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1. Introduction
This document summarizes company inputs on NAICS receivers during RAN4 email discussion RAN4 email discussion after RAN4#68. 
The Rapporteur’s original suggestion on how to conduct the email discussion that was kicked off on August 28th:
1) Agree on the candidate receivers for which company have provided phase-1 results or will commit to provide phase-1/2 results in RAN4#68bis. Companies are encouraged to provide an elaborated description of the receivers, additional to the current agreed TP in R4-134477. 
a. In the description, provide assumed/required interference knowledge and/or network coordination assumption
b. Companies are also encouraged to provide analysis on demodulation/decoding complexity, blind or partially blind detection complexity (when relevant), and network signaling and coordination complexity/feasibility
c. Target deadline: Sept 9th
2) Company view of same receivers will be compared and reach some consensus, in the form of TP for example.
a. Target deadline: Sept 16th
3) Link abstraction  modeling (Sept 2nd ~20th)
a. Agree on the key parameters or receiver processing step(s) that needs to be modeled, depending on their impact on performance abstraction 
b. Try to agree on general methodologies and parameters if possible.
A total of 12 companies provided for the first-round of view collecting according to a spreadsheet embedded in section 2. The Rapporteur kicked off a second round of discussion on September 13th and company feedback was captured in section 3.
Proposal: 
1. Endorse the summary similar as ad-hoc minutes
2. 
2. Company Input (as of Sept 11th)
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3. Receiver assumptions
Receiver type
In addition to the baseline MMSE-IRC receivers, the following are NAICS receivers in order of level of interest for further system level study:
	Receiver types
	Level of interest (companies expressed preference for system level evaluation, out of a total of 12 companies that expressed views)

	R-ML 
	9

	E-LMMSE-IRC
	7

	SLIC
	7

	WLMMSE-IRC 
	3

	L-CWIC
	3


	Iterative (R)-ML
	1


	ML
	0

	ML-CWIC
	0

	PLIC
	0


Proposal:
· At least for the purpose of developing system level modeling methodologies, focus on the top 5 receivers. 
[Company views here]
[Samsung] Ran1 is responsible for SLS. We don't understand why RAN4 need to do receiver down-selection for SLS evaluation. We don't see the necessity to down-select the receiver type for SLS in RAN4.
Ericsson: It was decided to mention 3 receivers of interest in order to provide system level analysis. We think that we should select the first 3 receivers only and indicate this as priority to start with for SLS in RAN 1.

[Intel] The system-level analysis is in the RAN1 scope. So the receiver prioritization for system-level studies is also the RAN1 task. We think that RAN4 should not perform further IS/IC receiver down-selection for system-level studies and can provide information on the “Level of interest” above.
[Nokia,NSN] At least for ML, ML-CWIC and PLIC, no company showed interest and thus we see no need to further consider them for system level modeling methodologies.
[Huawei]In the SID, RAN4 is responsible to identify reference IS/IC receivers with and without network assistance, evaluate their performance/complexity trade-off and implementation feasibility. If there is no or little work has/will be done on certain types of receivers, we don’t see any significant meaning to inform RAN1 about that kind of receiver types. So we agree that we should focus on the top 5 receivers.
[Rapporteur] The SID objective for RAN4 is to “Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility”.For that purpose, our LS to RAN1 has stated some phase-1 performance observations for 5 receivers (ML/R-ML, SLIC, CWIC, E-LMMSE-IRC and WLMMSE), which is aligned with the proposal here. This email discussion is to identify further possible agreement in RAN4 that can be useful to RAN1 for their task of “Develop system level modelling methodologies for the IS/IC receivers identified in step-2 including input from RAN4 on relevant impairments”.  If we don’t have further agreement to be indicated, that is ok. But for the receivers already identified, RAN4’s input on modeling is still very much expected. We should aim for providing further information on realistic performance modeling in RAN4#68bis. So I suggested at least focusing the task on receivers that are already identified and many companies expressed interest on (in other words “committed” to such system level study).

[Qualcomm]: 

· Agree with the rapporteur’s proposal to focus on receivers identified to be of interest to RAN4. Our view is to start with the top 3 receivers as first priority and indicate to RAN1 which receiver types will have sufficient RAN4 analysis on link to system mapping. RAN1 could decide their priority taking RAN4 inputs into account.

· Companies were requested to choose up to 3 receivers in the original discussion, whereas some companies ended up choosing more than 3. Therefore, the above numbers are skewed and may have to be updated.

[Broadcom] Receiver down-selection is part of RAN1tasks per study item description. However, it is clear that those receivers with no interest might automatically be removed.
[DOCOMO] We would like to clarify which WG has responsibility for receiver down-selection. From the viewpoint of RAN1 work, it seems to be hard to develop system-level simulations when a lot of receiver types are focused.
[Samsung] RAN1 is responsible for SLS evaluation and RAN4 has already provided the input on identified receiver types which are captured in the agreed TR. If further receiver type down-selection is needed, the input from both RAN4 and RAN1 evaluation need to be taken into  account. Furthermore, the proposal is for receiver down-selection for RAN1 SLS, it seems to be strange to make such statement  in RAN4.
[Renesas] To our understanding, the original intention is to check the interest of companies rather than down-selection of receivers. Considering the fact that no company is interested for ML, ML-CWIC, PLIC and only one company is interested in iterative (R-)ML, it is fair to consider top 5 receivers for further studies as proposed by Rapporteur.
Synchronization assumption:
Observation: Synchronous network deployment is assumed for NAICS receivers. Performance impact of timing and frequency synchronization error can be studied in the future. 
[Company views here]
[Samsung] Agreed synchronous network deployment as baseline receiver assumptions.
[Ericsson]: Synchronization can be working assumtption, but should’t we consider also cases for asynchronous network as done for LMMSE-IRC?

[Intel] Agree with the observation. There is no need to consider asynchronous networks at the SI stage.
[Nokia,NSN] (Symbol-) synchronous network should be the baseline assumption at this stage. However, timing and frequency offset need to be further modeled.

Asynchronous networks may be considered in a later stage. However, we note that the LMMSE-IRC baseline receiver is particularly robust in this respect as it relies solely on the received interference + noise covariance. The UE may measure the received covariance without synchronizing to the interfering transmissions. All the enhanced receivers considered in this SI so far would be much more complex to be implemented in an asynchronous network. Moreover, the gain obtained in that case is likely to be reduced. For example, considering a CWIC receiver, the receiver should perform completely independent processing for the interfering signal starting with synchronization in time domain to the interfering cell, and then ending with performing the subtraction of the regenerated signal in time domain again. Furthermore, the gain from doing this only for PDSCH of the interferer would result in much smaller gain as compared to the LMMSE-IRC baseline. This is because all the other channels and reference signals would be interfering still with the desired PDSCH transmission due to lost orthogonality property of OFDMA physical layer. There would not be any gain mechanism available against this residual interference, as it would be at best only handled by the LMMSE-IRC baseline.
[Huawei] Network synchronization is essential to realize the NASIC receiver gains over MMSE/MMSE-IRC receivers and should be taken as baseline network assumptions. The impact of network synchronization errors could evaluated later for reference receivers.
[Rapporteur] Seems to be agreeable. Synchronization error modeling can be done during future link level evaluation. If it needs to be modeled at the system level, interested company should provide a proposal on the link-to-symbol modeling.  Study of receiver performance under asynchronous network can be treated similarly. 
Propose to capture in the TP as “Synchronous network deployment is assumed for NAICS receivers in the study phase. Receiver performance degradation from timing and frequency synchronization error is expected and can be studied in the future.”
[Qualcomm]: Agreed that synchronous deployment can be assumed for NAICS receivers. However, within the synchronous case, timing and frequency error need to be considered according to prior RAN4 agreement. If time allows, asynchronous case could also be studied in a later phase.Propose to word it as:
“Synchronous network deployment is assumed for NAICS receivers in the study phase. Receiver performance evaluations considertiming and frequency synchronization error. Asynchronous network deploymentcan be studied in the future.”
[Broadcom] We also agree with Qualcomm’s proposal that when we were discussing the study item, only the synchronous case was considered for this phase and assuming we have enough time we can come back to the asynchronous case at a later stage.
[DOCOMO] Currently our understanding is that the receivers except for MMSE/MMSE-IRC can be effective only in synchronous network deployment. In other words, the performance of those receivers seems to degrade compared to MMSE/MMSE-IRC receivers when assuming asynchronous network deployment. As the future work, we should study further for asynchronous network deployment, including the discussion of NAICS On/Off features. 
[Samsung] Agreed to the proposed TP from Rapporteur to assume synchronous network deployment as baseline at least in SI phase.
[Renesas] Agree with the proposed TP from Rapporteur. Considering the limited time for the SI phase, the main focus needs obviously to be the synchronous case. As highlighted by Nokia/NSN, the asynchronous case would mandate significantly more complex receiver processing and the gains wrt. LMMSE-IRC processing would not even be necessarily guaranteed. For timing/frequency errors, these are also related to inter-eNodeB impairments in conjunction with network deployment scenarios, which may need more time for discussion especially for the non-CoMP case. 


CP and subframe/slot alignment 
Observation: Under synchronous deployment, subframes/slots are further assumed to be aligned when applying NAICS receivers. Since NAICS receivers suppress or cancel interference in the frequency domain, i.e., after a single FFT, serving and interfering cells are assumed to be subframe/slot-aligned with the same CP in the study. This can be achieved with network coordination. Whether the network needs to ensure the validity of such assumptions or the UE relies on its own detection could bestudied further, based on, for example, the observed performance under incorrect assumption.
[Company views here]
[Samsung] Preferred to have the same CP and subframe/slot alignment as baseline receiver assumptions.
[Ericsson]: if the network is assumed to be synchronized then the subframe/slot could be considered to be aligned up to the synchronization capability of the network. For the CP length, in principle the UE can not assume whether the network uses the same CP. If the NCs have a different CP setting then in practice the symbols become unsynchronized. This would be similar to a non-synchronized network. Some coordination orblind detection could be potentially considered.

