline receiver as code word level interference cancellation for intra-cell inter-user interference plus demodulation reference signal based linear minimum mean square error interference rejection combining for inter-cell interference (CWIC + MMSE-IRC)
No interference mitigation receivers were specified for NR so far. In [1] it is suggested to specify additional NR BS receiver enhancements in Rel-17 scope: 
· MMSE-IRC receiver for inter-cell interference handling

· Hard-IC (hard L-CWIC) and hybrid-IC (mixing hard-IC and soft-IC) receiver for MU-MIMO

· Soft IC receiver for SU-MIMO

MMSE-IRC receiver for inter-cell interference handling

Same as for UE side, IRC receivers are required to ensure proper performance in the interference limited conditions. Taking into account limited timelines, we suggest focusing on definition of the following requirements: 
· Candidate reference receivers: MMSE-IRC with DMRS-based interference 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. 

· 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.

· Focus on PUSCH performance enhancements. 

SU-MIMO and MU-MIMO receivers

Similar to UE side SU-MIMO performance for PUSCH can be improved comparing to the baseline MMSE receivers. R-ML and IC receivers can be potentially considered as candidate receiver structures. Further studies on the performance/complexity trade-offs are required before making final conclusions on the proper receiver architecture. 

MU-MIMO performance can be improved in case of using IC or other similar types of receivers. However, additional RAN4 studies are needed to identify the proper scenarios, exact reference receiver architectures as well as achievable performance. 

Summary

In summary, we have the following views on the proposed BS demodulation receiver enhancements for R17 scope.

Proposal #2:
Further discuss the following candidate R17 NR gNB advanced demodulation requirements 

· 1st priority: MMSE-IRC inter-cell interference receivers

· Reference receivers: MMSE-IRC.

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

· Prioritize FR1 scenarios

· Focus on PUSCH performance enhancements

· 2nd priority: Enhanced SU-MIMO and MU-MIMO receivers

· Further study performance and complexity of different receiver structures before introducing performance enhancements. 

4 Conclusions

In this contribution we provide views on the scope of Rel-17. In summary, we make the following proposals:
Proposal #1:
Further discuss the following candidate R17 NR UE advanced demodulation requirements 
· 1st priority: MMSE-IRC inter-cell interference receivers

· Reference receivers: MMSE-IRC with different methods of interference covariance matrix estimation.

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

· Prioritize FR1 scenarios

· Focus on PDSCH performance enhancements

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

· 2nd priority: Soft IC for SU-MIMO

· Further study performance and complexity of Soft IC receiver before introducing DL SU-MIMO performance enhancements. 

Proposal #2:
Further discuss the following candidate R17 NR gNB advanced demodulation requirements 

· 1st priority: MMSE-IRC inter-cell interference receivers

· Reference receivers: MMSE-IRC.

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

· Prioritize FR1 scenarios

· Focus on PUSCH performance enhancements

· 2nd priority: Enhanced SU-MIMO and MU-MIMO receivers

· Further study performance and complexity of different receiver structures before introducing performance enhancements. 
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