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1 Introduction
The current TR86.866 contains the following editor notes on each of the NAICS receiver types:

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

In the meantime, in RAN4#68bis, we agreed on WF  [1] with these key points:

· Use method 3 as baseline complexity analysis and optionally choose method 1 or 2 to evaluation computation complexity.
· Method 1: Characterized by using O-notation 
· Method 2: Relative complexity ratio to LMMSE-IRC 
· Method 3: Component based (i.e. functional blocks + number of processing iterations) 
· It gives details of each functional blocks, but it does not give an overall complexity cost estimate
· According to method 3 complexity analysis is divided in the following blocks [8]
· Channel estimation complexity 
· Front-end core-receiver complexity: Detection / Demodulation 
· Back-end core receiver complexity: Decoding 
· Parameter extraction complexity 
In this contribution, we discuss how RAN4 can proceed with the complexity analysis.

2 Discussion
Purpose of complexity analysis

In the SID [2], the task related to receiver complexity is described as:

2. (RAN4) Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility  

· Analyze complexity and feasibility of basic receiver structures 

· Receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection are considered as a starting point for reference IS/IC receivers

· Work can be conducted in parallel to step-1

· Based on the RAN1 scenarios agree on co-channel inter- and intra-cell interference models for link-level simulation 

· Evaluate the link-level gain over baseline Rel-11 linear MMSE-IRC receivers and Rel-11 non-linear receivers required for FeICIC

· Indicate (to RAN1) assumptions on the network assistance information for the evaluated receivers under possible network coordination 

Observation #1: The task of complexity analysis is about the performance/complexity trade-offs and implementation feasibility, comparing with and without network assistance. 

Definition of complexity

Proposal #1: The definition of complexity should focus on the receiver aspects, at least from RAN4’s perspective, not on the system complexity/cost associated with network signaling/coordination which is part of objective #3 in RAN1. 
In other words, we should focus on the following as agreed: 

· Channel estimation complexity 
· Front-end core-receiver complexity: Detection / Demodulation 
· Back-end core receiver complexity: Decoding 
· Parameter extraction complexity 
Core receiver complexity

Among the above four aspects, we may simply conclude in the study item phase that

Proposal #2: The core receiver complexity, which includes both front-end and back-end complexity, should be feasible for the NAICS receiver that RAN4 identified in the LS to RAN1
That leaves the most important discussion on feasibility/complexity/performance analysis of channel estimation and blind parameter extraction. Unfortunately, there were only limited observations from a couple of companies at this point [5]

 REF _Ref371332101 \r \h 
[6]

 REF _Ref371332103 \r \h 
[7]. 

Proposal #3: Proceed the RAN4 complexity discussion with a focus on feasibility/complexity/performance analysis of channel estimation and blind parameter extraction.
3 Complexity analysis associated with blind detection
Since most of the complexity analysis hinges on some of the FFS items left from the agreed TP on receiver assumptions, we will use the TP [3] for our analysis and suggest possible next steps for RAN4. 
7.5 Receiver assumptions 
[Editor's note: Further description can be added to replace texts that indicate further study.] 

Synchronous network deployment is assumed for NAICS receivers in the study phase. Receiver performance degradation from timing and frequency synchronization error, as well as under asynchronous deployment, is for future study.
Proposal/analysis # 1:  Network synchronization assumption/detection and any frequency/timing error compensation may be up to UE implementation and we can leave the complexity/performance evaluation for the WI phase.

Subframe/slot alignment is considered to be a reasonable receiver assumption in synchronous network. Additionally CP is considered to be aligned in the analysis. This could be achieved, if needed, with e.g. some network coordination effort.

Proposal/analysis # 2:  Even though a UE may be able to detect the CP length of a strong interferer and/or alignment of subframe/slot, it will be beneficial if some network coordination can be assumed by the UE. Otherwise, the associated detection complexity should be included in the analysis.

