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1
Introduction

During RAN#59 plenary it has been agreed to start a RAN4 Rel-12 study item on CRS interference mitigation (IM) in homogeneous network deployments [1]. In this contribution we present high level views on the studies ahead with respect to scenarios and receiver structures. 
2
Study item objectives
2.1
Objectives relevant for RAN4#66bis
We focus on the following two first objectives of the study item description (SID) [1] which are the most relevant for RAN4#66bis according to the proposed work task breakdown (listed below for reference):
· Identify the partial traffic loading levels and other realistic system level parameters (e.g. traffic and interference models including interference level, time offset between cells and frequency offset between cells) and performance metrics for studying the feasibility of CRS IM in a synchronized homogenous network assuming:

· 3GPP Case 1 as a starting point

· non-colliding CRS between serving and dominant aggressor/interfering cells and

· non-colliding CRS between dominant aggressor/interfering cells

· The homogeneous deployment and relevant system parameters should reuse as much as possible those defined in the Rel-11 performance study of MMSE-IRC
· Identify the baseline receiver which can be used for evaluating the gain of CRS IM in a synchronized homogenous network considering:

· Reuse of CRS IM receiver assumed for Release 11 FeICIC.

· Reuse of MMSE-IRC receiver as the baseline receiver. MMSE-IRC does not differentiate CRS or data interference when suppressing them and was assumed for Release 11 work item on interference rejection combining.
Work Task Breakdown for RAN4:

· TSG RAN4 #66bis (April 2013): 

· Agreement on scenarios and simulation assumptions for system simulations including traffic loading levels. 

· Agreement on the baseline receiver.

2.2
System level scenarios
In this section, we focus on aspects relevant to the previously listed objectives of the study iterm.
System level scenarios
The purpose of upcoming system level studies is twofold:

· Evaluate the system level gains of CRS IM with respect to the baseline receiver under various network loads;

· Identify interference models and conditions for further link level investigations.
The study item targets CRS interference mitigation in homogeneous deployments and lists explicitly 3GPP Case 1 as   starting point. The SID also recommends reusing as much as possible relevant system level parameters assumed for Rel-11 work on LMMSE-IRC [3]. These are provided in Table 1 in the Annex for reference. It is noted that the latter assumptions make use of a 3 dB handover (HO) bias, which would naturally be reused as it models typical network controlled cell selection performance, and it would be inconsistent to model the handovers differently for CRS IM compared with the final work done on LMMSE-IRC. We think it is important that RAN4 uses as much as possible a consistent framework for different studies and work items on homogeneous interference mitigation/cancellation unless there is strong justification to modify any parameterisation.
Proposal 1:
Reuse network deployment level parameters assumed for Enhanced performance requirement for LTE UE in Release 11, focusing on 3GPP Case1 with 3 dB HO bias.
PCI planning

In terms of CRS collision, the SID clearly puts the priority for the non-colliding case, i.e.:
· non-colliding CRS between serving and dominant aggressor/interfering cells and

· non-colliding CRS between dominant aggressor/interfering cells.
The above assumptions are reasonable and expected since homogeneous deployments are planned in terms of PCI allocation and cell IDs for optimal UE performance, especially considering that the network deployment must be able to serve a mixed population of UEs from Release 8 onwards. For information, in Table 1, we provide CRS collision statistics between the serving cell and the 1st and 2nd strongest interferers assuming a planned 3GPP Macro Case 1 deployment scenario with 2 CRS ports per cell. It is seen that in ~90% of cases, thanks to network planning, CRS collisions are avoided between all three considered cells. The second most significant case is the one where both 1st and 2nd strongest interferer CRS collide with each other but not with the serving cell – labelled as (N,C,C). Without CRS-IM the all-non-colliding case (N,N,N) is expected to lead to worse performance compared to the latter and makes thus more sense to consider. The other cases where either one or both of the 1st or 2nd dominant interferer CRS is colliding with the serving cell can be seen to be corner cases given very the low probability of occurrence.
Proposal 2:
As baseline, assume non-colliding CRS between serving and dominant aggressor/interfering cells and non-colliding CRS between dominant aggressor cells.
Table 1: CRS collisions between the serving cell and the 1st and 2nd strongest interferers in 3GPP Case 1 with network planning (2 CRS ports/cell, reuse-3).
	Configuration
	(PCI0, PCI1, PCI2)*
	Probability of occurrence in a planned 3GPP Macro Case 1 deployment

	(N,N,N)
	PCI0, PCI1 and PCI2 all non-colliding
	(0,1,2) & permutations
	90.25%

	(N,C,C)
	PCI0 does not collide with PCI1 or PCI2, but PCI1 and PCI2 collide together
	(0,1,1), (0,2,2), (1,0,0), (1,2,2), (2,0,0), (2,1,1)
	7.41%

	(C,N,C)
	PCI0 and PCI2 collide together, but not with PCI1
	(0,1,0), (0,2,0), (1,0,1), (1,2,1), (2,0,2), (2,1,2)
	1.90%

