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1. Introduction
As the LTE standard matures and the first live networks are deployed, there is an increasing interest and pressure on the UE terminal/chipset side for improved performance which will translate into further enhanced end-user experience. In the LTE Rel-12 timeframe, work focusing on LTE UE receiver enhancements is being done in three parallel streams:
· Inter-cell interference cancellation/suppression under the Study Item on Network-Assisted Interference Cancellation and Suppression (NAICS) [1] targeting completion at RAN#63. 
· Intra-cell enhanced SU-MIMO rank-2 performance, which logically emerged as a side product of NAICS studies [2]. A separate Work Item proposal [3] – targeting corresponding improved minimum performance requirements in RAN4 – was made during RAN#62 without being agreed. 
· CRS interference mitigation for homogeneous deployment, which study item phase [4] was completed at RAN#62. A corresponding Work Item proposal [5] was discussed during RAN#62, without being approved. 
The above work item proposals all target the same core functions of the UE chipset – i.e. the receiver and detection/decoding chain – therefore we feel the need for a technical discussion in RAN4, since conclusions drawn or to be drawn on the basis of these separate studies do not necessarily ensure a common and coherent reference receiver architecture for deriving minimum performance requirements in work item phase. Decisions on future work items are under the scope of RAN and thus will not be discussed in this contribution. However we would like to raise awareness on the implications of these proposals in terms of reference receiver definition, which is clearly under the responsibility of RAN4.
2. Discussion
Status of LTE Rel-12 UE receiver studies

We first summarize and provide our observations on the current status of the LTE Rel-12 UE receiver studies in RAN4, focusing on reference receiver architectures in the light of  previous discussions, analysis and conducted performance evaluations. 
NAICS Study Item:
A significant amount of analysis and performance results has been submitted and discussed in RAN4 for receiver enhancements targeting inter-cell interference suppression (IS) or cancellation (IC). In terms of receiver/detector architecture, the following observations can be made: 
· Symbol Level IC (SLIC) and Reduced Maximum Likelihood (R-ML) receivers are currently getting the most traction during the still ongoing study item phase, due to their good tradeoff between performance gains and network coordination / signaling overhead.
· Linear Codeword IC (L-CWIC) is losing momentum for inter-cell interference cancellation despite the observed performance gains, since major hurdles have been identified: the amount of network signaling and the required network coordination.
· E-LMMSE IRC shows only moderate gains over the Rel-11 LMMSE-IRC. However, it is supported by a number of companies.
Observation 1: 
The NAICS study item may not conclude with a clear recommendation in terms of reference receiver architecture for the WI phase.
Observation 2: 
L-CWIC receiver does not provide a feasible solution for inter-cell IC, due to the large network signaling overhead and required network coordination. 
Enhanced SU-MIMO rank-2 performance (part of NAICS work):
Based on the fact that receiver structures targeting inter-cell interference cancellation may also be used for inter-stream interference cancellation, a number of companies showed interest in enhancing the performance of rank-2 SU-MIMO in an intra-cell context. On the basis of the submitted performance results [2], we make the following observations: 
· R-ML and L-CWIC generally show good throughput gains, as well as to some extent SLIC, depending on company results and simulated scenarios.
· E-LMMSE IRC was not evaluated in the context of SU-MIMO, but the gains are likely marginal since inter-stream interference dominates in the high SNR regime and is thus the main factor limiting rank-2 throughput performance.
Linking the statements above together with the previous observations for inter-cell interference cancellation, it can be further observed that: 

Observation 3: 
E-LMMSE-IRC is not a relevant reference receiver for improved minimum performance requirements for rank-2 SU-MIMO, but the same receiver is still being considered under the framework of inter-cell interference suppression. 

Observation 4:

