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1   Introduction
In this contribution, we share our views on the evolution for RAN4 UE advanced receivers in Rel-18, including

· Soft IC:
· Cancel inter-stream interference in SU-MIMO scenario

· RML (reduced maximum likelihood)/E-MMSE-IRC/SLIC (symbol level IC):

· Cancel inter-cell interference for data channel
· Cancel inter-user interference in MU-MIMO scenario

· Enhanced MMSE-IRC under uneven interference:
· When the spatial characteristics of interference is uneven within a slot
· Inter-cell CSI-RS(TRS)/SSB interference mitigation
2   Advanced receivers specified for LTE and NR
For LTE, the UE demodulation performance requirements are specified for the following advanced receivers:

· Single-cell scenario

· Multi-layer: RML (reduced maximum likelihood), CWIC (code-word IC)

· Multi-cell scenario

· CRS-IC, CRS-IM

· IRC, (E)-MMSE-IRC

· NAICS (PDSCH-IC): SLIC, RML

· Multiuser superposition/MU-MIMO

· MUST: RML, SLIC

For NR, the UE demodulation performance requirements are specified for the following advanced receivers:

· Single-cell scenario

· Multi-layer: RML
· Multi-cell scenario

· IRC (Rel-17 [1] )
Compared to LTE, there is no demodulation performance requirement defined for IC receiver under the single cell scenario with multi-layer transmission (SU-MIMO), and advanced receiver for MU-MIMO scenario, which would be beneficial to improve UE DL demodulation performance with less impact on RAN1 specification. And to leverage the design and standardization for LTE, we would like to introduce more advanced receivers for NR from Rel-18.
3   Discussion

3.1   Soft IC [2]
To improve NR UE demodulation performance under the medium correlation channel, we would like to introduce the soft IC receiver to cancel the inter-stream interference for SU-MIMO scenario, which does the iteration abstracting the soft information and cancelling the interference from each other between multiple layers by involving LDPC decoder.
The soft IC receiver can bring the performance gain not only over MMSE receiver but also over RML receiver. In Table 1 and Table 2, we show the performances gain of Soft IC receiver over RML receiver when 4Rx and 4-layer transmission are used.
Table 1: Performance comparison between Soft-IC and RML receivers with QPSK

[image: image1.png]Simulation Case 1: QPSK 0.58 Corr: 0.9/0.9

SNR 30 31  70% relative throughput Gain
RML 0.4315 0.2965 30.97
SNR 27 28  70% relative throughput

Soft IC 0.3935 0.2625 27.71 3.26




Table 2: Performance comparison between Soft-IC and RML receivers with 64QAM

[image: image2.png]Simulation Case 2: 64QAM 0.65 Corr: 0.1/0.3
SNR 36 37 70% relative throughput Gain
RML  0.406 0.2345 36.62
SNR 35 36 70% relative throughput
Soft IC 0.3155 0.164 35.10 1.52




It is observed that the performance could be improved by around 1.5 to 3dB using soft-IC receiver under the medium correlation channel. So we propose that
Proposal 1: Specify performance requirements for the advanced receiver with soft IC to cancel the inter-stream interference for single-cell multi-layer scenario
· Evaluate the performance gain of the advanced receiver with soft IC compared to Rel-15 NR receiver(s)
· Specify PDSCH requirements for the advanced receiver with soft IC
· Investigate the feasibility, and if feasible specify the CQI requirement for the advanced receiver with soft IC
3.2   RML/E-MMSE-IRC/SLIC (symbol level IC)
In the inter-cell scenario and intra-cell MU-MIMO scenario, the parameters of interference user is not available at the target user. So it would be impossible for target user to reconstruct the LDPC code-word of interference user first, and then subtract it from the received signals to cancel the interference.
So the symbol level interference cancellation or mitigation would be a feasible way to cancel the interference. There are a number of types of advanced receivers which could be considered:

· RML (Reduced maximum likelihood)
· E-MMSE-IRC, which improves the accuracy of interference spatial correlation matrix by doing channel estimation based on the reference signal of interference cell or user

· SLIC (symbol level interference cancellation), which demodulates and recovers the symbol of interference user and subtract it from the received signal. The similar LTE advanced receiver is specified as the Enhanced performance requirements type B.