Aligned PDCCH region is agreed as the first priority of the study item.  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 knowledge of the starting symbol (i.e., CFI) is required. Performance under misaligned control regions and whether network signaling or UE detection of interference PCFICH is needed, are for future study.

Proposal/analysis # 3:  It is beneficial to avoid requiring UE to decode interference PCFICH just for the purpose of checking PDSCH alignment, because otherwise decoding interference PCFICH can incur complexity and raise detection reliability concern.   

All NAICS receivers require 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 dominant 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, PB (on OFDM symbols containing CRS)
Further study is required on what parameters could be blindly estimated and corresponding performance impact due to detection robustness, and on when signalling will be beneficial with/without network coordination to reduce signalling overhead. If further cancellation of a reference signal is found useful in future studies, such as CRS cancellation even for DMRS-based TMs, CSI-RS cancellation, and so on, the corresponding reference signal configuration parameters may also be needed.

Interference channel estimation is very much related to PDSCH allocation and TM since PMI/RI/nSCID is the same for all PRBs with the same PDSCH. If PMI/RI/nSCID are signalled on a per-PRB basis, the overhead is large, but otherwise may not. To further cancel interference a reference signal from an interferer, the corresponding reference signal configuration parameters are needed, including subframe type information (i.e., MBSFN or non-MBSFN). 
Proposal/analysis # 4:  PMI/RI in CRS-based TM or RI/nSCID in the DMRS-based TMs may be feasible for signaling in the case of aligned PRB allocation.  Otherwise, detection on a per-PRB level is required from DMRS or from data RE in the case of CRS-based TMs.  Performance degradation and complexity have not been widely evaluated in RAN4 and should be a focus in the complexity analysis.  

Proposal/analysis # 5:  Data RE to CRS EPRE ratio, 
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used in TM10, and PB (on OFDM symbols containing CRS) are all RRC configured and it is possible for semi-static signalling, otherwise the blind detection complexity should be assessed.

Proposal/analysis # 6:  Similar to MBSFN subframe signaling, Cell ID and the number of CRS ports may be signaled using existing Rel-11 mechanism developed for FeICIC.

The knowledge of interference presence is needed for NAICS receivers at each PRB (in the case of VRB) or PRB pair, similarly for TM (expect for LMMSE-IRC and WLMMSE-IRC receivers). It may be obtained from network signaling/coordination or UE blind detection or a combination of the two, and further study is needed in the future. 

On any given PRB of the desired PDSCH, there may or may not be any interference from a particular cell (assuming aligned PDSCH for the sake of discussion). UE has to detect the presence and TM (CRS based or DMRS based) on a PRB level first. In the DMRS-base case, interference presence on each PRB pair may be detected from DMRS in TM7/8/9/10 and the detection problem can be part of the interference channel estimation. For CRS-based TMs, a UE cannot make the detection based on CRS. Detection of TM/PMI/RI based on data RE has not been widely evaluated in RAN4. Note that with distributed resource allocation using VRB in the CRS-based TMs, any detection will have to be based on PRB instead of PRB pair. TM (including PMI/RI) may have to be signaled/detected at PRB level even though all PRBs within a PDSCH have the same TM. Moreover, MCS can only be signaled or detected at per-PDSCH level.  

On the other hand, if each PDSCH allocation (PRBs, TM, MCS, etc.) is known to the UE, all the interference characteristics will be clear. Essentially, it requires interference PDCCH decoding, which can be very challenging due to the blind nature of PDCCH transmission and CCE-level of interference. Some studies [3] have shown that about 80% of the time the desired PDSCH will be overlapped with two or fewer interference PDSCH. Nevertheless, dynamic signaling of the interference resource allocation can be very expensive since the RA field requires the largest amount of bits among all fields. eNB will have to signal all relevant PDSCH allocations in order to cover the desired PDSCH. Network coordination on the PDSCH allocation can certainly reduce the signaling overhead, but the associated scheduling constraint can be undesirable considering traffic needs. 