[Intel] Synchronous network deployment results in subframe/slot alignment.Network coordination in terms of CP alignment should be assumed for NAICS receivers.
[Nokia,NSN] Agree that network coordination for CP alignment could be assumed. And the subframe/slot alignment should be according to the synchronization capability of the network.Timing and frequency offset need to be further modeled.
[Huawei] Same as with synchronization, CP and subframe/slot alignment should be the baseline NASIC receiver assumptions.
[Rapporteur] Propose to capture in the TP as “CP and subframe/slot alignment is considered to be a reasonable receiver assumption in synchronous network, especially with some network coordination effort.”  
[Qualcomm]: Our preference is to have the same CP with subframe/slot alignment during the study item. Robustness in under mixed CP deployment could be evaluated in the work item phase.
[Broadcom] Agree with Rapporteur’s proposal.
[DOCOMO] As the Rapporteur’s proposal, when assuming synchronous network deployment, CP and subframe/slot alignment can be considered with some NW coordination effort. 
[Samsung] Agreed to the proposed TP from Rapporteur to assume the same CP and subframe/slot alignment as baseline at least in SI phase.
[Ericsson]: CP can be chosen independently from different cells even if the cells are synchronized. We propose to divide the sentences into 2 parts, i.e. for slot and subframe alignment and CP length alignment. Also note that E-LMMSE-IRC is robust to synch or asynch network. This could be mentioned in the TR.  
“Subframe/slot alignment is considered to be a reasonable receiver assumption in synchronous network during study item. Additionally CP is considered to be aligned for the purpose of the analysis. This could be achieved, if needed, with e.g. some network coordination effort.”
“It is noted that some receivers such as E-LMMSE-IRC are more robust wrt network synchronization.”

[Renesas] Agree with TP from rapporteur. This alignment assumption is reasonable, especially since it has been the de-facto working assumption in RAN4 studies until now. In addition, WLMMSE is also robust wrt network synchronization.



Starting symbol of PDSCH 
Observation: The starting symbol of PDSCH, indicated by CFI in PCFICH, may or may not be aligned between serving and interference cells. Misaligned PDSCH can degrade receiver performance, especially if the desired PDSCH is interfered by not only PDSCH, but also PDCCH. Alignment of PDSCH can be achieved with network coordination. Whether CFI of interfering cells is needed for NAICS receivers or to what extent such knowledge can improve NAICS receiver performance can be further studied. 
[Company views here]
[Samsung] Preferred to have the same CFI as baseline receiver assumptions.
[Ericsson]: depending on the receiver type this information the amount of performance impact varies. E.g. for E-LMMSE-IRC the performance impact is low. For SLIC the knowledge of this parameter provides minor performace benefits. For receivers such as L-CWIC, knowledge of this parameter is essential. Potentially the UE could detect this parameter or will know this parameter after reading NC PCFICH.
[Intel] The baseline NAICS link-level studies should assume aligned CFI values.Further, the impact of non-aligned CFIs can be studied and the need for parameter detection/coordination/signaling can be discussed.
[Nokia,NSN] Agree that the impact of CFI knowledge depends on the receiver type. However, it should be sufficient to note the issue, and perform the evaluations under CFI coordination assumption.
[Huawei] NASIC receiver performance will be impacted whether or not UE has this CFI knowledge. Performance evaluation with or without aligned CFI seems necessary to justify the network scheduling restriction.

[Rapporteur] Propose to capture in the TP as “AlignedPDSCH region is possible with network coordination effort.  The performance impact of misaligned control channel regions (i.e., misaligned starting symbol of PDSCH) depends on the receiver types, as well as whether the desired PDSCH is under the interference of only PDSCH or both PDSCH and PDCCH. In the latter case, the interference characteristics on overlapped REs can be different from other REs due to the different resource mapping of PDCCH, the transmission power, transmission scheme, etc.  For receivers that explicitly decode and cancel the interfering PDSCH, the starting symbol (i.e., CFI) is required.”  
[Qualcomm]: Prefer to have the same starting CFI considering that NAICS study has focused on PDSCH over PDSCH. We believe this parameter need not be signaled, but can be coordinated to be the same value or detected by the UE. Robustness under different CFI could be evaluated under the work item phase. Agree with the proposed wording.
[Broadcom] As part of the last WF in RAN1 for the study item phase we agreed to consider PDSCH over PDSCH analysis and the same PDCCH length. We prefer to have the same starting CFI with some coordination/signaling which can be discussed/studied further.
[DOCOMO] During the NAICS SI, the starting symbol of PDSCH should be aligned between the serving and interfering cells.
[Samsung] Agreed to the proposed TP from Rapporteur to assume the aligned PDSCH region as baseline at least in SI phase.
[Ericsson]: The UE could blindly detect this parameter. Requiring the network to use the same CFI for different NC, may have negative effect. During the SI we could consider aligned CFI for the purpose of the analysis but it does not seem appropriate to require aligned CFI via coordination based on the reason that we have decided to do analysis only on one possible interference type (PDSCH over PDSCH) because of strict time frame. In reality PDCCH can also interfere. We propose the following modification to the text 
“The performance impact of misaligned control channel regions (i.e., misaligned starting symbol of PDSCH) depends on the receiver types, as well as whether the desired PDSCH is under the interference of only PDSCH or both PDSCH and PDCCH. In the latter case, the interference characteristics on overlapped REs can be different from other REs due to the different resource mapping of PDCCH, the transmission power, transmission scheme, etc.  For receivers that explicitly decode and cancel the interfering PDSCH, the starting symbol (i.e., CFI) is required. The UE could potentially detect this parameter.” 

[Renesas] The same CFI configuration should be the main focus and requires reasonable network coordination effort. We remind that this is currently the working assumption in RAN1.


Interference channel estimation
Observation: All NAICS receiver requires per-subcarrier interference channel estimation. Note that WLMMSE-IRC operates similarly as the baseline LMMSE-IRC ( i.e., without per-subcarrier interference channel knowledge) with the main difference on the WLMMSE-IRC’srequirement of PAM modulation on interferers. But WLMMSE-IRC could benefit from per-subcarrier channel knowledge in the same way as E-LMMSE-IRC. 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 
· For DMRS-based TM of interferers: cell ID or 
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(when configured), number of DMRS ports (i.e., RI), nSCID
· To cancel interference from CRS and CSI-RS of dominant interferers, CRS and CSI-RS configuration information is also needed.
Further discussion is needed on what (subset) information may be detected by UE or needs to be made available to UEs via signalling, with or without network coordination. 
[Company views here]
[Samsung] Agreed most analysis for the required interference information for interference CE here. However, for DMRS-based TM, cancelling CRS or CSI-RS may be not necessary. Then, it is preferred to remove the sub-bullet.
[Ericsson]: For CRS based TM, Data to RE EPRE: It may be beneficial to signal this parameter however, power ratio is changing continuously and hence the signaling could easily become too expensive. Some network coordination is needed here to reduce the overhead related to complexity. Other parameters could be potentially blindly estimated. For DM-RS based TM for Cell ID and Virtual cell ID some network coordination may be needed. The other parameters could be potentially blindly estimated. Note that in order to exploit all the benefits of UE NAICS capability, cancelling CRS or other interfering RS is also needed. 

[Intel] Agree with the observation.The information on CSI-RS of dominant interferers may be needed not only in case of DMRS-based TM interferer. For instance, the interferermay have a mix of CRS and DMRS TMs and have CSI-RS transmission. The CRS configuration information is also beneficial for interferer with any of CRS or DMRS based TMs. For DMRS-based TM interference, the knowledge of the exact DMRS antenna ports is needed along with the number of antenna ports.
[Nokia,NSN] Agree with the observation. However, last sub-bullet could be moved as a separate bullet, since it applies in general. It could be reworded:

· “To cancel interference from a reference signal of an interferer, the corresponding reference signal configuration parameters are needed”
[Huawei] Mostly Agree. The dominant CSI-RS interference is difficult to cancel since it is UE specific. Further discussion may be needed on whether it is required to cancel CSI-RS. 
[Rapporteur] Propose to capture in the TP as below 

“All NAICS receiver requires per-subcarrier interference channel estimation. Note that WLMMSE-IRC operates similarly as the baseline LMMSE-IRC (i.e., without per-subcarrier interference channel knowledge) with the main difference on the WLMMSE-IRC’s requirement of PAM modulation on interferers. But WLMMSE-IRC could benefit from per-subcarrier channel knowledge in the same way as E-LMMSE-IRC. 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 

· For DMRS-based TM of interferers: cell ID or 
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While some parameters may be blindly estimated, some others can be very difficult to estimate/detect in which case signalling will be beneficial. Network coordination may also be needed to reduce the signalling overhead.  To further cancel interference a reference signal of an interferer, the corresponding reference signal configuration parameters are needed.”
[Qualcomm]:

· For CRS-based TM of interferers: Agreed on the information set. For data RE to CRS EPRE ratio, we agree with Ericsson’s view that dynamic signalling could be too expensive, but semi-static measures such as restriction of the EPRE ratio to a smaller subset of allowed values may help UE’s performance and complexity. Other parameters can be estimated by the UE. Mixed CRS-DMRS interferer scenarios also need to be considered for the purpose of CSI-RS information.
On “While some parameters may be ......” – it seems to not be a particularly informative statement without more specifics. We propose to use the following wording:

Further study is required on what parameters could be blindly estimated and when signalling will be beneficial. Similar analysis is required for network coordination also.  To further cancel interference a reference signal of an interferer, the corresponding reference signal configuration parameters are needed.”
[Broadcom] I think it’s not clear that the interferers have similar TM based mode or not. Either they have to be coordinated or the cased of mixed CRS/DMRS based TMs should be further studied. We prefer the original statement from Rapporteur that “Network coordination may also be needed to reduce the signalling overhead”.
[DOCOMO]Tend to agree. The mixed TMs scenarios need to be investigated.
[Samsung] We also agreed that network coordination is beneficial to reduce the signaling overhead. Overall, we agree to the proposed TP by Rapporteur.
[Ericsson]:  We agree that mixed TMs (CRS and DM-RS mode) should be considered as well. We prefer the wording:  Further study is required on what parameters could be blindly estimated and when signalling will be beneficial with/without network coordination to some extent to reduce signalling overhead. To further cancel a reference signal of an interferer, the corresponding reference signal configuration parameters are needed.”
[Renesas] In general, agree with TP from rapporteur with the following amendments:

1. A minor modification of the part of the TP related to WLMMSE: “with the main difference on the WLMMSE-IRC’s requirement of PAM modulation on dominant interferers”.
2. We would request to remove the sentence “To further cancel interference a reference signal of an interferer, the corresponding reference signal configuration parameters are needed.” as it does not bring additional information for either one of CRS or DM-RS interferer channel estimation, since all the needed RS configuration parameters are already stated in the corresponding sub-bullets. Whether to cancel a reference signal of an interfere has not been studied yet.


