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1 Introduction

According to the approved SID [1] of NAICS SI, the objective of stage 2 in RAN4 is:

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 
In previous RAN4 meetings and pre-meeting email communications, there have been many discussions on the required assistance information and complexity for different kinds of advanced receiver. In this contribution, we provide our analysis on these two aspects.
2 Discussion
Several candidate advanced receivers have been identified in [2]. While in this contribution we only focus our analysis on the following three types of receivers:
· E-LMMSE-IRC
· R-ML

· SLIC
2.1 Information of interference signal 
Rel-11 LMMSE-IRC receiver doesn’t require additional information about the interference signal. While for advanced receivers, certain kind of knowledge about the interference is essential and the amount of required information is different for various receiver types. In the email discussion, general consensus has been reached regarding the interference knowledge for different advanced receiver types:
For E-LMMSE-IRC/SLIC/R-ML:
· CRS-based transmission 
· Cell ID

· Number of CRS APs

· TM
· Pre-coding matrix 
· Power ratio of PDSCH RE to CRS RE
· DMRS-based transmission
· Cell ID (or Virtual Cell ID)

· nSCID

· DMRS APs
· Power ratio of PDCH RE to CRS RE
· Others
· Network synchronization
· Starting symbol of PDSCH
· Interference signal of other channels, e.g. CSI-RS, ePDCCH and so on
· PDSCH interference presence information
Additionally for SLIC and R-ML:
· Modulation order

2.2 Network assistance/coordination
UE may obtain the above required interference information through detection or network signalling/coordination. Detections increase receiver complexity and have potential reliability issues. Network signalling/coordination help UE reduce implementation complexity at the expense of increased network signalling overhead and restriction. The final solution should strike a good balance between UE complexity/performance and network signalling overhead/restriction. Since RAN1 is mostly responsible for decision making on the network assistance/coordination, RAN4 only needs to provide the receiver assumptions.     

We also want to point out that beside the above network assistance/coordination for the basic receiver operations, network could do more to help UE improve the performance, e.g. for the performance of interference channel estimation and detection. In the following, we list just a few of these:

· Orthogonal DMRS among neighbouring cells
· PRB bounding

· Implicit modulation order signalling  

As shown in the previous performance evaluations from several companies, interference channel estimation quality has significant impact on IC/IS receiver performance gain. For DMRS-based transmission, PDSCH allocation granularity is one PRB which leads to inferior channel estimation accuracy because of the limited number of DMRS symbols available for estimation. Network could provide further performance assistance by coordinating the orthogonal DRMS transmission among neighbouring cells and applying PRB bundling restriction on PDSCH resource scheduling. Network could also implicitly signalling the modulation order used in each scheduled PRB to UE, e.g. through different DMRS scrambling initialization identities,  to help UE reducing the detection complexity and increasing detection reliability without addition network signalling overhead. So RAN4 could perform the corresponding link level evaluations then inform RAN1 the potential additional network assistance/coordination needs. RAN1 could decide and design based on RAN4’s input.
Proposal 1
To perform additional link level evaluations of network assistance/coordination targeting performance improvement
2.3 Complexity analysis
In this section, we provide our analysis on the complexity of different advanced receiver with two different kinds of methods.

2.3.1 Method one: Characterized by using the O-notation 

Let S, R and M be the number of transmission streams, number of receive antennas and number of candidates of each layer for R-ML respectively. 
· E-LMMSE-IRC
· The complexity is dominated by the operation of matrix inverse.
· Real multiplication: 4S3 + 8S2R + 4SR
· Real addition: S2(8R - 2) + 4S3 + 2SR
· SLIC
· 2 or 3 times that of enhanced E-LMMSE-IRC
· R-ML
· QR decomposition

· real multiplication: 4S2R + S(3S – 1) + 4SR
· real addition: 2S2(4R - 1) + 4S3 + 2SR
· Candidate search (dominative factor)
· real multiplication: 4M(M S- 1)/(M - 1)
· real addition: 3M(M S- 1)/(M - 1)
· real comparison: log(M S)
2.3.2 Method two: Relative complexity ratio to LMMSE-IRC
The final receiver down-selection will depend on the overall consideration of performance gain, network assistance overhead/restriction and UE implementation complexity. To provide RAN1 with more insightful estimates of implementation complexity, we could consider providing the relative complexity with respect to legacy receivers whose implementation complexity is well known, e.g. LMMSE-IRC. The following table shows the relative complexity of different receiver implementations to the baseline Rel-11 LMMSE-IRC receiver. Note that we only consider the complexity of channel estimation, demodulation and two interference cells.
	Receiver Type
	LMMSE-IRC
	E-LMMSE-IRC (handle two interferences)
	SLIC 
(handle two interference)
	R-ML 
(only handle one interference)

	Complexity
	1.0
	2.5
	3.0
	5.5


Proposal 2

Consider using relative complexity for UE implementation complexity analysis   
3 Conclusion
In this contribution, we provide the summarized interference signal information known to UE and discuss the network assistance/coordination. The complexity analysis based on two potential methods is also provided. For the network assistance/coordination, we propose that:
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To perform additional link level evaluations of network assistance/coordination targeting performance improvement
Proposal 2






























Consider using relative complexity for UE implementation complexity analysis
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