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1   Introduction
According to Moderator’s summary on demod enhancement topic [RAN95e-RAN4-R18Prep-04] during Pre-RAN#95e Rel-18 RAN4 email discussion [1], , the following working areas/objectives were suggested to be dropped:

· Objective #3: Enhanced DL receivers for multi-DCI multi-TRP

· Objective #4: Inter-cell CSI-RS/SSB interference mitigation (IM)

· Objective #5: E-MMSE-IRC under uneven interference

· Objective #8: Extend MMSE-IRC receiver for inter-cell and intra-cell MU-MIMO to CA case.
Among the remaining Objectives, Objective #1 ‘Advanced receiver to cancel inter-user interference for MU-MIMO’ is stable enough and suggested to be included into WI. The others Objectives, including

· Objective #2 : Soft-IC receiver under SU-MIMO interference
· Objective #6 : BS advanced receiver
· Objective #7: ATP
· Objective #9: CRS-IC receiver for NR PDSCH in scenarios with overlapping spectrum for LTE and NR
still need further discussions.
In this paper, we would like to share our views on the general proposals, the agreed Objective, as well as the other Objectives which require further discussions. 
2   Discussion

2.1   Views on general proposals
We support the following Proposal 1. For Modified Proposal 2, we are generally fine except we would like not to drop Objective #4. The detailed reasons are provided in Section 2.4.
	· Proposal 1 (agreeable) : the general aspects on potential Rel-18 RAN4 demodulation enhancement topic:
· WI vs SI: WI (study phase can be included for some of objectives if needed)
· WG leadership: RAN4, [potential secondary WG: RAN2 and/or RAN1]
· Modified proposal 2 (agreeable): It’ s proposed to drop following tentative work areas/objectives in Rel-18
· Objective #3: Enhanced DL receivers for multi-DCI multi-TRP
· Objective #4: Inter-cell CSI-RS/SSB interference mitigation (IM)
· Objective #5: E-MMSE-IRC under uneven interference
· Objective #8: Extend MMSE-IRC receiver for inter-cell and intra-cell MU-MIMO to CA case


2.2   Views on Objective #1 Advanced receiver to cancel inter-user interference for MU-MIMO 
	· Detailed Objective:
· Evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO 
· Phase I: Study the performance gain, reference receiver assumption, interference profile, required signalling overhead, as well as impact on other WGs 
· Further discuss reference receiver assumption with below candidates
· E-MMSE-IRC
· R-ML
· Target scenario: Focus on slot based transmission 
· Phase II (if any pending on the conclusion for phase I): 
· Specify PDSCH demodulation requirements under MU-MIMO scenario with advanced receiver
· Note: Performance requirements shall be specified under single reference receiver assumption
Note: The study on this objective assumes that the network scheduler has full flexibility to pair co-channel UEs. (this note no need to be included into WID objective)
· Status: Stable enough, this objective can be included into WI


We support this Objective but with little modifications. We would like to replace the ‘testability’ by ‘interference profile’ in the first bullet Phase I. The later one is used in Rel-17 WID, which seems to be more specific. In fact, the advanced receivers are expected to achieve better performance compared to the existing receivers in the scenarios with inter-user interference. Specifically, we support to investigate both E-MMSE-IRC and R-ML in the study phase and further discuss what kind of receivers to use for the final performance requirements definition according to the outcome of Phase I.
Proposal 1: Include Objective #1 ‘Advanced receiver to cancel inter-user interference for MU-MIMO’ into Rel-18 WI for demodulation enhancements.
2.3   Views on Objective #2 Soft-IC receiver under SU-MIMO interference
	· Detailed objective:
· Evaluate and if identified specify Soft-IC receiver to cancel inter-layer interference for SU-MIMO 
· Phase I: 
· Study the performance gain compared to R-ML receiver considering practical imbalanced SINR among layers, UE complexity impact, reference receiver assumption, potential impact on processing timelines, as well as impact on other WGs
·   Note: RAN1 involvement can be triggered via RAN4 LS if needed 
· Focus on slot-based and up to 4 layers transmission 
· Phase II (if any pending on the conclusion for phase I): 
· Specify PDSCH demodulation with Soft-IC receiver under SU-MIMO scenario
· Status: Objective clear enough, FFS whether need to be included into Rel-18 WI with majority supports
· Moderator suggests to include this objective into Rel-18 WI with study phase.