· 
· 


PDSCH allocation and TM information 

Observation:Interference presence detection on PRBs is closely related to interference channel estimation. PRB occupation of interference PDSCH may be detected from DMRS in TM7/8/9/10. The need of signaling of PDSCH allocation and TM requires further discussion. For CRS-based TMs, a UE cannot make the detection using CRS. Further discussion is needed on interference presence detection or signaling, as well as for TM. 
[Company views here]
[Samsung] Interference presence information is required for NAICS receiver, no matter it relies on network signaling or UE detection
[Ericsson]: TM detection could potentially be done in a blind manner. However the reliability of such detection need to be discussed further. For the PDSCH allocation, signaling can be very expensive.  Some network restriction seems needed in order to restrict the PDSCH allocation possibilities. Depending on this potentially blind detection can be applied.

[Intel] The information on the PDSCH presence and TM is requiredwith a per PRB pair granularity.The performance degradation due to lack of signaling of the information may be further studied. Network coordination may be applied to reduce the amount of signaling.
[Nokia,NSN] Detection of PDSCH allocation and TM may be studied in future if it is seen feasible. As this point, we can only state that the knowledge of these parameters is essential to the corresponding receivers.

[Huawei] The TM and its allocation information are needed. Network coordination could be applied to reduce the signaling overhead or detection reliability/complexity.
[Rapporteur] Propose to capture in the TP as below:

“The knowledge of interference presence and TM is needed for NAICS receivers at each PRB pair, obtained from network signaling/coordination or UE blind detection (FFS).”
[Qualcomm]: Interference presence and TM information are required and detection could be done blindly at the UE. PDSCH allocation is not necessary for symbol level receivers such as SLIC and R-ML. Dynamic signalling of the above parameters at a subframe / RB level can be very expensive. Agree with the wordings above.

[Broadcom] As also stated in previous item the TM and its allocation information are needed and some network signaling/coordination is needed specifically to avoid situations with mixed TM modes for interfere. In those cases the network coordination may be needed to reduce the signaling or complexity reduction. 
[DOCOMO] Interference TM information seems to be required when assuming mixed TMs. Interference presence information should be required at the NAICS receiver when the interference signals are transmitted with CRS-based TM. Network signaling/coordination or UE blind detection is FFS.
[Samsung] Agree to the proposed TP by Rapporteur.
[Ericsson]: We prefer to divide the two cases as they are not equal. It may be decided at the end to use signaling or coordination or blind detection for both or a different approach for the PDSCH allocation and TM. In particular we think that TM could be a good candidate for UE  detection.

 “The knowledge of interference presence is needed for NAICS receivers at each PRB pair, obtained from network signaling/coordination or UE blind detection  or a combination of the two.

The knowledge of the TM is needed for NAICS receivers. It can be obtained from UE blind detection, network signaling/coordination or a combination of the two.”
[Renesas] We agreed with the TP by the rapporteur. Furthermore, we would add that for WLMMSE, “the knowledge of interfering TM is not needed”. For other receivers, whether the knowledge of TM can obtained from UE blind detection would be FFS since there is no such study in RAN4 yet.


Modulation Order
Observation: The modulation order of an interfering PDSCH is required for ML and R-ML receivers. Whether it can be detected by a UE or needs to be signaled requires further discussion, taking into account the performance under realistic detection, as well as signaling feasibility/overhead.
[Company views here]
[Samsung] Agreed
[Ericsson]: information on the modulation order could provide some gains also for SLIC, not only for ML. This parameter could be potentially blindly estimated. Also the effect of the erroneous estimation of this parameter may change depending on the receiver type.

[Intel] The impact of blind modulation orderdetection on the performance needs to be analyzed. Additional receiver complexity is introduced due to modulation detection and needs to be taken into account when deciding on the need for signaling/detection. Potential network coordination enhancements to improve the detection performance or reduce the amount of signaling may be considered.

[Nokia,NSN] Agree. However, as noted from Ericsson, this knowledge is needed for all receivers except LMMSE-IRC and E-LMMSE-IRC. Blind detection may be studied in later stage.

[Huawei] In addition to signaling overhead and detection impact evaluation, other schemes of implicit signaling to help reduce signaling overhead and improve detection complexity may be included.  
[Rapporteur] Propose to capture in the TP as below:

“Themodulation order of an interfering PDSCH is required for all receivers except for LMMSE-IRC and E-LMMSE-IRC receivers on a per-PRB level, obtained from network signaling/coordination or UE blind detection (FFS).”
[Qualcomm]: Modulation order is required by SLIC receivers also. This parameter can be detected by the UE. The cost of dynamic (per subframe/RB) signalling can be very expensive. Agree with the wording above.
[Broadcom] Agree. 
[DOCOMO] Modulation order is required both for SLIC and (R)-ML receivers.
[Samsung] Agree to the proposed TP by Rapporteur.
[Ericsson]:  Coordination (i.e. restricting the modulation order usage in the NC) may degrade the performance on the NCs. Our preference would be to remove it or to mention this aspect. 

“The modulation order of an interfering PDSCH is required for all receivers except for LMMSE-IRC and E-LMMSE-IRC receivers on a per-PRB level, obtained from network signaling or UE blind detection (FFS). ”

[Renesas] For WLMMSE, the modulation order of an interfering PDSCH is not needed. 


MCS, RNTI, and HARQ information needed for decoding
Observation: MCS andRNTI information are required to decode the interference PDSCH for L-CWIC, ML-CWIC, and iterative (R)-ML receivers. If interference PDSCH is a HARQ retransmission, RV information is required additionally.  UE detection of these parameters is not feasible and signaling feasibility/overhead needs further study.

[Company views here]
[Samsung] Agreed. Furthermore, resource allocation alignment by network coordination is required for L-CWIC, iterative (R)-ML receiver to reduce complexity. 
[Ericsson]: Signaling of these parameters can become very expensive. Network restriction (which limits the use of certain MCS in the NC) can impact the cell throughput in NC. Blind detection could be potentially analyzed together with the reliability of the estimation and its effect depending on the receiver type. 
[Intel] Agree with the observation.Additional information on the interferer soft buffer partitioning is needed. UE detection of these parameters is not feasible and network signaling is required. Network coordination approaches may be used to reduce the signaling overhead and improve the performance.
[Nokia,NSN] Agree. 
[Huawei] Agee. Network signaling and coordination is necessary for codeword wise type of NASIC receivers.  
[Rapporteur] Propose to capture in the TP as below:

“MCS and RNTI informationare required to decode the interference PDSCH for L-CWIC, ML-CWIC, and iterative (R)-ML receivers. 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, or with network coordination (i.e., with scheduling constraint) to reduce signaling overhead. Aligned resource allocation is also necessary to reduce receiver complexity.” 
[Qualcomm]: We share the view that dynamic signalling can be very expensive and coordination may limit the system throughput.

[Broadcom] We believe the coordination or aligned resource allocation provides more advantages than dynamic signaling. However, we prefer to have this as FFS. I suggest we reword the last two sentences to clarify FFS rather than a concrete statement.
[DOCOMO] Tend to agree. The codeword decoding receiver, e.g., CW-IC and iterative (R)-ML, should require MCS, RNTI, and HARQ information. Although NW coordination might reduce the signaling overhead, that restriction seems to limit the system throughput.
[Samsung] Agree with most part of the proposed TP by Rapporteur in general. However, we think the statement "signaling of these parameters can incur large overhead if feasible " is a bit too strong and may also need RAN1's input. Thus, we suggest to remove the last 2 sentences or revise it as below:
"UE detection of these parameters is not feasible and network coordination (e.g. aligned resource allocation) is beneficial to reduce signaling overhead and reduce receiver complexity.”

[Ericsson]: We propose the following wording, i.e. we suggest to mention that as an initial assessement signaling is complex, detection is complex or not sufficiently reliable and coordination degrades performance. Additionally the amount of complexity reduction due to resource alignment was not clearly shown. We prefer having a milder statement: “MCS and RNTI information are required to decode the interference PDSCH for L-CWIC, ML-CWIC, and iterative (R)-ML receivers. If interference PDSCH is a HARQ retransmission, RV information is required additionally.  UE detection of these parameters is not feasible or the level of reliability may not be sufficient for certain receiver types,   and signaling of these parameters can incur large overhead if feasible and network coordination (i.e., with scheduling constraint) to reduce signaling overhead may reduce the performance of NC. This needs further analysis. It was highlighted that network restriction such as the use of aligned resource allocation could reduce receiver complexity. This is FFS.” 
[Renesas] For the last two sentences in TP, more discussion and studies are preferred before drawing the conclusion. Also, part of this discussion belongs to RAN1 at the end.