	(C,C,N)
	PCI0 and PCI1 collide together, but not with PCI2
	(0,0,1), (0,0,2), (1,1,0), (1,1,2), (2,2,0), (2,2,1)
	0.44%

	(C,C,C)
	PCI0, PCI1 and PCI2 all colliding
	(0,0,0), (1,1,1), (2,2,2)
	0.0033%


*PCI0: CRS shift of serving cell, PCI1: CRS shift of 1st strongest interfering cell, PCI2: CRS shift of 2nd strongest interfering cell.
Traffic models
Intuitively, CRS interference mitigation from neighboring sectors/cells is expected to provide most gain at low network loads, since CRS interference starts to dominate, similarly to ABS interference in feICIC. As stated above, one of the goals of system level studies is to investigate the gain potential of CRS IM as a function of the traffic load in the network. Therefore, the focus should be on non-full-buffer traffic such as e.g. FTP traffic. We propose to use FTP traffic Model 1 in TR36.814 [4] which is well-established and commonly used non-full-buffer traffic model in RAN1 system level investigations. We propose to analyse the gain of CRS-IM with traffic loads corresponding to the following average resources utilisation (RU) ratios: 10%, 20%, 30%, 40% and 50%. Each company may define the corresponding call arrival rates for the agreed file size S (see Table 2 in the Annex for the proposed value for S).
Proposal 3:
Use FTP Model 1 traffic model in all cells in system level simulations.
Proposal 4:
The system performance gain of CRS-IM should be analysed with traffic loads corresponding to the average resources utilisation ratios of 10%, 20%, 30%, 40% and 50%.
CRS interference & CRS IM system level modelling
The two following aspects require specific modelling for system level simulations:

1. CRS interference modelling;
2. Realistic CRS IM (as opposed to ideal CRS IM).
The first aspect was investigated during Rel-11 feICIC work in RAN1#66 and two approaches were considered [5]:
Gaussian interference (reuse existing link curves)

»
Interfered codeblock is selected by RE position interfered by CRS in system level

»
Alt1: In system level, calculate SINR of each RE, and calculate effective SINR of corresponding codeblock.

»
Alt2: For each codeblock, average interference level over all relevant REs. Use the average as common noise level of each RE in effective SINR calculation.
In order to speed-up the system level work in RAN4, we propose to reuse and allow either of the above modelings of CRS interference.
Proposal 5:
Reuse either one of the two approaches considered in RAN1 for system level modelling of CRS interference. 
As for realistic CRS IM modelling, RAN1 did not agree on any modelling and only a recommendation was given to companies to describe the modelling assumed in simulations. Since CRS IM relates to implementation specific aspects, it may be difficult to find consensus on the related error modelling. On the other hand, we do also see value in studying an upper-bound on performance assuming ideal CRS IM, provided that such assumption is clearly stated when results are provided. Our proposals are as follows:
Proposal 6:
Companies are requested to describe how realistic CRS IM is modelled at system level. 

Proposal 7: 
Results assuming ideal CRS IM may also provided as upper-bound, and the ideal CRS IM assumption must be clearly stated.
Other system level parameters

A full proposal for system level parameters is made in Table 2 in the Annex, assuming 3GPP Case 1 with 500 m ISD, 2x2 cross-polarized antenna configuration, ITU Urban Macro propagation model, planned cell IDs, transmission mode 4 with link and rank adapation enabled. 
2.3
Reference receiver

The SID recommends the reuse of CRS IM receiver assumed for Release 11 feICIC as well as LMMSE-IRC detector as baseline receiver to can be used for evaluating the gain of CRS IM. As further noted, LMMSE-IRC does not differentiate CRS or data interference when suppressing them and was assumed for Release 11 work item on interference rejection combining. We propose to further define CRS IM as explicit CRS interference cancellation (IC) considering up to 2 aggressor cell CRS which provides overall more gains compared to e.g. puncturing solutions, based on work conducted for Rel-11 feICIC in RAN4. It should be noted that one of the the SI objectives is to “Reuse of CRS IM receiver assumed for Release 11 feICIC.”, and use of explicit 2 cell CRS IC is consistent with the earlier assumptions made by RAN4 in the release 11 feICIC work item.
Proposal 8:
UE reference receiver assumes the same LMMSE-IRC detector as defined for Enhanced Performance Requirements Type A.
Proposal 9:  
Consider up to 2 aggressor cell CRS interference cancellation receiver combined with LMMSE-IRC detector.
Then, similarly to feICIC, network synchronization is assumed as well as single-FFT processing and mitigation of CRS interference from dominant interferers in frequency domain. The reference receiver should also be assumed to deal with time/frequency uncertainties introduced by propagation delay differences as well as time/frequency synchronization errors from the network side, considering the practical limitations of single FFT processing.
Proposal 10:
Similarly to feICIC, UE reference receiver assumes single-FFT processing.
Proposal 11:
Similarly to feICIC, UE reference receiver is assumed to cope with time offset/frequency shift between signal components of aggressor cells and serving cell, considering the practical limitations of single FFT processing.
2.4
Other aspects 

Assistance information
The objectives of the study item explicitly inidicate that only Release 11 CRS assistance information should be assumed to be available. From TS36.331, we can see that the CRS assistance information consists of a list of cells which are to be considered as candidates for CRS interference mitigation. Therefore, for each cell the information related to the CRS transmission (i.e. the physical cell ID, antenna port count and MBSFN configuration) are provided to the UE.