We support to add this objective into the WI with the highest priority. Note that different from other Objective candidates discussed to be included in Rel-18 WI [4], which are all enhanced versions of existing receivers for existing scenarios, Soft-IC targets at a critical and a totally new scenario from LTE. To be specific, in NR, only one CW is defined for the number of layers no larger than 4. In this scenario, the existing CW-IC designed for LTE cannot be directly used anymore, because we have to handle inter-layer interference in addition to inter-CW interference. In order to cancel this kind of interference, we propose to introduce Soft-IC, the structure of which is shown in Fig. 1. The key idea behind Soft-IC is to use the feedback of LDPC as the prior information to further enhance the performance of MIMO detector in an iteration fashion. The steps of Soft-IC is summarized as follows:

· Step 1: Exploit R-ML as the MIMO detector in the first iteration, assuming all data symbols with equal probability. Here, the log likelihood ratios (LLRs) of information bits are the outputs of RML detector. 

· Step 2: Perform descrambling and de-interleaving, the corresponding results, i.e., the output LLRs are sent to the LDPC decoder to perform decoding. 
· Step 3: Perform interleaving and descrambling on the LLRs which are forwarded from the LDPC decoder, the output LLRs are then regarded as the priori information and sent to the MIMO detector. 
· Step 4: Exploit R-ML as the MIMO detector in the second iteration by using the prior information obtained from Step 3.
· Step 5: Perform descrambling and de-interleaving on the output LLRs obtained from Step 4. The resultant LLRs are sent to the LDPC decoder to perform decoding and then to check CRC. 
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Figure 1: The structure for Soft-IC

In the Pre-RAN#95e Rel-18 RAN4 email discussion [1], companies have main concerns on the complexity, processing delay and performance gain of Soft-IC compared to RML. 
Firstly, the obvious performance gain of Soft-IC can be obtained with comparable complexity to the baseline RML receiver. As shown in Fig. 1, we only need to consider the additional complexity introduced by Soft-IC compared to baseline R-ML, i.e., the additional complexity comes from Steps 3, 4 and 5. From our now understanding, the main complexity among these is the MIMO detector used in the second iteration, i.e., the complexity of Step 4. Fortunately, a much simplified R-ML detector with much lower complexity can be used instead in Step 4, since reliable prior information has already been obtained from the LDPC decoder in the first iteration (Step 2). Moreover, in a similar way, the complexity of the detector used in the first iteration, i.e., the R-ML detector in Step 1 can also be reduced. For example, the number of total survival paths in R-ML can be further cut down even in the first iteration compared to original R-ML. In addition, the number of inner iterations within the LDPC decoder per outer iteration (the iteration between the detector and the decoder) can also be limited, ensuring not to increase the total number of LDPC iterations in the receiver. That is to say, the total number of iterations within the LDPC decoder both from Step 2 and Step 5 is limited to be the same or even less than that of original R-ML receiver. Besides, some other complexity caused by additional one interleaver/de-interleaver and one scrambler/de-scrambler in Steps 3 and 5 is negligible. In this way, the complexity of the two-time detection of Soft-IC can be comparable to the one-time detection of original R-ML. From the above-mentioned analysis, the additional HARQ processing delay and the additional UE complexity introduced by performing iterations in Soft-IC can both be ‘WELL’ controlled. 
Secondly, other companies indeed see some performance gains though limited according to the email discussion. Regarding to the 0.2-0.5dB performance gain evaluated by some company, we suppose that this result is obtained with relatively low MCS. Higher performance gain can be expected with higher modulation order, such as 64QAM and 256QAM under medium/high channel correlation. From our evaluations, which are shown in Table 2.3-1 and Table 2.3-2, obvious performance gains - around 1.5dB gain - of Soft IC over original R-ML with 4Rx and 4-layer transmission can be observed.