PAM modulation 
Observation: WMMSE-IRC requires the interferers to use PAM, instead of QPSK/QAM as used in the current LTE air interface and assumed by all other NAICS receivers. Such operation may or may not need to be signaled.  
[Company views here]
….

[Rapporteur] Propose to capture the above sentence in the TP

[Renesas] a minor modification on the first sentence: “WMMSE-IRC brings the most benefit when requires the dominant interferers to use PAM…”


4. System level modeling  
Observation: All companies have identified the need of channel estimation error modeling since it affects the receiver performance significantly. Geometries represented by SINR, I1/Noc and I2/Noc are the main factor to determine the performance. The desired and interference estimated channel, as well as noise level, should capture the geometry related factors.  The receiver performance is thus a function of desired and interference channel, noise power, and their estimation errors. For UEs that blindly detect some interference parameters, the model should reflect any degradation due to detection error. Some heuristic adjustment factors are expected. One company also indicated the use of embedding link level simulation to explicitly model the receiver demodulation performance.
[Since the exact modeling methods can differ greatly, companies are encouraged to first provide the set of parameters required as theinput to the model. For example, the parameters may be extracted from the desired and interference channels. Companies are then encouraged to provide all the rest of the details needed for their models, including any adjustment factors and the method to obtain them. ]
Channel estimation error modeling
[Company input here]
[Samsung] Channel estimation error modeling is based on UE wideband SINR. Channel estimation error are taken into account when calculating the input parameters (SINR of genie-aided interference free and MMSE-IRC receivers). Noted, both channel estimation error for serving cell and dominant interference cell are modelled.
[Ericsson]: In general we agree that channel estimation error modeling is needed. Additionally RAN 4 should provide information about the error probability related to blindly detected parameters. Depending on the reliability of the detection certain parameters error probability will need to be explicitly modeled in the RAN 1 L2S model. We think that the L2S model shall be derived in RAN 1. RAN 4 can provide analysis on the parameters which need to be explicitly modeled and what is the associated error probability.

[Nokia,NSN] Agree with Ericsson that the L2S model development shall be derived in RAN1. 

[Huawei] Channel estimation error modeling is needed for NASIC performance evaluations since it had been shown that channel estimation quality impacts receiver performance significantly. General Wiener-based channel estimation can be assumed for error modeling purpose and the detail can be left for RAN1 to derive.  
[Rapporteur] RAN4’s tasks include input to RAN1, if there is consensus, on performance degradation due to channel estimation error. For example, we can agree on channel estimation error being modeled separately from the demodulation process. In general, it seems further study is needed.
[Qualcomm]: Channel estimation error modeling is needed for serving and dominant interfering cells for CRS based and DMRS based channel estimation. We think that the best way to incorporate these error models is to include it into the link-to-system model. 

· The impact of channel estimation and blind detection errors on the link performance itself is a widely varying function of the receiver type, modulation orders, ranks etc. – so it makes sense that RAN4 should abstract out this aspect and provide succinct inputs to RAN1. 

· To Ericsson’s point, detection/estimation errors have a cascading effect and are not independent of each other. Some of the parameters mentioned may have to be estimated, so ‘detection error’ may not be applicable.

[Ericsson]: To Qualcomm, we agree that some of the parameters are not independent. Analysis is needed on the reliability of the estimation and its effect on the overall performance depending on the condition, as well as the errors associated to parameters detection.

R-ML
[Company input here]
[Samsung] The input parameters are SINR of the genie-aided interference free linear receiver and MMSE-IRC linear receiver (as upper-bound and lower-bound correspondingly).  Additional input parameter is interference-to-signal ration (ISR).  See R4-133794 for details.
[Intel] The existing system-level models of ML/R-ML receivers may not provide sufficient accuracy in all scenarios, hence potentially leading to the wrong conclusions from the system-level evaluations of NAICS receivers. One of such important scenarios is the scenario when the number of co-processed spatial streams is larger than the number receive antennas (e.g. 3 spatial streams and 2 RX antennas). The more accurate approach to model the ML/R-ML receiver could be based on the explicit link-level receiver model. In such approach the system-level simulator is responsible for the resource scheduling and generation of the interference from the neighboring cells, while the link-level simulator is used for the actual packet transmission and reception for the generated interference environment.

[Rapporteur] Further study is needed.  In general, the receiver performance is a function of desired and interference channel, noise power, and their channel estimation errors. Companies are encouraged to first provide the set of parameters required by the model where the parameters may be extracted from the channels. 
E-LMMSE-IRC
Interference covariance matrix on a per-subcarrier basis can be derived based on estimated interference channel, in addition to the residual(i.e., excluding explicitly estimated interferers) interference covariance matrix estimated from CRS or DMRS as in LMMSE-IRC.  For the latter, a Wishart-based model was used.
[Company to provide details here]
SLIC
[Company input here]
[Qualcomm]: Please refer to R4-134194. Inputs to the link to system model are SNR, INR, interferer rank, modulation order, TM, spatial scheme. The output from the abstraction is a single interference suppression level using a lookup table of above parameters.This interference suppression serves as input to SLS. Channel estimation errors and blind detection errors are captured in the model and link level results validate the same.

WLMMSE-IRC 
[Company input here]
[Renesas] Please refer to R4-133975. More details would be provided in our contribution for Riga meeting. 
LWIC
[Company input here]
[Renesas] R4-134328 can be referred. 
5. Computational Complexity Analysis
Computational complexity of the candidate detection schemes can be characterized by using the O-notation. For example, the computational complexity for LMMSE-IRC is O(Nr^3) where Nr is the number of receive antennae. Alternatively, it can be also given in terms of ratio to that of baseline LMMSE-IRC. 
[Samsung] Complexity analysis will be provided later.
[Ericsson]: same as Samsung

[Nokia,NSN] We agree with Samsung and Ericsson that detailed complexity analysis is perhaps better to be carried out later, given that the issue is rather delicate one and requires more time. Also, the complexity depends heavily on the degree of network assistance.

However the discussion may be initiated also here. In our view the O-notation only characterizes the asymptotic behavior of the receivers, and hence we see that as less suitable for e.g. prioritizing / ranking the different receivers. It could be better approach to reach consensus on the different functional blocks needed to operate each receiver. Then the complexity may be estimated by assigning certain complexities to these blocks. The email discussion so far seems to indicate a rather good consensus on this approach.

For instance, the LMMSE-IRC could need the following major blocks for PDSCH decoding that would be taken into account in the rough complexity evaluation:

· Channel estimation
· Symbol soft detection
· Mapping to bit LLR’s
· Turbo decoding
For the purposes of complexity estimation, it could be assumed that these blocks would have same characteristics for both the desired and interfering transmissions (e.g. channel estimation). Further blocks would entail joint (R-)ML symbol detection of desired and interfering PDSCH transmission, interference regeneration and subtraction, etc. Also the complexity of the each blind detector would need to be estimated.

Another point that should be noted here is that the complexity also depends on the timing constraints of the receivers. For instance, if also interfering signals are to be decoded, a significantly faster receiver operation is needed than what is needed currently. This issue may impact the overall computational complexity of the receiver.

[Huawei] The required functional blocks for each receiver type are needed and relatively easy to be agreed. But it provides little concrete complexity information for RAN1. The complexity depends on various factors and companies could provide their best rough implementation estimation compared to some legacy implementation, e.g. MMSE.
[Rapporteur] Let us continue the discussion, in terms of what can be captured in the TR. RAN1 does not need the analysis for their task.
[Renesas] For computational complexity, more details would be provided in our contribution for Riga meeting.
[Company input here]
Channel estimation 

[Company input here]
R-ML

[Company input here]
E-LMMSE-IRC

 [Company to provide details here]
SLIC

[Company input here]
WLMMSE-IRC 

[Company input here]
LWIC

[Company input here]
Iterative R-ML

[Company input here]
6. Appendix: Current TP (To be amended with more description on receiver assumptions after email discussion)
-----------------------------------------start of TP ----------------------------------------------------------------
7
Receiver Structures and Assumptions
[Editor's note: This section will describe the general receiver structures studied under objective #2, including any assumption on the required parameters to for the receiver to work and how to obtain them.]

7.1 General
Various candidate receiver types, which can be divided into three categories,are captured in the following sections. Each receiver type may operate under various degrees of knowledge of interferer parameters, and each receiver type may be applicable for dealing with inter-cell, intra-cell, and/or inter-stream interference.The following NAICS receivers will have different trade-offs between performance, complexity, network coordination, and network signalling, details of which are yet to be studied.
7.2 Interference Suppression (IS) receivers
[Editor's note: Further description will be provided on the receiver complexity (including definition of complexity), as well as feasibility analysis] 

IS receivers refer to receivers that apply linear filtering to the received signal to suppressthe interference, as opposed to explicitly cancel the interference. Three types of IS receivers are identified:
· LMMSE-IRC: 
· It is baseline for Rel-11 MMSE-IRC study (refer to TR36.829). 
· No knowledge of interferer parameter(s) is required. 
· Enhanced LMMSE-IRC (E-LMMSE-IRC): 
· MMSE-IRC that explicitly considers interferer channel estimates and other interferer knowledge.
· Interference parameters that can enable interferer channel estimation are needed, including, for example, its DMRS or CRS with PMI/RI.
· Widely linear MMSE-IRC (WLMMSE-IRC): 
· WLMMSE-IRC exploits the additional degrees of freedom from the real and imaginary part of the received signal to enhance suppression of interference
· Real-valued modulation may be used to increase performance of the WLMMSE-IRC receiver
7.3Maximum Likelihood (ML) receivers

[Editor's note: Further description will be provided on the receiver complexity (including definition of complexity), as well as feasibility analysis] 

ML-type of receivers are 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.
7.4Interference Cancellation (IC) receivers

[Editor's note: Further description will be provided on the receiver complexity (including definition of complexity), as well as feasibility analysis] 