While relevant for rank-2 SU-MIMO, L-CWIC reference receiver has a fundamentally different architecture from R-ML or SLIC considered for inter-cell IC. 
Observation 5: 
R-ML and SLIC receiver architectures are both compatible with either inter-cell IC or intra-cell inter-stream IC (SU-MIMO rank-2).
Study item on CRS interference mitigation for homogenous deployments: 
CRS interference mitigation (IM) for homogeneous networks was investigated in RAN4 as a separate study, which ended at RAN#62. The technical report [4] concluded that “moderate to significant throughput gain can be obtained for cell-edge UE by CRS-IM receiver in LTE homogeneous network under low traffic loading”.
The baseline detector structure is that of an MMSE-IRC detector, defined similarly as for LTE Rel-11 enhanced UE receiver studies, combined with a CRS-IC receiver as assumed for Release 11 feICIC. The focus here is clearly separate from the scope of NAICS studies since the proposed Work Item description states [5]: “Interference from neighboring cells’ PDSCH is not the focus of this study item. Any interference from data, which varies according to the traffic loading level, is assumed to be suppressed in the same way as in Rel-11 with the baseline MMSE-IRC receivers”.
On one hand, CRS interference mitigation/cancellation makes most sense in a lightly-loaded network since CRS is the dominant form of interference. On the other hand, NAICS studies focus on PDSCH IS/IC under medium-to-high network loads, where PDSCH interference becomes the main limiting factor. Ultimately, the UE receiver will need to perform simultaneously CRS- and PDSCH-IC, and it is not clear for instance whether CRS-IM was factored-in or not in the case of NAICS investigations.
Observation 6: 
While CRS-IM and NAICS target different types of dominant interference, these functions need ultimately to work together simultaneously within the UE receiver.
Finally, we would like to highlight the tight connection between CRS-IC and E-LMMSE-IRC. For instance, as stated in [5], “The feasibility of CSI requirements, including the UE interference estimation behaviour, should be studied prior to introducing associated requirement scenarios”, which relates to two important aspects:
· The UE hypothesis on interference for CSI feedback (i.e. interfering PDSCH presence/absence).

· The spatial signature of the interference (i.e. interference covariance estimation).

In the case of colliding CRS, acquiring the above information may require similar processing as for E-LMMSE-IRC considered in NAICS studies.  
Observation 7: 
There exist strong ties between E-LMMSE-IRC processing as considered in NAICS and CRS-IM in relation to interference covariance estimation and interference estimation behavior for CSI feedback.
Need for a coherent reference receiver structure
Throughout the previous discussion, we have highlighted the inter-connections between assumed receiver structures and revealed as well some contradictions that arose during the course of UE receiver studies in LTE Rel-12. Since these studies are either completed or expected to move to a Work Item phase (to be decided by RAN), we view as important, from RAN4 perspective to raise awareness and start a discussion targeting clear and coherent choices in terms of reference receiver architecture for deriving minimum performance requirements. 
To our view, the starting point is for the NAICS Work Item to conclude in RAN4 on a clear and coherent recommendation in terms of reference receiver, which allows addressing both enhanced intra-cell SU-MIMO rank-2 performance and inter-cell interference cancellation. Some arguments were made in past discussions that a work item phase may start without specific receiver architecture in mind, for the sake of implementation freedom. However, it is well-known in RAN4 that: 
1)  Reference receiver architectures do not necessarily dictate or limit implementation choices. Naturally, one may implement a different receiver for SU-MIMO such as e.g. L-CWIC, while SLIC or R-ML needs to be applied for the inter-cell case. However, such optimization should not be mandated as baseline, because it incurs significantly higher implementation cost and complexity. Another example is E-LMMSE-IRC for which moderate gains have been identified for inter-cell IC, but is not relevant for intra-cell SU-MIMO.
2)  Too many receiver options further complicate specifying minimum performance requirements. For instance, additional work was required for CSI requirements for LTE Rel-11 feICIC, because both LMMSE and LMMSE-IRC receiver were to be taken into account. 
Whether to address NAICS/SU-MIMO/CRS-IM with a common or separate work items is a RAN level discussion and overall is viewed here as a secondary issue. However, once the work item phase begins, a technical discussion needs to take place in RAN4 in order to nail down common and coherent choices between these three work streams in terms of reference receiver architecture and UE interference estimation behavior. This also includes clarifying the relationship between NAICS and CRS-IM.
3. Conclusion 
In this contribution, we summarized and discussed the status of the LTE Rel-12 studies focusing on UE receiver enhancements, in the light of the considered candidate receiver structures. Many of the observations we made have been already echoed by several companies during the course of the studies. We view that it is now time for RAN4 to address the highlighted issues and bring coherence to the upcoming WI phase. Our proposal is to focus on the track of non-linear receiver enhancements, such as SLIC and R-ML, which provide a coherent framework applicable to both intra-cell SU-MIMO and inter-cell interference cancellation. 
We conclude by the following proposals:

Proposal 1: 
NAICS Work Item should conclude on a clear and coherent recommendation in terms of reference receiver, which addresses both use cases of enhanced intra-cell SU-MIMO and inter-cell interference cancellation.
Proposal 2: 
Focus on non-linear reference receiver architectures, such as SLIC or R-ML, which provide a unified framework applicable to both intra-cell SU-MIMO and inter-cell interference cancellation.

Proposal 3:  
At the start of the work item phase, RAN4 needs to agree on coherent choices and assumptions between all three work streams (NAICS/SU-MIMO/CRS-IM) in terms of reference receiver architecture and UE interference estimation behavior.
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