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1   Introduction
In this contribution, we further share our views on the working areas for UE demodulation focus requirement evolution in NR Rel-18 stage based on the RAN94e-R18Prep-22 email thread discussion [4]:
· Single-cell scenario: 

· Inter-user for MU-MIMO: E-MMSE-IRC, RML(Reduced Maximum Likelihood)
· Inter-stream: Soft IC: Cancel inter-stream interference in SU-MIMO scenario

· Multi-cell scenario:
· Inter-cell CSI-RS(TRS)/SSB interference mitigation: Cancel inter-cell CSI-RS/SSB interference
· Inter-cell: MMSE-IRC with uneven interference
2   Discussion

2.1   Single-cell
2.1.1   E-MMSE-IRC and R-ML
The performance requirements definition for MMSE-IRC receiver for suppressing intra-cell inter-user interference were agreed in NR Rel-17[3]. In NR, MU-MIMO is a very typical scenario and widely used in the real network. NR has a stronger motivation to have better intra-cell interference cancellation receiver to further improve the performance. 
E-MMSE-IRC and RML receivers have better performance than MMSE-IRC in fading channel and spatially correlated channels by doing channel estimation based on the reference signal of the interference user. Most companies agreed to do some investigation and evaluation on the related performance during the email discussion [4]. We also propose to study the performance of E-MMSE-IRC and R-ML receivers during NR Rel-18 stage for NR UE performance improvement. For R-ML, to balance the performance gain and complexity, similar as LTE a set of modulation parameters or configurations of the reference signals of the interference users can be signalled to the target users to save the effort for blind detection, the necessary network assistance signalling can be discussed to simplify the UE receiver design. The same MU-MIMO interference modelling for MMSE-IRC for MU-MIMO can be reused for the performance gain evaluation. For the testing framework issue raised by some companies, we think that it can studied as part of the WI scope.
Proposal 1: Consider to evaluate the performance gain and specify the performance requirements for advanced receiver of E-MMSE-IRC and R-ML for intra-cell inter-user interference for MU-MIMO scenario; assistant signaling need to be discussed to simplify the UE implementation.
2.1.2   Soft IC
Considering only one CW is defined for NR for the number of layer not larger than 4 that the CWIC used in LTE cannot be reused, it is very necessary and beneficial to address the performance degradation caused by imbalanced SNR between multiple layers in one CW by using advanced receiver other than CWIC. To improve NR UE demodulation performance for SU-MIMO with 2 or more spatial layers, we would like to introduce the soft IC receiver to cancel the inter-stream interference, which does the iteration to abstract the soft information and cancel the interference from each other between multiple layers by involving LDPC decoder as figured below, it is applicable for both single CW and double CW:
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Figure 1: Iteration for soft IC

For the complexity, if the demodulator core and the decoder core are implemented using ASIC, soft-IC can be implemented by reusing multi-CC processing capability to improve the performance for single CC.
For the processing delay, the overall delay can be controlled by keeping the same iteration number of LDPC decoder  as RML, only additional MIMO detector, interleaver/de-interleaver, scrambler/de-scrambler as shown in Figure 1 are needed, but simpler detector can be used to utilize the prior information of the LDPC decoder.
The soft IC receiver can bring the performance gain not only over MMSE receiver but also over RML receiver. In Table 2.1-1 and Table 2.1-2, we show the performances gain of Soft IC receiver over RML receiver when 4Rx and 4-layer transmission are used.
Table 2.1-1: Performance comparison between Soft-IC and RML receivers with 256QAM
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Table 2.1-2: Performance comparison between Soft-IC and RML receivers with 64QAM
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It is observed that the performance could be improved by around 1.5 by using soft-IC receiver under the low correlation channel for higher modulation order of 64QAM and 256QAM. 
In fact, the soft-IC algorithm also has good robustness and almost has no negative performance gain compared with the RML in various scenarios, RAN4 can do more investigations on other scenarios. So we propose that
The interference cancellation between multi-layers in one CW is a typical scenario that should be addressed. For the complexity and processing delay concerns raised some companies, a study phase to investigate the related aspects can be considered so that companies can align the specific processing procedure. Also the performance gain over R-ML can be evaluated based on common simulation assumption for certain typical scenarios.

Considering Soft IC receiver is also applicable for multi-layer interference cancellation in two CWs, it is unnecessary to additionally introduce other advanced receiver, such as CW-IC for multi-DCI based multi-TRP scenario that is not general and only applicable for one specific scenario.