Different from LTE, the different SCS-s could be configured for NR target and interference cells, which make it very challenging to reconstruct the symbol of interference user by using the single FFT. So to keep the reasonable complexity, the same SCS-s for both target and interference cells have to be assumed. Besides, similar as LTE a set of modulation parameters or configurations of reference signals of interference users should be signaled to the target user to save the effort for the blind detection.
So to mitigate the interference from we propose that

Proposal 2: Specify performance requirements for the advanced receiver to cancel the inter-cell interference or inter-user interference for MU-MIMO scenario

· Consider the candidate advanced receiver including RML, E-MMSE-IRC and SLIC

· Evaluate the performance gain of advanced receiver over the MMSE-IRC receiver under target scenarios, and agree on the reference receiver 
· Specify PDSCH requirements for reference receiver under the target scenarios in a general way
· Investigate the feasibility, and if feasible specify the CQI requirement for reference receiver
· Note: assume that the same SCS is used for both interference and target cells, and interference cell is synchronized with target cell.
3.3   Enhanced MMSE-IRC under uneven interference 
In Rel-17 the MMSE-IRC receiver is specified to suppress the inter-cell interference. According to the study, 20% performance gain is expected for MMSE-IRC receiver over MMSE receiver. MMSE-IRC receiver is an efficient way to mitigate the interference from neighbor cell(s) for both LTE and NR. 

Different from LTE, where the slot-based scheduling is utilized and thus the spatial characteristics of interference is even in a subframe (slot), the mini-slot would be used by NR widely, especially in local area deployment for toB services which is more time critical. As a result, it would be difficult for UE to assume the even distributed interference.
So in Rel-18 in order to fully support the above mentioned toB use cases, we would like to consider the scenario where the spatial characteristics of interferences are uneven within a slot.
So we proposed the Enhanced MMSE-IRC under uneven interference:
Proposal 3: Specify performance requirements for the enhanced MMSE-IRC under the scenario where the spatial characteristics of interference users is uneven within a slot
· Study the feasibility and evaluate the performance gain of enhanced MMSE-IRC over IRC under the target scenario 
· Study and come up with the interference model
· Specify PDSCH requirements for E-MMSE-IRC receiver under the target scenario
· Investigate the feasibility, and if feasible specify the CQI requirement for E-MMSE-IRC receiver
3.4   Inter-cell SSB/CSI-RS interference mitigation [3]
In the current NR commercial network, the performance degradation on PDSCH could be observed due to interference of CSI-RS(TRS)/SSB from neighbor cells, when the load is light and the higher modulation order is scheduled for the target user. In Table 1 and Figure 1, we provide the initial simulation results to show the performance degradation due to the CSI-RS/SSB interference from the neighbour cells. 

Although the rate matching around neighbour cell CSI-RS REs can be done, the available REs for serving user would be reduced. So the interference cancellation or mitigation solution could be considered to provide better performance.
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Figure 1: PDSCH demodulation performance impact due to inter-cell CSI-RS interference (64QAM is used)
Table 1: PDSCH performance difference due to impact on timing and frequency tracking between with and without inter-cell SSB interference
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So we propose to investigate and specify the corresponding requirements with CSI-RS(TRS) and SSB interference mitigations for inter-cell scenario.
Proposal 4: Study and specify performance requirements for interference mitigation of neighbor cell CSI-RS(TRS) and SSB if the significant gain is identified.
4   Conclusions
In this contribution, we discuss the potential techniques for the UE advanced receivers in Rel-18. We have the following proposals.
Proposal 1: Specify performance requirements for the advanced receiver with soft IC to cancel the inter-stream interference for single-cell multi-layer scenario
· Evaluate the performance gain of the advanced receiver with soft IC compared to Rel-15 NR receiver(s)
· Specify PDSCH requirements for the advanced receiver with soft IC
· Investigate the feasibility, and if feasible specify the CQI requirement for the advanced receiver with soft IC
Proposal 2: Specify performance requirements for the advanced receiver to cancel the inter-cell interference or inter-user interference for MU-MIMO scenario

· Consider the candidate advanced receiver including RML, E-MMSE-IRC and SLIC

· Evaluate the performance gain of advanced receiver over the MMSE-IRC receiver under target scenarios, and agree on the reference receiver 

· Specify PDSCH requirements for reference receiver under the target scenarios in a general way

· Investigate the feasibility, and if feasible specify the CQI requirement for reference receiver

· Note: assume that the same SCS is used for both interference and target cells, and interference cell is synchronized with target cell.

Proposal 3: Specify performance requirements for the enhanced MMSE-IRC under the scenario where the spatial characteristics of interference users is uneven within a slot
· Study the feasibility and evaluate the performance gain of enhanced MMSE-IRC over IRC under the target scenario 

· Study and come up with the interference model

· Specify PDSCH requirements for E-MMSE-IRC receiver under the target scenario

· Investigate the feasibility, and if feasible specify the CQI requirement for E-MMSE-IRC receiver

Proposal 4: Study and specify performance requirements for interference mitigation of neighbor cell CSI-RS(TRS) and SSB if the significant gain is identified.
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