IC-type of receivers are also non-linear in nature. Four types of IC receivers are identified 
· Linear Code word level SIC (L-CWIC): 
· receiver utilizing successive application of linear detection (e.g.: LMMSE-IRC), decoding, re-encoding, and cancellation
· May have iteration (e.g. Turbo L-CWIC)
· May utilize CRC check (e.g. hard L-CWIC)
· Same interference knowledge as Iterative ML and Iterative R-ML. Additionally, interferer RNTI knowledge may be needed. 
· Additionally, assumptions on network coordination may be necessary.
· ML-CWIC: 
· receiver utilizing successive application of ML or reduced complexity ML detection, decoding, re-encoding, and cancellation
· May have iteration(e.g. Turbo ML-CWIC)
· May utilize CRC check (e.g. hardML-CWIC)

· Same interference knowledge as L-CWIC
· Additionally, assumptions on network coordination may be necessary.
· Symbol level IC (SLIC): 
· successive cancellation receiver utilizing successive application of linear detection, reconstruction, and cancellation
· May have iteration
· Same interference knowledge as ML/R-ML. 
· Parallel interference cancellation (PIC): 
· Parallel IC as opposed to successive IC, otherwise similar to SIC 
· PIC receivers can be categorized into L-CW-PIC, ML-CW-PIC or SL-PIC similar to SIC
-----------------------------------------end of TP ---------------------------------------------------------------
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Coversheet

		Summary for NAICS Receivers
Notes:  
Note 1: “Gain over MMSE-IRC observed and suitable scenario” and “Preferred for system level check (Y/N)” are only optionally required for collecting view. However the elaborated descriptions of the receivers for phase-1/2 results are encouraged to be provided. 
Note 2: “Preferred for system level check (Y/N)”: it is proposed that each company to identify up to 3 out of total 10 receivers as preferred receiver for system level simulation check. The intention is to concentrate effort to calibrate on system level discussion. It is not for down-selection and other receivers are still open for evaluation on system level work.
Note 3: for complexity analysis, Please indicate additional receiver processing required by any specific candidate receiver, in comparison to that of the LMMSE-IRC baseline the below abbreviations will be used and please add in the list if need more:
• INT_CHE = interferer channel estimation 
• (R-)ML_DET = (reduced-)maximum likelihood interference & desired symbol detector 
• INT_DET = interferer symbol detector 
• INT_DEC = interferer CW decoding 
• INT_SUB = interference regeneration and subtraction 
• N_ITER = number of iterations, if iterative receiver
Note 4: computational complexity of the candidate detection schemes is characterized by using the O-notation (refer to section 5 in R4-131791). For example, the computational complexity for LMMSE-IRC is O(Nr^3) where Nr is the number of receive antennae.





Receivers

								Candidate list/summary				Nokia&NSN		Qualcomm		NTT DOCOMO		Huawei		MediaTek		LGE		Samsung		Intel		Ericsson		Renesas		Broadcom		ZTE

														IR Rxs

		IR Rxs		LMMSE-IRC		Specific type

						Interference knowledge assumed				No knowledge of interferer parameter(s) is required;		Not needed		Int. knowledge: Not needed		Not needed		Not needed		Int. knowledge: Not needed		Not needed		Not needed		Information is not needed		Not needed		Not need		Not needed		Not needed

						Receiver assumption on approach to obtain the knowledge				No need for network coordination				N/w Coord: Not needed		Not needed		NW coordination is not needed		N/w Coord: Not needed		Not needed		Not needed		NW coordination is not needed		Not needed		Not need		Not needed		Not needed

						Link abstraction modeling details						Wishart-based modeling of interference covariance.		Interference covariance based (Trace of covariance would suffice)		Wishart-based modeling of interference covariance		Wishart-based modeling of interference covariance		Interference covariance based (Wishart-based)		Wishart-based modeling of interference covariance		Interference covariance based		Explicit link-level modeling (channel estimation, receiver)		Wishart-based modeling of interference covariance		Wishart based covariance  modeling.		Interference covariance based		Wishart-based modeling of interference covariance

						Complexity analysis				LMMSE-IRC as baseline		Baseline		Baseline		Baseline		Baseline		Baseline		Baseline		Baseline		Baseline		Baseline		Baseline		Baseline		Baseline

						Gain over MMSE-IRC observed and suitable scenario						0		0		0		0 dB		0		0		0		0		0		0				0

						Preferred for system level check (Y/N)				Yes (as baseline)		Y (as baseline)		Y (as baseline)		Y (as baseline)		Y (as baseline)		Y (as baseline)		Y (as baseline)		Y (as baseline)		Y (as baseline)		Y (as baseline)		Y (as baseline)		Y		Y (as baseline)

						Other comment

				E-LMMSE-IRC		Specific type

						Interference knowledge assumed				Information needed for interferer channel estimation, details as below:		Needed		Int. knowledge: Needed		Needed for interferer PDSCH channel estimation		Interference knowledge for channel estimation is needed		Int. knowledge: Needed		Needed for interferer channel estimation		Interference knowledge for channel estimation is needed		Information is needed.		Needed				Information is needed. Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Needed

						Receiver assumption on approach to obtain the knowledge								N/w Coord: Not needed (eNB need not modify its transmission behavior)						N/w Coord: Not needed						NW coordination may be used to improve the performance or reduce complexity

										{DMRS APs, Cell ID, nSCID, RI, CSI-RS, (CRS APs)} 
Or {CRS APs, Cell ID, PMI/RI}		Information is needed		Int. knowledge is needed. For CRS, a subset of info. is provided by CRS assistance.		Information is needed		Information is need.		Int. knowledge is needed to allow interference channel estimation		Information is needed		Information needed		Information is needed:
1) For CRS-based PDSCH interference signal: Cell ID, CRS APs, MIMO rank, PMI 
2) For DMRS-based PDSCH interference:
Cell ID (or Virtual Cell ID), CRS APs, nSCID, DMRS APs.
3) CSI-RS presence		Needed		Information needed via signaling;  [the definition of CQI impacts the needed CSI-RS information]		Information is needed.		Needed

														Coordination is not needed		NW coordination is not needed		NW coordination is not needed		Coordination is not needed		NW coord. Is not needed		coordination needed for information exchange and the improved CE performance		NW coordination may be used to improve the performance or reduce complexity		Not needed		coordination may be used to improve performance, [rank coordination could be beneficial]		Performance can be further improved or complexity/signaling can be reduced if certain network coordination assumed.		Not needed

										[Synchronization is needed]		Synchronization is needed.		Int. knowledge is not needed. Sync requirements are needed.		Sync requirements are needed.		Synchronization information is needed		Synchronization  is required		Synchronization requirements are needed		Synchronization  is required		Information on interference time/frequency offsets is needed.
Sync requirements are needed.		Synchronization is needed (within CP)		syncrhonization requirements are needed. Information is estimated by UE;		Sync requirements are needed.		Synchronization is required

										data to RS EPRE		Information is needed		Int. knowledge is needed, but N/w coordination is not needed		Information is needed		Information or NW coordination is  needed		Int. knowledge is needed, but N/w coordination is not needed		Int. knowledge is needed.		Information needed		Information is needed		Information is needed		Information needed via signaling; [coordination might reduce signaling needs]		Information is needed
Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Information is needed;

																NW coordination is not needed						NW coord. Is not needed.		coordination needed for information exchange		NW coordination may be used to improve the performance or reduce complexity								Coordination is not needed

										[CFI]		Information is needed		Either information or coordination may be needed		Not needed since interfering signals are not demodulated		Information or NW coordination is  needed		Either information or coordination may be needed		Either information or coordination may be needed		Information needed.
Coordination needed		Information is needed 
NW coordination may be used to improve the performance or reduce complexity		Information or coordination would provide minor gains		either information or coordination is needed.		Information is needed. Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Not needed. Information or NW coordination  may improve the performance or reduce complexity

										CP length, slot number		Information is needed.				Information is needed		Information or NW coordination is  needed						Information needed.
Coordination needed		Information is needed.
NW coordination is needed		Information needed or coordination needed				Information is needed coordination is needed		Information needed or coordination needed

																or NW coordination is needed

										{PDSCH bandwidth for DMRS} Or {System bandwidth for CRS}, MBSFN configuration		Information is needed.				Information is needed		Information or NW coordination is  needed						Information needed.
Coordination needed				Coordination needed				Information is needed coordination is needed

																or NW coordination is needed

										PDSCH allocation information [for CRS-based Tx mode]		Information is needed.				For CRS-based transmission mode, Information is needed												Information needed or coordination needed
Blind detection potential				Information is needed. Performance can be further improved or complexity can be reduced if certain network coordination assumed.

																or NW coordination is needed

																For DMRS-based transmission mode, information and NW coordination are not needed

										…(please add lines if assuming more)																Additional required information: interference presence, interference physical channel (PDSCH, EPDCCH),  PDSCH TM				Additional information might be required in terms of CRS or DM-RS based TM.		PDSCH TM:
Information is needed. 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.
It can be simplified to CRS-based/DMRS-based TM

						Link abstraction modeling details						Modeling of channel estimation error + Wishart based modeling.		Interference covariance based		Modeling of channel estimation error + Wishart based modeling		Channel estimation error modeling + Wishart based covariance modeling		Modeling of channel estimation error + Wishart based modeling.		Channel estimation error modeling + Wishart based covariance modeling		Channel estimation error modeling + Wishart based covariance modeling		Explicit link-level modeling (channel estimation, receiver)		Modeling of channel estimation error + Wishart based modeling		Modeling of channel estimation error + Wishart random matrix based covariance  modeling.		Modeling of channel estimation error + Interference covariance based		Modeling of channel estimation error + Wishart based modeling

						Complexity analysis				LMMSE-IRC as baseline		LMMSE-IRC  +		LMMSE-IRC + INT_CHE		LMMSE-IRC + INT_CHE		LMMSE-IRC + INT_CHE		LMMSE-IRC + INT_CHE		LMMSE-IRC + INT_CHE		LMMSE-IRC  +INT_CHE		LMMSE-IRC  +INT_CHE
Note: 1) INT_CHE depends on the number of co-processed interferers
2) complexity is provided under assumption of full network assistance		LMMSE-IRC + INT_CHE				LMMSE-IRC + INT_CHE
complexity can be reduced if certain network coordination is assumed.		LMMSE-IRC + INT_CHE
complexity can be reduced if certain network coordination is assumed.

