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1
Introduction

During RAN#53 plenary it has been agreed to start a RAN4 study item on enhanced UE performance requirements for LTE UE [1]. In this contribution we present high level views on the studies ahead with respect to scenarios and receiver structures. We also provide initial views aspects such as the methodology to be considered.
2 
Study item objectives
The study item description lists the following objectives to be considered:
· Identify realistic deployment scenarios, traffic models, interference models, and performance metrics to evaluate the performance of advanced receiver to mitigate inter-cell interference.
· Evaluation should be based on realistic modelling of inter-cell interference, including both synchronous and asynchronous operations among macro eNBs,  different precoders, ranks and powers applied over consecutive subframes, and effect of CRS and control channels to which different precoder is applied compared with data channels.
· Study and evaluate feasibility and potential gain by advanced receiver at link and system levels:
· Identify the scenarios and conditions where inter-cell interference mitigation is effective
· Identify the receiver structures that could be a baseline to specify performance requirement. 
· Receiver structures targeting spatial domain interference mitigation such as IRC are to be considered as a starting point.

· Receiver structures targeted to TDM-eICIC are only to be studied under the eICIC enhancements WI.
· Details of interference modelling for performance requirements and conformance testing shall be specified in the WI phase. Some complexity considerations should be taken into account during the SI phase to avoid over simplified model later on that doesn’t reflect the performance benefits found.
From the description above, we may categorize the studies ahead as having two main goals: 
1. Identify the gains of advanced receivers in corresponding scenarios, taking into account realistic modelling of interference and traffic.

2. Identify baseline receiver structure and methodology for evaluation as input to the potential subsequent work item leading to specification by RAN4 of test cases with associated performance requirements.
Scenarios & traffic models
Several realistic deployment scenarios have been considered in recent work done by RAN1 on Rel-11 topics like CoMP, MIMO and eICIC [4]. These include: 
· Homogeneous deployments which are both well-known & studied in 3GPP and at the basis of most practical networks layouts to date; 
· Heterogeneous deployments (HetNet) with pico cells (or low-power nodes) deployed within a homogeneous macro layout. The network nodes are assumed to be either not coordinated (traditional single-cell MIMO) or coordinated to some degree (eICIC) or fully dynamically coordinated (CoMP). 
The level of network synchronization is also one aspect to consider. Bearing in mind that Rel-10/11 work on eICIC and CoMP assumed synchronized network operation for TDD/FDD, we feel that one should continue relying on such assumption as baseline since most of the gains for advanced receivers are expected to be found under such assumption. 
Full and finite buffer traffic models have been typically utilized in 3GPP system level simulations work. Network load and traffic patterns directly relate to interference estimation and mitigation at UE side and hence they play a crucial role in the overall receiver/demodulation performance. It is thus important to understand the benefits of advanced receivers considering both the finite and full buffer traffic models and related interference profiles. However, when it goes to detailed methodology used for defining performance requirements, it should be decided if two traffic models are needed or one can rely for example on full buffer traffic which may bring more clear understanding in modelling of interference. One should bear such aspect in mind as it is explicitly stated in the study item descriptions that “Some complexity considerations should be taken into account during the SI phase to avoid over simplified model later on that doesn’t reflect the performance benefits found.”
While we do see the benefit of identifying the realistic deployments we should acknowledge that identifying new scenarios in addition to the ones previously presented might lead beyond the scope of this study item. To our view: 
· RAN4 should down-select few promising scenarios for investigation from the existing pool of scenarios developed by RAN1, together with associated assumptions for system level investigations. 

· RAN4 should then focus on identifying advanced receiver structure(s) which improve the performance in down-selected scenarios.
Observation 1:
Identification of a large range of scenarios might slow the work progress and lead beyond the scope of the study item.
Scenarios widely assumed in RAN1 like homogeneous and heterogeneous deployments, in conjunction with full and finite buffer traffic models, could offer sufficient indication of potential advanced receiver gains. These should be investigated as a first priority, while input on priority scenarios from the operators [6] should be considered.
Based on the above discussion, we propose that:
Proposal 1: 
RAN4 should down-select few promising scenarios for investigation from the existing pool of scenarios developed by RAN1, together with associated assumptions for system level investigations.
Proposal 2:
When going to the more detailed discussions of methodology for interference characterization, it should be decided if two traffic models are needed, or if the full buffer model can be solely utilized. 