Proposal 2: 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 over R-ML 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
2.2   Multi-cell

2.2.1   Inter-cell SSB/TRS interference mitigation
Based on the discussion in NR Rel-17 WI for MMSE-IRC for MU-MIMO [3], some network vendors and operators think that it is typical configuration that SSB and TRS are colliding between serving and neighboring cells in the NR real network. Although some companies performed some initial evaluations on the performance with colliding SSB/TRS configuration, but without any interference assumption in NR Rel-17 [3], so the interference impact from colliding SSB/TRS of neighboring cell cannot be reasonably justified at all. In the current NR commercial network, we also observed the performance degradation on PDSCH due to interference of colliding CSI-RS(TRS)/SSB from neighbor cells, especially when the network load is light and the higher modulation order is scheduled for the target user. It is beneficial to investigate the performance gain for TRS/SSB-IM to improve UE robustness for PDSCH reception.
Because SSB/TRS is transmitted periodically and not in every subframe for CRS, it is more important to ensure SSB/TRS to have interference as less as possible to achieve accurate time-frequency tracking, especially for scenario with light network load and higher modulation order. SSB is usually used for coarse time-frequency tracking, if no good coarse time-frequency tracking, there will be larger residual time-frequency error that will impose heavy burden for the following accurate time-frequency taking and seriously impact on the channel estimation for PDSCH. Also we observed that only SSB is transmitted in some network, then SSB is used for time-frequency tracking for all the time; also SSB is used for time-frequency tracking before TRS is transmitted for RAR and Msg4 reception, such as random access procedure, so SSB-IM is important to ensure good performance. But the study scope can focus on the impact on PDSCH performance in connected state. TRS in NR is used for accurate time-frequency tracking and PDP estimation for PDSCH reception which is very important to ensure good PDSCH performance. We don’t think that DM-RS for PDSCH is assumed to be used for residual time-frequency tracking by default as per 3GPP specification, especially considering the issue for PRB bundling size 2 or 4 for time tracking, DM-RS 1+0 configuration for frequency tracking and DM-RS 1+1 configuration with interval of 7 symbols for some PDSCH duration configuration that has very limited frequency tracking.
In Table 2.2-1, Table 2.2-2 and Figure 2, we provide the initial simulation results to show the performance degradation due to the CSI-RS(TRS)/SSB interference from the neighbor cells. 
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Figure 2: PDSCH demodulation performance impact due to inter-cell CSI-RS interference (64QAM is used)
Table 2.2-1: PDSCH performance difference due to impact on timing and frequency tracking between with and without inter-cell SSB interference
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Table 2.2-2: PDSCH performance difference due to impact on timing and frequency tracking between with and without inter-cell TRS 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 3: Study and specify performance requirements for interference mitigation of neighbor cell CSI-RS(TRS) and SSB if obvious gain is identified.
2.2.2   MMSE-IRC for uneven interference
In Rel-17, MMSE-IRC receiver is specified to suppress the inter-cell interference, where the slot-based scheduling is utilized and thus the spatial characteristics of interference is even in a slot. Due to limited time for Rel-17[3] and possible complex combinations for uneven interference, the scenario of non-slot based transmission with uneven interference has lower priority. Considering the flexible starting symbol S and allocated symbol length L, also different service requirements, such as toB service which is more time critical that mini-slot may be used, but toC service which requires higher throughput, it is possible that different cells may schedule or configure different number of symbol length and additional DM-RS, even different SCS, as a result, it would be difficult for UE to assume evenly distributed interference. In some cases, IRC uses DMRS to measure the interference from the neighbour cells, maybe not all of the interference layers can be seen by DMRS. So the typical scenario and corresponding practical interference profile need to be firstly studied. But considering the higher priority to improve UE performance requirements based on the current real network scenario for other advanced receiver listed above and not widely used toB service, we prefer to set it to lower priority at the current stage or at least setup a SI to have full investigation if agreed.

Proposal 4: Set MMSE-IRC for uneven interference to lower priority before complete the other advanced receiver with higher priority, i.e. EMMSE-IRC for MU-MIMO, Soft IC and SSB/TRS-IM.
3   Conclusions
In this contribution, we discuss the potential techniques for the UE advanced receivers in Rel-18. We have the following proposals.
Proposal 1: Consider to evaluate the performance gain and specify the performance requirements for advanced receiver of E-MMSE-IRC and R-ML for intra-cell inter-user interference for MU-MIMO scenario; assistant signaling need to be discussed to simplify the UE implementation.
Proposal 2: 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 over R-ML 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 3: Study and specify performance requirements for interference mitigation of neighbor cell CSI-RS(TRS) and SSB if obvious gain is identified.
Proposal 4: Set MMSE-IRC for uneven interference to lower priority before complete the other advanced receiver with higher priority, i.e. EMMSE-IRC for MU-MIMO, Soft IC and SSB/TRS-IM.
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