												INT_CHE						Complex factor = 2.4

						Gain over MMSE-IRC observed and suitable scenario

						Preferred for system level check (Y/N)						Y		N				Y		N		Y		N		Y		Y		N		Y		Y

						Other comment

				WLMMSE-IRC		Specific type

						Interference knowledge assumed				Information needed for interference channel estimation, details as below:		May be needed depending on the implementation.		Info: Needed		Not needed				Info: Needed						Information is needed		Needed		WLMMSE-IRC receiver operates similar to the baseline LMMSE-IRC, hence no information nor coordination is needed. [E-LMMSE-IRC could further improve the performance of WLMMSE-IRC]		Information is needed.

						Receiver assumption on approach to obtain the knowledge								Coord: Needed						Coord: Needed

										PAM		Information is needed.		Info: Needed		Information is needed				Info: Needed						Information is needed
NW coordination is needed		Information needed and network coordination needed		Information is assumed by UE estimation. If baseline operation is used, no signaling is needed.		Information is needed.
network coordination is needed.

														Coord: Needed		NW coordination is needed				Coord: Needed										coordination needed. PAM only needed for the dominant interferers.

										[{DMRS APs, Cell ID, nSCID, RI, CSI-RS, (CRS APs)} Or {CRS APs, Cell ID, PMI/RI}]		Information is needed.		Info: Needed		Not needed				Info: Needed						Same as E-LMMSE-IRC		Info needed, coordination not needed		Information not needed ;  [the definition of CQI impacts the needed CSI-RS information] coordination not needed		Performance can be further improved or complexity/signaling can be reduced if certain network coordination assumed.

														Coord: Not needed (same as ELMMSE-IRC)						Coord: Maybe needed when PAM is used in the interfering cells

										[Synchronization is needed.]		Synchronization is needed.		Info: Not needed		Not needed				Info: Not needed						Same as E-LMMSE-IRC		Info not needed, coordination needed (within the CP)		Info not needed, coordination needed (within the CP)		coordination needed

														Coord: Needed for sync						Coord: Needed for sync

										[data to RS EPRE]		Information is needed.		Info: Needed		Not needed				Info: Needed						Same as E-LMMSE-IRC		Information needed		Information not needed ; coordination not needed

														Coord: Not needed						Coord: Not needed

										[CFI]		Information is needed.		Either Info or Coord. Is needed		Same as E-LMMSE-IRC				Either Info or Coord. Is needed						Same as E-LMMSE-IRC		Information needed or coordination needed		Information not needed  ; coordination is needed (preffered).		Information is needed. Performance can be further improved or complexity can be reduced if certain network coordination assumed.

										…(please add lines if assuming more)																						PDSCH TM:
Information is needed. 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.
It can be simplified to CRS-based/DMRS-based TM

						Link abstraction modeling details								Interference covariance based (in real dimensions)												Explicit link-level modeling (channel estimation, receiver)				Modeling of channel estimation error + Wishart random matrix based covariance  modeling.		Modeling of channel estimation error + Wishart random matrix based covariance  modeling.

						Complexity analysis				LMMSE-IRC as baseline		Similar as E-LMMSE-IRC or similar as LMMSE-IRC depending on the implementation.		LMMSE-IRC + INT_CHE		LMMSE-IRC				LMMSE-IRC + INT_CHE						LMMSE-IRC + INT_CHE		Comparable to LMMSE-IRC or E-LMMSE-IRC		Similar as LMMSE-IRC: 1) channel estimation in complex domain 2)interference covariance estimation in real value domain 3)matrix inversion of 2x size matrix but in real value domain		Comparable to LMMSE-IRC or E-LMMSE-IRC

						Gain over MMSE-IRC observed and suitable scenario

						Preferred for system level check (Y/N)						Y		N		N				N						N		N		Y		Y

						Other comment

		ML Rxs

		ML Rxs		ML		Specific type

						Interference knowledge assumed				Information needed forinterferer channel estimation and interferer detection on symbol level (e.g. demodulation), details as below:		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order

						Receiver assumption on approach to obtain the knowledge

								Same as E-LMMSE-IRC		[{DMRS APs, Cell ID, nSCID, RI, CSI-RS, (CRS APs)}		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC
Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Same as E-LMMSE-IRC

										Or {CRS APs, Cell ID, PMI/RI}]

										[means for t/f sync]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[data to RS EPRE]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[CFI]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Information is needed		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

																or NW coordination is needed

										modulation order		Information is needed;		Info: Needed		Information is needed		Information or NW coordination is  needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed.
coordination needed for information exchange and the improved performance		Information is needed		Information needed. Blind detection potential		Information Needed;		Information Needed;		Information needed.

														Coord: Not needed		NW coordination is not needed				Coord: Not needed						NW coordination may be used to improve performance or reduce complexity				coordination may improve performance.		Performance can be further improved or complexity can be reduced if certain network coordination assumed.		coordination not needed.

										[CP length, slot number]		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[{PDSCH bandwidth for DMRS}		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC				Same as E-LMMSE-IRC				Same as E-LMMSE-IRC

										Or {System bandwidth for CRS, MBSFN configuration}]

										[PDSCH allocation information]		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC												Information needed or coordination needed. Blind detection potential		information or coordination needed.		Information needed 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.

										…(please add lines if assuming more)																Additional information - same as E-LMMSE-IRC						PDSCH TM:
Information is needed. 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.
It can be simplified to CRS-based/DMRS-based TM

						Link abstraction modeling details																				Explicit link-level modeling (channel estimation, receiver)

						Complexity analysis				LMMSE-IRC as baseline		LMMSE-IRC + INT_CHE + ML_DET (Strongly depending on rank and modulation order)		LMMSE-IRC + INT_CHE + ML_DET (Exponential in total number of layers – serving + intf.)		LMMSE-IRC + INT_CHE + ML_DET		LMMSE-IRC + INT_CHE + ML_DET		LMMSE-IRC + INT_CHE + ML_DET (Exponential in total number of layers – serving + intf.)		LMMSE-IRC + INT_CHE + ML_DET (depending on layer and modulation order of interferers)		LMMSE-IRC + INT_CHE + ML_DET, (ML_DET depending on rank and modulation order)		LMMSE-IRC + INT_CHE + ML_DET
Note: 1) ML_DET depends on the number of co-processed serving cell and interferer layers
2) complexity is provided under assumption of full network assistance		LMMSE-IRC + INT_CHE + ML_DET		LMMSE-IRC + INT_CHE +  ML_DET ; [Exponential in total number of layers – serving + intf]; highly complex with 256 QAM.		LMMSE-IRC + INT_CHE + ML_DET		LMMSE-IRC + INT_CHE + ML_DET((depending on rank , modulation order and number of interferers)

						Gain over MMSE-IRC observed and suitable scenario

						Preferred for system level check (Y/N)						N		N				N		N		N		N		N		N		N		N		N

						Other comment														Expected to be similar as R-ML in the performance wise

				R-ML		Specific type

						Interference knowledge assumed				Information needed forinterferer channel estimation and interferer detection on symbol level (e.g. demodulation), details as below:		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order

						Receiver assumption on approach to obtain the knowledge

								Same as ML		[{DMRS APs, Cell ID, nSCID, RI, CSI-RS, (CRS APs)}		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Same as E-LMMSE-IRC

										Or {CRS APs, Cell ID, PMI/RI}]

										[means for t/f sync]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[data to RS EPRE]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[CFI]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Information is needed		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

																or NW coordination is needed

										modulation order		Information is needed;		Info: Needed		Information is needed		Information or NW coordination is  needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed.
coordination needed for information exchange and the improved performance		Information is needed 
NW coordination may be used to improve performance or reduce complexity		Information needed. Blind detection potential		Information Needed		Information needed. 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Information needed.

														Coord: Not needed		NW coordination is not needed				Coord: Not needed										coordination may improve performance				coordination not needed.

										[CP length, slot number]		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC				Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[{PDSCH bandwidth for DMRS}		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC				Same as E-LMMSE-IRC				Same as E-LMMSE-IRC

										Or {System bandwidth for CRS, MBSFN configuration}]

										[PDSCH allocation information]		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC												Same as E-LMMSE-IRC		information or coordination needed.		Same as E-LMMSE-IRC
Performance can be further improved or complexity can be reduced if certain network coordination assumed.