Proposal 3: 
SU-/MU-MIMO system level investigations should be based on RAN1 assumptions [4]. The way in which interference estimation is modelled/emulated at system level should be clearly indicated, for example one can use the methodology proposed in [1]
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[3]. 
Receiver structures enabling performance enhancements
LTE Rel-8/9/10 assumes MRC/MMSE receiver as baseline for deriving performance requirements. In principle, MMSE receiver has the ability to suppress both intra- and inter-cell interference, however demodulation performance is currently verified assuming spatially white interference modelled as AWGN. Hence a natural step is to consider spatial interference mitigation as the basis for receiver enhancements through interference rejection combining (IRC) type of processing, with corresponding demodulation test cases to verify the performance and secure the gains in practical deployments beyond Rel-10. MMSE/IRC is one of most versatile receiver structures so far as it finds use in wide range of scenarios and scales efficiently across LTE transmission modes. The selection of advanced receiver(s) should be guided by the same principles of applicability across wide range of scenarios, hence avoiding corner case optimizations involving additional complexity without significant advantage in the field in practice. 
Interference covariance matrix estimation is a key aspect for harvesting IRC gains for UE demodulation in practice. One pre-requisites for this is the availability of sufficient reference symbol (RS) sample support, since interference covariance estimation is typically performed over reference symbols after removing the own cell’s contribution. In LTE, transmission modes 1-6 build upon the use of common reference symbols (CRS) for CSI and demodulation, while transmission modes 7-9 are based on dedicated or UE-specific reference symbols (DM-RS).
Another essential aspect is linked to transmit mode 9 (TM9) defined from Release 10 onwards: it builds upon a new paradigm with channel state information RS (CSI-RS) for CQI/PMI/RI determination and DM-RS for demodulation. It is worth noting that new transmission schemes to be developed as part of Release 11 and beyond are very likely to build further on the utilization of DM-RS. One advantage is the possibility to perform interference covariance estimation over DM-RS positions, this leading to accurate interference covariance information [1]
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Proposal 4: 
Consider IRC-based receiver structures as baseline since these have wide applicability across scenarios and transmission modes.
Methodology to follow throughout the study item
The current study item should also conclude on detailed methodology to be used in a potential work item leading to performance requirements of advanced receivers. Previous teachings from UTRA feasibility study on interference cancellation [7] should be taken into account. From a test case perspective, one needs to define the total number of interferers used while bearing in mind test complexity, as already instructed in the study item description. The indication of such interference conditions in terms of number of interferers and interference profiles may be concluded in the following way: 
· By means of system investigations: one can identify the number of interferers and the corresponding interference profiles for the most promising scenario(s). Since IRC-based receivers are known to benefit mostly to cell edge users, hence the interference profiles may be determined based on specific SNR points characterizing such users. 
· By means of link-level investigations: further validation of the identified interference profiles can be done at link-level for specific MCS classes in various channel conditions, one goal being to confirm the gains of advanced receivers with respect to the baseline MMSE receiver. Ultimately only link-level simulations allow assessing the gains since real receiver operation is involved & modelled as opposed to system level studies. 
Observation 2: 
The methodology needed to identify the number of interferers and corresponding profiles may be based on system- and link-level investigation. 
Observation 3: 
The input for test case definition relies on number of interferers and corresponding power profiles.
3
Conclusions
In this contribution we shared our views with respect to the goals of the enhanced UE performance requirements study item. Main proposals and observations may be captured as follows:
Observation 1:
Identification of a large range of scenarios might slow the work progress and lead beyond the scope of the study item.
Observation 2: 
The methodology needed to identify the number of interferers and corresponding profiles may be based on system- and link-level investigations. 

Observation 3: 
The input for test case definition relies on number of interferers and corresponding power profiles.
Proposal 1: 
RAN4 should down-select few promising scenarios for investigation from the existing pool of scenarios developed by RAN1, together with associated assumptions for system level investigations.
Proposal 2:
When going to the more detailed discussions of methodology for interference characterization, it should be decided if two traffic models are needed, or if the full buffer model can be solely utilized. 

Proposal 3: 
SU/MU MIMO system level investigations should be based on RAN1 assumptions [4]. The way in which interference estimation is modelled/emulated at system level should be clearly indicated, for example one can use the methodology proposed in [1]
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Proposal 4: 
Consider IRC-based receiver structures as baseline since these have wide applicability across scenarios and transmission modes.

References

[1] RP-111378, Enhanced performance requirement for LTE UE, NTT DOCOMO, NEC, Renesas Mobile Europe Ltd, Nokia corporation, Nokia Siemens Networks, Qualcomm Incorporated, Orange, Ericsson, ST-Ericsson, Deutsche Telekom AG, China Unicom, Alcatel-Lucent, AT&T, Telecom Italia, CMCC, Samsung, Intel, Huawei, HiSilicon, Softbank Mobile, CATT, Verizon Wireless, MediaTek, NII, KDDI
[2] R4-115134, Interference aware receiver modeling at system level, Renesas Mobile Europe Ltd

[3] R4-115135, System level results on UE MMSE receiver modeling, Renesas Mobile Europe Ltd
[4] R1-112865, Coordinated Multipoint operation for LTE - TR 36.819

[5] 3GPP TR 36.814, Further advancements for E-UTRA physical layer aspects
[6] R1-112437, Operators scenarios for DL MIMO enhancements, Orange, AT&T, CMCC, Deutsche Telekom, KDDI, NTT DOCOMO, Telecom Italia, Telefónica, Vodafone
[7] 3GPP TR 25.963, Feasibility study on interference cancellation for UTRA FDD User Equipment

