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1. Introduction
In this contribution, we discuss the potential network signaling and/or coordination to assist/enable NAICS receivers, especially ML or reduced-complexity ML (ML/R-ML) receivers as widely implemented for SU-MIMO cases before. In the LS from RAN4 [2], it was indicated that nonlinear receivers including ML/R-ML can provide significant performance gain over LMMSE-IRC in some cases.
The discussion here is part of the third objectives of the study item SID [1].
3. (RAN1) Study and evaluate the feasibility and potential system level gain as well as specification impact of further advanced receiver:

· Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments

· Evaluate the system-level gain of advanced receivers over LTE Rel-11 receivers 

· Identify any physical layer changes and network signalling needed to achieve the system level gain.

· Trade-off study between gain, robustness, and signalling/coordination complexity. If significant gain is identified for solutions with network assistance compared to solutions without network assistance, study the system and specification impact of network-assisted IS/IC

· Work can start at different time for different reference receivers 

2. ML/R-ML Receivers 
ML type of receivers is well-known and has always been an implementation option in LTE in SU-MIMO rank-2 cases. Its application in inter-cell interference scenario is also straightforward once all the required receiver information is in place. The difference between ML and R-ML, as captured below from RAN4 agreed TP [3], lies on how LLRs are derived. ML derives LLRs based on the distances corresponding to all candidates of desired and interference symbols while R-ML typically use only a subset. 
ML-type of receivers is non-linear in nature. Three types of ML receivers are also identified:

· ML: 

· Full-blown joint detection of useful and interference signals in accordance to the ML criterion 
· Interference parameters that can enable interferer channel estimation and interferer detection at symbol level (e.g. modulation) are needed. 

· Reduced complexity ML (R-ML): 

· Reduced complexity joint detection of useful and interference modulation symbols in accordance to the ML criterion (e.g. sphere decoding, QR-MLD, MLM, etc.)

· Same interference knowledge as for ML

· Iterative ML and Iterative R-ML: 

· Iterative MAP detection and decoding of useful and interference signals. Both successive and parallel processing implementations may be applied.

· In addition to the interference knowledge needed for ML, interference knowledge that can enable code word demodulation and decoding is needed.
· Additionally, assumptions on network coordination may be necessary.
We can see that the application of ML/R-ML has the following receiver assumptions at a high level:
· On each data RE, the interference also presents itself as finite constellation (i.e., QPSK/QAM)
· Interference channel(s) can be estimated

· The code structure of the interference needs to be known if it is to be exploited (only for the case of iterative ML/R-ML and IC type of receivers)
In the next section, we discuss possible signaling or coordination to enable ML/R-ML.
3. Network signaling and/or coordination to enable ML/R-ML 

First of all, we want to clarify that network signaling may or may not have any network coordination in the background and network coordination is technically agnostic to the UE but can be implied in some signaling if needed.   
3.1.  Network synchronization and CP/subframe/slot alignment 
Synchronized network deployment is widely expected and thus agreed in the NAICS evaluation assumption. CP and subframe/slot alignment is feasible in a synchronous network, especially with some network coordination in deployment.  Of course, there will be timing and frequency error in synchronized networks. Propagation distance can also cause different arrival timing at the UE. These impairments will have performance impact which could be further studied in RAN4.  
ML/R-ML receivers cancel interference in the frequency domain, i.e., after a single FFT according to the desired PDSCH timing.  Cancellation of asynchronous interference has significantly increased complexity even if feasible, and performance/robustness also needs study. The focus here is ML/R-ML instead of IC type of receivers any way. Whether the network needs to ensure UE the CP/subframe/slot alignment and how, or whether the UE can rely on its own detection could be part of the tradeoff study. In general, CP/subframe/slot alignment should not pose much complexity or constraint in synchronized networks. 
Observation # 1:  CP/subframe/slot alignment should not pose much complexity or constraint in synchronized networks. 
3.2.  Interference PDSCH starting symbol, allocation information, and TM 