										…(please add lines if assuming more)																Additional information - same as E-LMMSE-IRC						PDSCH TM:
Information is needed. 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.
It can be simplified to CRS-based/DMRS-based TM

						Link abstraction modeling details																				Explicit link-level modeling (channel estimation, receiver)

						Complexity analysis						LMMSE-IRC + INT_CHE + R-ML_DET (Strongly depending on rank and modulation order)		LMMSE-IRC + INT_CHE  + R-ML_DET (Polynomial in total number of layers – serving + intf.)		LMMSE-IRC + INT_CHE + R-ML_DET		LMMSE-IRC + INT_CHE + R-ML_DET		LMMSE-IRC + INT_CHE + R-ML_DET		LMMSE-IRC + INT_CHE + R-ML_DET(depending on layer and modulation order of interferers)		LMMSE-IRC + INT_CHE 
+ (R-)ML_DET		LMMSE-IRC + INT_CHE + R-ML_DET
Note: 1)R-ML_DET depends on the number of co-processed serving cell and interferer layers
2) R-ML_DET has lower complexity than ML_DET
3) complexity is provided under assumption of full network assistance		LMMSE-IRC + INT_CHE + ML_DET		LMMSE-IRC + INT_CHE +  R-ML_DET ; highly complex with 256 QAM; complexity is provided under assumption of full network assistance; the potential of blind detection brings an additional layer of complexity.		LMMSE-IRC + INT_CHE + ML_DET
(complexity can be reduced if certain network coordination assumed.)		LMMSE-IRC + INT_CHE + R-ML_DET(depending on rank , modulation order and number of interferers)

						Gain over MMSE-IRC observed and suitable scenario

						Preferred for system level check (Y/N)						N		Y				Y		Y		Y		Y		Y		Y				Y		Y

						Other comment

				Iterative (R-)ML		Specific type

						Interference knowledge assumed				Information needed for interferer channel estimation,  interferer detection on symbol level (e.g. demodulation) + enabling code word demodulation and decoding,  details as below:		Same as E-LMMSE-IRC + modulation order +  PDSCH allocation, MCS, RNTI		(Same as E-LMMSE-IRC) + modulation order + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order + MBSFN configuration + MCS + RNTI		Same as E-LMMSE-IRC + modulation order + PDSCH allocation + MCS + RNTI		(Same as E-LMMSE-IRC) + modulation order + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + PDSCH allocation + MCS + RNTI		(Same as E-LMMSE-IRC) + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		(Same as E-LMMSE-IRC) + PDSCH allocation + MCS  + RNTI

						Receiver assumption on approach to obtain the knowledge

								Same as E-LMMSE-IRC		[{DMRS APs, Cell ID, nSCID, RI, CSI-RS, (CRS APs)}		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Same as E-LMMSE-IRC

										Or {CRS APs, Cell ID, PMI/RI}]

										[means for t/f sync]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[data to RS EPRE]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[CFI]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Information is needed		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

																or NW coordination is needed

										Modulation order (included in MCS)		Information is needed;		Info: Needed		Information is needed		Information or NW coordination is  needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed.
coordination needed for information exchange and the improved performance		Information is needed
Note: this is already included in [MCS]		Same as ML. This information is already available through MCS.		Information Needed;		Same as ML.
complexity can be reduced if certain network coordination allowed.		Information needed

														Coord: Not Needed		NW coordination is not needed				Coord: Not Needed										coordination may improve performance				coordination not needed.

										PDSCH allocation		Information is needed;		Info: Needed		Information is needed		Information and NW coordination are  needed		Info: Needed		Information and NW coord. are needed		Information is not needed assuming resource allocation assignment at eNB side.
coordination needed		Information is needed
NW coordination may be used to improve performance or reduce complexity		Info needed, coordination needed,		Information Needed; coordination needed		Informaition is needed.
Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Information needed

														Coord: Needed across all potential interfering cells		NW coordination is needed				Coord: Needed														coordination not needed.

										MCS (including modulation order)		Information is needed;		Info: Needed		Information is needed		Information is needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed.		Information is needed
NW coordination may be used to improve performance or reduce complexity		Information is needed. Coordination not needed.		Information Needed;		Information is needed. Coordination not needed.		Information needed

														Coord: Not Needed		NW coordination is not needed		NW coordination is not needed		Coord: Not Needed										coordination may improve performance				coordination not needed.

										RNTI		Information is needed;		Info: Needed		Information is needed		Information is needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed		Information is  needed		Information is needed, coordination is not needed		Information Needed;		Information Needed;		Information needed

														Coord: Not Needed		NW coordination is not needed		NW coordination is not needed		Coord: Not Needed				NW coordination is not needed		NW coordination is not needed				coordination not needed				coordination not needed.

								Same as E-LMMSE-IRC		[CP length, slot number]		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[{PDSCH bandwidth for DMRS}		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC				Same as E-LMMSE-IRC				Same as E-LMMSE-IRC

										Or {System bandwidth for CRS }]

										[MBSFN configuration]		Same as E-LMMSE-IRC				Information is needed		Information or NW coordination is  needed										Information or network coordination needed				Information or network coordination needed

																Or NW coordination is needed

																										1) Additional information - same as E-LMMSE-IRC						PDSCH TM:
Information is needed. 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.
It can be simplified to CRS-based/DMRS-based TM

																										2) Additional information on interferer soft buffer partitioning and HARQ RV is needed

						Link abstraction modeling details																				Explicit link-level modeling (channel estimation, receiver)

						Complexity analysis						LMMSE-IRC + (INT_CHE + (R-)ML_DET + INT_DEC) * N_ITER		LMMSE-IRC + N_ITER *(INT_CHE + (R-)ML_DET + INT_DEC)		LMMSE-IRC + N_ITER *(INT_CHE + (R-)ML_DET + INT_DEC)		LMMSE-IRC + N_ITER *(INT_CHE + (R-)ML_DET + INT_DEC)
Complex factor = 5.5		LMMSE-IRC + N_ITER *(INT_CHE + (R-)ML_DET + INT_DEC)		LMMSE-IRC + N_ITER *(INT_CHE + (R-)ML_DET + INT_DEC)		LMMSE-IRC + INT_CHE 
+ (R-)ML_DET + INT_DEC		LMMSE-IRC + N_ITER*(INT_CHE 
+ (R-)ML_DET + INT_DEC)
Note: 1) complexity is provided under assumption of full network assistance		LMMSE-IRC + INT_CHE+ N_ITER *((R-)ML_DET + INT_DEC)		LMMSE-IRC + INT_CHE+ N_ITER *((R-)ML_DET + INT_DEC)
highly complex with 256 QAM; complexity is provided under assumption of full network assistance; the potential of blind detection brings an additional layer of complexity.		LMMSE-IRC + INT_CHE+ N_ITER *((R-)ML_DET + INT_DEC)		LMMSE-IRC + INT_CHE+ N_ITER *((R-)ML_DET + INT_DEC)

						Gain over MMSE-IRC observed and suitable scenario

						Preferred for system level check (Y/N)						N		N		N		N		N		N		Y		N		N		N		N		N

						Other comment

		IC Rxs

		IC Rxs		L-CWIC		Specific type

						Interference knowledge assumed				Information needed for interferer channel estimation and interferer detection on symbol level (e.g. demodulation) + enable code word demodulation and decoding + interferer RNTI knowledge, details see below		Same as iterative ML/R-ML		(Same as E-LMMSE-IRC) + modulation order + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order + MBSFN configuration + MCS + RNTI		Same as E-LMMSE-IRC + modulation order +  PDSCH allocation + MCS + RNTI		(Same as E-LMMSE-IRC) + modulation order + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + PDSCH allocation + MCS + RNTI		(Same as E-LMMSE-IRC) + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		(Same as E-LMMSE-IRC) + PDSCH allocation + MCS  + RNTI

						Receiver assumption on approach to obtain the knowledge

								Same as Iterative (R-)ML		[{DMRS APs, Cell ID, nSCID, RI, CSI-RS, (CRS APs)}		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Performance can be further improved or complexity/signaling can be reduced if certain network coordination assumed.		Same as E-LMMSE-IRC

										Or {CRS APs, Cell ID, PMI/RI}]

										[means for t/f sync]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[data to RS EPRE]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[CFI]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Information is needed		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

																or NW coordination is needed

										[ modulation order]		Information is needed;		Info: Needed		Information is needed		Information or NW coordination is  needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed.
coordination needed for information exchange and the improved performance		Information is needed
Note: this is already included in [MCS]		Same as ML. This information is already available through MCS.		Information needed;		Information is needed.
Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Information needed.
coordination needed.

														Coord: Not Needed		NW coordination is not needed				Coord: Not Needed										coordination may improve performance				Coordination may be  needed.

										[PDSCH allocation]		Information is needed;		Info: Needed		Information is needed		Information and NW coordination are  needed		Info: Needed		Information and NW coord. are needed		Information is not needed assuming resource allocation assignment at eNB side.
coordination needed		Information is needed
NW coordination may be used to improve performance or reduce complexity		Info needed, coordination needed,		Information Needed;		Information is needed, 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Information needed.

														Coord: Needed across all potential interfering cells		NW coordination is needed				Coord: Needed										coordination needed				Coordination  needed.

										[MCS]		Information is needed;		Info: Needed		Information is needed		Information is needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed.		Information is needed
NW coordination may be used to improve performance or reduce complexity		Information is needed. Coordination not needed.		Information Needed;		Information is needed. 
Signaling can be reduced if certain network coordination assumed.		Information needed.

														Coord: Not Needed		NW coordination is not needed		NW coordination is not needed		Coord: Not Needed										coordination may improve performance				Coordination may be needed.

										[RNTI]		Information is needed;		Info: Needed		Information is needed		Information is needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed		Information is  needed		Information is needed, coordination is not needed		Information Needed;		Information Needed;		Information needed.

														Coord: Not Needed		NW coordination is not needed		NW coordination is not needed		Coord: Not Needed				NW coordination is not needed		NW coordination is not needed				coordination not needed				Coordination not needed.