Table 2.3-1: Performance comparison between Soft-IC and RML receivers with 256QAM
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Table 2.3-2: Performance comparison between Soft-IC and RML receivers with 64QAM


[image: image3]
By evaluations, we also found that Soft-IC is robust and almost has no negative performance gain compared to original R-ML in various scenarios. RAN 4 can further align some cases during the study phase.
If companies still have concerns, a study phase to evaluate the performance gain, process delay and UE complexity of soft IC over R-ML should be conducted at least. According to the investigation and alignment of Phase I, we can further discuss the performance requirements definition.
Proposal 2: Include Objective #2 ‘Soft-IC receiver under SU-MIMO interference’ into Rel-18 WI for demodulation enhancements.
2.4   Views on Objective #4 Inter-cell CSI-RS/SSB interference mitigation (IM) 
	· Detailed objective:
· Evaluate and if identified specify PDSCH requirements for Inter-cell SSB/TRS interference mitigation 
· Phase I: 
· Evaluate the PDSCH performance gain with CSI-RS(TRS)/SSB-IM compared to that without corresponding neighbouring CRS-RS(TRS) and SSB interference cancellation or mitigation under colliding CSI-RS(TRS)/SSB configuration between the serving and neighbouring cells 
· Target scenario: SSB and TRS in neighboring cells are configured in the same time and frequency location respectively 
· Phase II (if any pending on the outcome of phase I discussion): 
· Specify PDSCH demodulation requirements for Inter-cell SSB/TRS interference mitigation


Although this Objective has already been suggested to be dropped according to Moderator’s summary [1], we still insist on including this objective into Rel-18 WI with high priority. 
Firstly, we want to clarify that we observed this issue in the current commercial network with colliding TRS/SSB configuration. Sever performance degradation is observed under light network load and higher modulation order condition. 
Secondly, as shown in our paper RP-213434 [2], obvious performance gains for PDSCH can be obtained if we handle the interference on TRS/SSB with light load and higher modulation order scheduled. Also as evaluated by some companyIntel R4-2109198 for TRS-IC [3], about 0.4dB performance gain can be achieved but with MCS13 under TDLA30-10 propagation condition. Higher performance gain can be expected with higher modulation order, such as 64QAM and 256QAM, and TDLC propagation condition. In Table 2.4-1, Table 2.4-2 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 2.4-1: PDSCH performance difference due to impact on timing and frequency tracking between with and without inter-cell SSB interference
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Table 2.4-2: PDSCH performance difference due to impact on timing and frequency tracking between with and without inter-cell TRS interference
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For SSB-IM, although PBCH can be decoded successfully under lower SNR, but the residual time and frequency offset impact to PDSCH performance is not considered in R4-2207242 [4] as per our understanding. 
Thirdly, different from CRS-IC investigated for LTE, TRS/SSB is less frequent than CRS. For example, TRS is usually transmitted every 20ms. 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) for frequency tracking. Also we observed that in some scenarios, only SSB is transmitted, where 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. If large time and frequency offsets occur due to the contaminated TRS/SSB, the demodulation performance will decrease consequently. Although NR has minimal number of persistent signals, i.e., TRS/SSB may not collide with signals from other cells, TRS/SSB also likely collides with data symbols. Therefore, 
To conclude, it is of much significance to exploit advanced receiver to achieve better time-frequency tracking performance using such limit amounts of TRS/SSB to further improve PDSCH performance.
Proposal 3: Include Objective #4 ‘Inter-cell CSI-RS/SSB interference mitigation (IM)’ into Rel-18 WI for demodulation enhancements.
2.5   Views on #6 BS advanced receiver
	· Detailed objectives:
· Specify advanced receiver for suppressing inter-cell interference (FR1 only)
· Define PUSCH demodulation requirements
· Reference receiver: MMSE-IRC with DMRS based interference covariance estimation
· Note: use the DMRS for served UE’s PUSCH.
· Reuse LTE interference profiles as starting point
· Focus on slot-based transmission and aligned SCS among cells
· Status: Objective clear enough, controversial whether need to be included into Rel-18 WI
· Moderator suggests to include this objective into Rel-18 WI if RAN4 workload manageable 


We suggest to drop this objective. We would better focus on other enhancements that have higher industry interest considering the heavy workload and limited TU in RAN4. Considering MMSE-IRC is already widely supported for BS, also the BS performance can be guaranteed and verified by strict field testing, so we do not think that it is meaningful to define the related performance requirements. If company still insists on include it, more justification on the industry value to do this paper work is needed.
Proposal 4: Drop Objective #6 ‘BS advanced receiver’.
2.6   Views on #7 ATP
	· Detailed Objectives:
· Specify absolute physical layer throughput requirements with link adaption
· Note: Rel-17 RAN4 study outcome is a starting point for this objective
·  Status: Objective stable enough, FFS for how handle this objective with two options
· Option 1: Included this objective into  RAN4 performance evolution WI (majority’s preference)
· Option 2: Included into RAN5-led WI with RAN4 responsible objective 
· Moderator suggests to follow the majority, include this objective into Rel-18 RAN4 WI