PDSCH starting symbol
The interference cell PCFICH contains the CFI which indicates the starting symbol of interference PDSCH. There are three different cases to consider:
· Aligned PDSCH ( Interference characteristics (e.g., observed channel after transmission scheme, interference power, and modulation order) is the same for all the REs in a PRB of the desired PDSCH, except at the RS positions (e.g., CRS, CSI-RS, DMRS)
· Desired PDSCH starting earlier ( Suffering from PDCCH interference on the first up to 3 OFDM symbols, as well as the entire interference PDSCH
· Desired PDSCH starting later (  Suffer from partial interference PDSCH only
The previous agreement in RAN1#73 is “PDSCH to PDSCH collision in situations within control channel coverage is the first priority in frame synchronized scenario”. Aligning PDSCH region is possible with network coordination which may post constraints or incur larger PDCCH overhead than necessary. In the case of misaligned PDSCH, the performance impact depends on the receiver types. For receivers that explicitly decode and cancel the interfering PDSCH (which is not the case for ML/R-ML), the starting symbol is required for sure. But for ML/R-ML receivers, to what extent CFI information can improve performance needs further study, as well as whether CFI is signaled or based on UE detection of interference cell PCFICH. 
Observation # 2:  Aligning PDSCH region is possible with network coordination which can post constraints or incur larger-than-necessary PDCCH overhead in some cases. In the case of misaligned PDSCH, whether CFI information is needed or whether it can improve ML/R-ML performance needs further study, as well as whether CFI is signaled or detected by UE from interference cell PCFICH.
PDSCH allocation  
On any given PRB of the desired PDSCH, there may or may not be any interference from a particular cell (assuming aligned PDSCH for the sake of discussion). Interference presence on each PRB pair may be detected from DMRS in TM7/8/9/10 and the detection problem can be part of the interference channel estimation. Any signaling of interference presence requires the study of the tradeoff between overhead/feasibility and potential benefit in terms of performance robustness. For CRS-based TMs, a UE cannot make the detection based on CRS. Note that with distributed resource allocation using VRB in the CRS-based TMs, any detection will have to be based on PRB instead of PRB pair.
If interference PDSCH allocation is known to the UE, detection will not need to be per-PRB or per PRB-pair detection but rather based on the entire allocation. Interference PDCCH decoding to obtain allocation information can be challenging. Signaling of the interference resource allocation can be very expensive since the RA field requires the largest amount of bits among all fields. Note that eNB will have to signal all relevant PDSCH allocations in order to cover the desired PDSCH. Individual signaling can be more wasteful compared to broadcast. Network coordination on the PDSCH allocation can certainly reduce the signaling overhead, but the associated signaling constraint can be very undesirable considering traffic needs. 
Observation # 3:   Interference presence on each PRB pair may be detected from DMRS, but a UE cannot make the detection based on CRS only for CRS-based interference PDSCH. Network signaling of PDSCH allocation can help, but large overhead is a concern. Network coordination is also possible, but with undesirable scheduling constraint.
PDSCH TM 

If interference PDSCH is present, ML/R-ML receivers need to know the TM which can be either one of the CRS based TMs or DMRS-based TMs on MBSFN or non-MBSFN subframes, as illustrated below (PSS/SSS, CSI-RS, and PRS are not considered yet). 
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In DMRS-based interference, interference detection on a per PRB-pair basis is possible and may be done without PDSCH allocation information. But the UE needs to detect whether interference is in a DMRS TM on a per-PRB basis. Otherwise, per-PRB TM signaling may be needed. For CRS-based TMs, if PDSCH allocation can be signaled, it should not incur too much additional overhead to additional signal the TM.