										[CP length, slot number]		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[{PDSCH bandwidth for DMRS}		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC				Same as E-LMMSE-IRC				Same as E-LMMSE-IRC

										Or {System bandwidth for CRS }]

										[MBSFN configuration]		Information is needed.				Information is needed		Information or NW coordination is  needed										Information or network coordination needed				Information or network coordination needed

																Or NW coordination is needed

																										1) Additional information - same as E-LMMSE-IRC
2) Additional information on interferer soft buffer partitioning and HARQ RV is needed						PDSCH TM:
Information is needed. 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.
It can be simplified to CRS-based/DMRS-based TM

						Link abstraction modeling details						Need modeling of interference decoding + residual error of IC												Modelling residual error of IC after interference MMSE detection and turbo decoding		Explicit link-level modeling (channel estimation, receiver)				As in R1-133722

						Complexity analysis						LMMSE-IRC +INT_CHE + INT_DET + INT_DEC + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_DEC + INT_SUB		LMMSE-IRC + N_ITER*(INT_CHE + INT_DET + INT_DEC + INT_SUB)		LMMSE-IRC + N_ITER*(INT_CHE + INT_DET + INT_DEC + INT_SUB)		LMMSE-IRC +  N_ITER*(INT_CHE + INT_DET + INT_DEC + INT_SUB)		LMMSE-IRC + N_ITER *(INT_CHE + INT_DET + INT_DEC + INT_SUB)		LMMSE-IRC + INT_CHE 
+ INT_MMSE_DET + INT_DEC + INT_SUB		LMMSE-IRC + N_ITER *(INT_CHE + INT_DET + INT_DEC + INT_SUB)		LMMSE-IRC + INT_CHE+ INT_DET + INT_DEC + INT_SUB		If assuming turbo receiver, N_ITER > 1:  INT_CHE + N_ITER*(LMMSE-IRC +  INT_DET + INT_DEC + INT_SUB); for N_ITER=1: LMMSE-IRC + INT_CHE + INT_DET + INT_DEC + INT_SUB				LMMSE-IRC +  N_ITER*(INT_CHE + INT_DET + INT_DEC + INT_SUB)

						Gain over MMSE-IRC observed and suitable scenario

						Preferred for system level check (Y/N)						N		N		N		N		N		N		N		Y		N		Y		Y		N

						Other comment

				ML-CWIC		Specific type

						Interference knowledge assumed				Information needed for interferer channel estimation and interferer detection on symbol level (e.g. demodulation) + enable code word demodulation and decoding + interferer RNTI knowledge, details see below		Same as iterative ML/R-ML		(Same as E-LMMSE-IRC) + modulation order + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order + MBSFN configuration + MCS + RNTI		Same as E-LMMSE-IRC + modulation order + PDSCH allocation + MCS  + RNTI		(Same as E-LMMSE-IRC) + modulation order + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + PDSCH allocation + MCS + RNTI		(Same as E-LMMSE-IRC) + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI		Same as E-LMMSE-IRC + modulation order  + PDSCH allocation + MCS  + RNTI

						Receiver assumption on approach to obtain the knowledge

								Same as  Iterative (R-)ML		[{DMRS APs, Cell ID, nSCID, RI, CSI-RS, (CRS APs)}		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Performance can be further improved or complexity/signaling can be reduced if certain network coordination assumed.		Same as E-LMMSE-IRC

										Or {CRS APs, Cell ID, PMI/RI}]

										[means for t/f sync]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[data to RS EPRE]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[CFI]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Information is needed		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

																or NW coordination is needed

										[Modulation order]		Information is needed;		Info: Needed		Information is needed		Information or NW coordination is needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed.
coordination needed for information exchange and the improved performance		Information is needed
Note: this is already included in [MCS]		Same as ML. This information is already available through MCS.		Information needed; coordination needed		Information is needed
Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Information needed.

														Coord: Not Needed		NW coordination is not needed				Coord: Not Needed														Coordination may be needed.

										[PDSCH allocation]		Information is needed;		Info: Needed		Information is needed		Information and NW coordination is needed		Info: Needed		Information and NW coord. are needed		Information is not needed assuming resource allocation assignment at eNB side.
coordination needed		Information is needed
NW coordination may be used to improve performance or reduce complexity		Info needed, coordination needed,		Information Needed; coordination needed		Information is needed, 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.		Information needed.

														Coord: Needed across all potential interfering cells		NW coordination is needed				Coord: Needed														Coordination  needed.

										[MCS]		Information is needed;		Info: Needed		Information is needed		Information is needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed.		Information is needed
NW coordination may be used to improve performance or reduce complexity		Information is needed. Coordination not needed.		Information Needed;		Information is needed. 
Signaling can be reduced if certain network coordination assumed.		Information needed.

														Coord: Not Needed		NW coordination is not needed		NW coordination is not needed		Coord: Not Needed										coordination may improve performance				Coordination  may be needed.

										[RNTI]		Information is needed;		Info: Needed		Information is needed		Information is needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed		Information is  needed		Information is needed, coordination is not needed		Information is  needed		Information is  needed		Information needed.

														Coord: Not Needed		NW coordination is not needed		NW coordination is not needed		Coord: Not Needed				NW coordination is not needed		NW coordination is not needed				coordination not needed				Coordination not needed.

										[CP length, slot number]		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[{PDSCH bandwidth for DMRS}		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC				Same as E-LMMSE-IRC				Same as E-LMMSE-IRC

										Or {System bandwidth for CRS }]

										[MBSFN configuration]		Information is needed.				Information is needed		Information or NW coordination is needed										Information or network coordination needed				Information or network coordination needed

																Or NW coordination is needed

																										1) Additional information - same as E-LMMSE-IRC
2) Additional information on interferer soft buffer partitioning and HARQ RV is needed						PDSCH TM:
Information is needed. 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.
It can be simplified to CRS-based/DMRS-based TM

						Link abstraction modeling details						Need modeling of interference decoding + residual error of IC												Modelling residual error of IC after interference ML detection and turbo decoding		Explicit link-level modeling (channel estimation, receiver)

						Complexity analysis						LMMSE-IRC + (INT_CHE + (R-)ML_DET + INT_DEC + INT_SUB )* N_ITER		LMMSE-IRC +  N_ITER*(INT_CHE + (R-)ML_DET + INT_DEC + INT_SUB)		LMMSE-IRC + N_ITER*(INT_CHE + (R-)ML_DET + INT_DEC + INT_SUB)		LMMSE-IRC + N_ITER*(INT_CHE + (R-)ML_DET + INT_DEC + INT_SUB)		LMMSE-IRC +  N_ITER*(INT_CHE + (R-)ML_DET + INT_DEC + INT_SUB)		LMMSE-IRC + N_ITER *(INT_CHE + (R-)ML_DET + INT_DEC + INT_SUB)		LMMSE-IRC + INT_CHE 
+ INT_(R)-ML_DET + INT_DEC + INT_SUB		LMMSE-IRC +  N_ITER*(INT_CHE + (R-)ML_DET + INT_DEC + INT_SUB)		LMMSE-IRC + INT_CHE+ N_ITER *((R-)ML_DET + INT_DEC + INT_SUB)		If assuming turbo receiver,  LMMSE-IRC + INT_CHE + N_ITER*( (R-)ML_DET + INT_DEC + INT_SUB);		LMMSE-IRC + INT_CHE+ N_ITER *((R-)ML_DET + INT_DEC + INT_SUB)		LMMSE-IRC + INT_CHE+ N_ITER *((R-)ML_DET + INT_DEC + INT_SUB)

						Gain over MMSE-IRC observed and suitable scenario

						Preferred for system level check (Y/N)						N		N		N		N		N		N		N		N		N		N		N		N

						Other comment

				SLIC		Specific type

						Interference knowledge assumed				Information needed for interferer channel estimation and interferer detection on symbol level (e.g. demodulation), details see below		Same as ML/R-ML		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC + modulation order

						Receiver assumption on approach to obtain the knowledge

								Same as ML/R-ML		[{DMRS APs, Cell ID, nSCID, RI, CSI-RS, (CRS APs)}		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC + modulation order		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Performance can be further improved or complexity/signaling can be reduced if certain network coordination assumed.		Same as E-LMMSE-IRC

										Or {CRS APs, Cell ID, PMI/RI}]

										[means for t/f sync]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[data to RS EPRE]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[CFI]		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Information is needed		Information or NW coordination is needed		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

																or NW coordination is needed

										[ modulation order]		Information is needed.		Info: Needed		Information is needed		Information or NW coordination is needed		Info: Needed		Information is needed, NW coord. Is not needed		Information is needed.
coordination needed for information exchange and the improved performance		Information is needed 
NW coordination may be used to improve performance or reduce complexity		Information needed or coordination needed
Blind detection potential		Information Needed;		Information needed 
Performance can be further improved or complexity/signaling can be reduced if certain network coordination assumed.		Information needed.

														Coord: Not Needed		NW coordination is not needed				Coord: Not Needed										coordination may improve performance				Coordination  may be needed.

										[CP length, slot number]		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC		Same as E-LMMSE-IRC		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC

										[{PDSCH bandwidth for DMRS}		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC		Same as E-LMMSE-IRC						Same as E-LMMSE-IRC				Same as E-LMMSE-IRC				Same as E-LMMSE-IRC

										Or {System bandwidth for CRS , MBSFN configuration}]

										[PDSCH allocation information]		Same as E-LMMSE-IRC				Same as E-LMMSE-IRC												Information needed or coordination needed
Blind detection potential		information or coordination needed.		Information needed 
Performance can be further improved or complexity/signaling can be reduced if certain network coordination assumed.

																										Additional information - same as E-LMMSE-IRC						PDSCH TM:
Information is needed. 
Performance can be further improved or complexity can be reduced if certain network coordination assumed.
It can be simplified to CRS-based/DMRS-based TM

						Link abstraction modeling details						Need modeling of interference demodulation + residual error of IC		Residual Interference covariance based										Modelling residual error of IC after detection		Explicit link-level modeling (channel estimation, receiver)

						Complexity analysis						LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB		LMMSE-IRC + INT_CHE + INT_DET + INT_SUB

																		Complex factor = 3.1

						Gain over MMSE-IRC observed and suitable scenario

						Preferred for system level check (Y/N)						N		Y				Y		N		Y		N		Y		Y		N		Y		Y

						Other comment

				PLIC		Specific type

						Interference knowledge assumed

						Receiver assumption on approach to obtain the knowledge

						Link abstraction modeling details

						Complexity analysis

						Gain over MMSE-IRC observed and suitable scenario

						Preferred for system level check (Y/N)

						Other comment



Lin:
does that mean the UE is still with the assumption on allocation?