Proposal/analysis # 7:   Interference presence/absence on each PRB pair may be detected from DMRS, but a UE cannot make the detection based on CRS for CRS-based interference PDSCH. Detection of interference presence and its TM/PMI/RI based on data RE has not been widely evaluated in RAN4 in terms of performance degradation and complexity and should be a focus in the complexity analysis.

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/coordination or UE blind detection or a combination of the two, and further study is needed in the future.
MCS and RNTI information is 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 without decoding the interference PDCCH, and signaling of RNTI and MCS may require additional overhead. Network coordination such as the use of aligned resource allocation could reduce receiver complexity and/or signaling overhead, but with scheduling constraints which may impact neighbor cell performance. This is for future study.

Proposal/analysis # 8:  ML/R-ML requires modulation order information on a per-PDSCH basis. It may be blindly detected on a per-PRB level with performance degradation and with increased complexity, which all require further study. 

WMMSE-IRC brings the most benefit when the dominant interferers 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.  
4 Conclusions 
In this contribution, we discuss how RAN4 can proceed with the complexity analysis.
Observation #1: The task of complexity analysis is about the performance/complexity trade-offs and implementation feasibility, comparing  with and without network assistance. 

Proposal #1: The definition of complexity should focus on the receiver aspects, at least from RAN4’s perspective, not on the system complexity/cost associated with network signaling/coordination which is part of objective #3 in RAN1. 

Proposal #2: The core receiver complexity, which includes both front-end and back-end complexity, should be feasible for the NAICS receivers that RAN4 identified in the LS to RAN1.
Proposal #3: Proceed the RAN4 complexity discussion with a focus on feasibility/complexity/performance analysis of channel estimation and blind parameter extraction.
Given the key of complexity analysis depends on the blind detection of transmission parameters, instead of the core receiver itself, we further make the following suggestions:

Proposal/analysis # 1:  Network synchronization assumption/detection and any frequency/timing error compensation may be up to UE implementation and we can leave the complexity/performance evaluation for the WI phase.

Proposal/analysis # 2:  Even though a UE may be able to detect the CP length of a strong interferer and/or alignment of subframe/slot, it will be beneficial if some network coordination can be assumed by the UE. Otherwise, the associated complexity should be included in the analysis.

Proposal/analysis # 3:  It is beneficial to avoid requiring UE to decode interference PCFICH just for the purpose of checking PDSCH alignment, because otherwise decoding interference PCFICH can incur complexity and raise detection reliability concern.   

Proposal/analysis # 4:  PMI/RI in CRS-based TM or RI/nSCID in the DMRS-based TMs may be feasible for signaling in the case of aligned PRB allocation.  Otherwise, detection on a per-PRB level is required from DMRS or from data RE in the case of CRS-based TMs.  Performance degradation and complexity have not been widely evaluated in RAN4 and should be a focus in the complexity analysis.  

Proposal/analysis # 5:  Data RE to CRS EPRE ratio, 
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used in TM10, and PB (on OFDM symbols containing CRS) are all RRC configured and it is possible for semi-static signalling, otherwise the blind detection complexity should be assessed.

Proposal/analysis # 6:  Similar to MBSFN subframe signaling, Cell ID and the number of CRS ports may be signaled using existing Rel-11 mechanism developed for FeICIC.

Proposal/analysis # 7:   Interference presence/absence on each PRB pair may be detected from DMRS, but a UE cannot make the detection based only on CRS for CRS-based interference PDSCH. Detection of interference presence and its TM/PMI/RI based on data RE has not been widely evaluated in RAN4 in terms of performance degradation and complexity and should be a focus in the complexity analysis.

Proposal/analysis # 8:  ML/R-ML requires modulation order information on a per-PDSCH basis. It may be blindly detected on a per-PRB level with performance degradation and with increased complexity, which all require further study. 
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