Observation # 4:  ML/R-ML receivers need to differentiate DMRS and CRS based TM on a per-PRB basis, based on either UE blind detection or network signaling/coordination.
3.3.  Interference channel estimation 
All NAICS receiver requires per-subcarrier interference channel estimation while the baseline LMMSE-IRC does not require per-subcarrier interference channel knowledge. Note that WLMMSE-IRC could benefit from per-subcarrier channel knowledge in the same way as E-LMMSE-IRC, even though it can also function without per-subcarrier channel. To estimate the interference channel, the RS of the interferers needs to be known to the UE, which means the following parameters:

· For CRS-based TM of interferers: cell ID, number of CRS ports, PMI (TM4 &6), RI (TM3 &4), data RE to CRS EPRE ratio
· Cell ID and number of CRS ports can be detected or signalled using existing Rel-11 mechanism developed in FeICIC.
· PMI/RI detection is possible but needs more study. On the other hand, if PDSCH allocation is signaled, PMI/RI signaling may not incur too much additional overhead
· Data RE to CRS EPRE ratio detection or signaling also needs further study   
· For DMRS-based TM of interferers: cell ID or 
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needs to be signalled or coordinated if different from cell ID
· RI and nSCID could be detected technically, but needs tradeoff study on robustness versus signalling overhead
To further cancel interference a reference signal of an interferer, the corresponding reference signal configuration parameters are needed, including subframe type (i.e., MBSFN or non-MBSFN) information. 
Observation # 5:  Enabling per-subcarrier interference channel estimation is needed to ML/R-ML receivers. CRS-based cases can be more complicated than DMRS-based cases, but a combination of UE detection and signaling/coordination is feasible.  
3.4.  Modulation order and MCS/RNTI information  
ML/R-ML requires modulation order information on a per-PRB basis. Whether it can be detected by a UE or needs to be signaled requires further discussion, considering the performance degradation under realistic detection against signaling feasibility/overhead.
MCS and RNTI information are required to decode the interference PDSCH for L-CWIC, ML-CWIC, and iterative (R)-ML receivers, not for ML/R-ML. If interference PDSCH is a HARQ retransmission, RV information is required additionally.  UE detection of these parameters is not feasible and signaling of these parameters can incur large overhead if feasible. Network coordination such as aligned resource allocation can reduce receiver complexity, but with scheduling constraint.
Observation # 6:  ML/R-ML requires modulation order information on a per-PRB basis via either blind detection or signaling (require further study). 
4. Conclusion
In this contribution, we discuss the potential network signaling and/or coordination to assist/enable NAICS receivers, especially ML or reduced-complexity ML (ML/R-ML) receivers as widely implemented for SU-MIMO cases. The application of ML/R-ML has the following receiver assumptions at a high level:

· On each data RE, the interference also presents itself as finite constellation (i.e., QPSK/QAM)

· Interference channel(s) can be estimated

We have the following observations:
Observation # 1:  CP/subframe/slot alignment should not pose much complexity or constraint in synchronized networks.  

Observation # 2:  Aligning PDSCH region is possible with network coordination which can post constraints or incur larger-than-necessary PDCCH overhead in some cases. In the case of misaligned PDSCH, whether CFI information is needed or whether it can improve ML/R-ML performance needs further study, as well as whether CFI is signaled or detected by UE from interference cell PCFICH.
Observation # 3:   Interference presence on each PRB pair may be detected from DMRS, but a UE cannot make the detection based on CRS only for CRS-based interference PDSCH. Network signaling of PDSCH allocation can help, but large overhead is a concern. Network coordination is also possible, but with undesirable scheduling constraint.
Observation # 4:  ML/R-ML receivers need to differentiate DMRS and CRS based TM on a per-PRB basis, based on UE blind detection or network signaling/coordination.

Observation # 5:  Enabling per-subcarrier interference channel estimation is needed to ML/R-ML receivers. CRS-based cases can be more complicated than DMRS-based cases, but a combination of UE detection and signaling/coordination is feasible.  

Observation # 6:  ML/R-ML requires modulation order information on a per-PRB basis via either blind detection or signaling (require further study). 

In light of these observations, it is suggested to focus the study on the tradeoffs between performance gain, robustness, and signalling/coordination complexity, with RAN1 focusing on signaling/coordination feasibility and system level performance impact from scheduling constraint and RAN4 on blind detection feasibility and performance degradation modeling.   
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