We support Option 2. The evaluation conducted by RAN4 is based on the RAN5 SI as secondary working group that has not been completed yet. RAN4 has evaluated a large SNR range to cover all possible scenarios to justify the feasibility. The remaining work is to select the minimum number of cases for requirements definition, in order to meet RAN5 ATP testing. It is a waste to set such little work as a standalone Objective in RAN4 Rel-18 WI, since we have many other urgent demodulation performance enhancement work to do. It is more reasonable that RAN4 does the related work still as secondary working group after RAN5 finishes the SI and RAN5 starts a follow-up WI. Or RAN4 can define the corresponding requirements by TEI as per RAN5’s explicit request. 
Proposal 5: Propose RAN4 to define the corresponding ATP requirements by TEI as per RAN5’s explicit request OR include ATP into RAN5-led WI with RAN4 responsible objective.
2.7   Views on #9 CRS-IC receiver for NR PDSCH in scenarios with overlapping spectrum for LTE and NR
	· Tentative objectives：
· Evaluate and if identified specify neighboring cell CRS-IC receiver for NR PDSCH in scenarios with overlapping spectrum for LTE and NR
· Phase I: Study the performance gain over LLR weighting receiver, impact on UE complexity, required signalling overhead, and potential impact on processing timelines 
· Cover the two scenarios
· Scenario 1: Serving and interference cells are both operating in DSS (NR+LTE) mode
· Scenario 2: Serving cell is operating in NR mode and interference cell is operating in LTE mode
· Focused on synchronous network and 15kHz SCS
· Phase II (if any pending on the conclusion for phase I): 
· Specify PDSCH demodulation requirements with neighboring cell CRS-IC receiver for NR PDSCH in scenarios with overlapping spectrum for LTE and NR
· Status: Controversial, majority supports to drop/deprioritize this objective. 
· Moderator suggests to deprioritize this objective 


We support Moderator’s notes in the summary [1] to drop this Objective instead of deprioritize it and remove it from the WID.
After exhausted evaluations and discussions on CRS rate-matching, CRS-IM (LLR weighting) and CRS-IC in Rel-17, CRS-IM is finally selected as the baseline receiver due to its low complexity and attractive performance. The CRS-IC has a higher complexity and limited performance gain compared to CRS-IM. Since the performance gain achieved by using CRS-IM is enough to improve UE experience, we do not see commercial benefits at least so far to additionally support CRS-IC on top of CRS-IM receiver. Moreover, even though some NWA has already agreed to be introduced for CRS-IM in Rel-17, we are not sure whether additional new NWA has to be introduced for CRS-IC or re-discussion on the IE mandatory/optional attribute for the NWA agreed for CRS-IM. Considering UE vendors’ strong concerns on the UE complexity impact and limited performance gain, it is expected more hot discussions on the NWA to help UE reduce the complexity. In addition, LTE-NR coexistence scenario is transient, and this scenario is getting more and more corner. Therefore, we do not observe too much benefit to do enhancements for CRS-IC in Rel-18.
Proposal 6: Drop Objective #9 ‘CRS-IC receiver for NR PDSCH in scenarios with overlapping spectrum for LTE and NR’.

3   Conclusions
In this contribution, we share our views on Objectives to be included or dropped in Rel-18. The proposals are summarized in the following.
Proposal 1: Include Objective #1 ‘Advanced receiver to cancel inter-user interference for MU-MIMO’ into Rel-18 WI for demodulation enhancements.
Proposal 2: Include Objective #2 ‘Soft-IC receiver under SU-MIMO interference’ into Rel-18 WI for demodulation enhancements.
Proposal 3: Include Objective #4 ‘Inter-cell CSI-RS/SSB interference mitigation (IM)’ into Rel-18 WI for demodulation enhancements.
Proposal 4: Drop Objective #6 ‘BS advanced receiver’.
Proposal 5: Propose RAN4 to define the corresponding ATP requirements by TEI as per RAN5’s explicit request OR include ATP into RAN5-led WI with RAN4 responsible objective.
Proposal 6: Drop Objective #9 ‘CRS-IC receiver for NR PDSCH in scenarios with overlapping spectrum for LTE and NR’.
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