	NeighCellsCRS-Info-r11 ::=

CHOICE {


release






NULL,


setup






CRS-AssistanceInfoList-r11
}
CRS-AssistanceInfoList-r11 ::=
SEQUENCE (SIZE (1..maxCellReport)) OF CRS-AssistanceInfo-r11

CRS-AssistanceInfo-r11 ::= SEQUENCE {


physCellId-r11





PhysCellId,


antennaPortsCount-r11



ENUMERATED {an1, an2, an4, spare1},

mbsfn-SubframeConfigList-r11

MBSFN-SubframeConfigList,

...
}

-- ASN1STOP

neighCellsCRS-Info

This field contains assistance information, concerning the primary frequency, used by the UE to mitigate interference from CRS while performing RRM/RLM/CSI measurement or data demodulation. When the received CRS assistance information is for a cell with CRS colliding with that of the CRS of the cell to measure, the UE may use the CRS assistance information to mitigate CRS interference (as specified in TS 36.101 [42]) on the subframes indicated by measSubframePatternPCell, measSubframePatternConfigNeigh and csi-MeasSubframeSet1.Furthermore, the UE may use CRS assistance information to mitigate CRS interference from the cells in the IE for the demodulation purpose as specified in TS 36.101 [42].


The description of neighCellsCRS-Info indicates that the neighbour cell CRS information is linked to a Release 10 subframe pattern (i.e. some or all of either measSubframePatternPCell, measSubframePatternConfigNeigh, csi-MeasSubframeSet1) and the UE may mitigate CRS interference from those cells in the indicated subframes according to the assistance information. Since both the Release 11 CRS assistance information and the Release 10 subframe pattern for neighbour cell measurements relate to a list of PCIs, for feICIC the Release 10 and Release 11 signalling are implicitly linked to each other by the indicated PCI.
In the study item for homogeneous CRS IM, no ABS type of coordination is assumed between the neighbour cells, and therefore no measurement restriction patterns would typically be provided. Due to this, the Release 11 signalling should be assumed to operate independently of any signalled subframe list, something which already covered in the field description for the IE, which states that the UE may use the CRS assistance information for CRS interference mitigation for demodulation purposes. In other words, when a UE is being interfered by an aggressor cell for which the UE has been provided with CRS assistance information, the UE may use the assistance information to mitigate CRS interference in all subframes for demodulation purposes. 
Proposal 12: 
Release 11 assistance information is assumed to be modified to operate independently without any signalled Release 10 subframe list.
One aspect of the CRS interference that is not explicitly indicated in the assistance information is the bandwidth of the aggressor cell. A basic design principle of the LTE system was that the UE would never need to decode system information from a neighbour cell except when explicitly requested to do so by the serving eNB (for example for ANR measurements or CSG cell SIB1 reading for handover preparation). Hence, the study should not assume that the UE decodes MIB or any SIBs from any aggressor cell. This was also the reason why the aggressor cell configuration (i.e. PCI, MBSFN configuration and the number of antenna ports) are provided to the UE in the first place in the assistance information. Given the constraint that only the Release 11 assistance information shall be assumed, this means that it can be concluded that the UE cannot be explicitly aware of the system bandwidth of the interferer, and in the absence of additional information the only reasonable assumption that can be made is that the interferer has the same bandwidth as the serving cell. This assumption is expected to cover the study of nearly all practical cases, especially considering the study is targeted to homogeneous deployments rather than hotspot scenarios.
Proposal 13:
The study shall assume that the interfering cell(s) have the same system bandwith as the serving cell.
Network synchronization

As stated in the SID, synchronous network is assumed, similarly to feICIC. In terms of 3GPP requirements, UE may assume the following minimum requirements for timing/frequency accuracy between eNodeBs:
· Time synchronization: Section 7.4 of TS36.133 specifies that cell phase synchronization accuracy (i.e. timing), defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas should be ≤3s for small cells. Similarly to feICIC [6], system level studies will allow to evaluate time differences for aggressor macro cells compared to the victim macro cell, taking into account both propagation time differences as well as potential eNodeB Tx timing inaccuracies.
· Section 6.5.1 of TS36.104 specifies that the modulated carrier frequency of each E-UTRA carrier configured by a Wide Area BS shall be accurate to within ±0.05ppm for Wide Area BS, which translates to 100Hz at 2GHz carrier frequency. Hence, in a worst case scenario, the serving macro cell (wide area BS) and a macro aggressor cell (another wide area BS) may be offset by a maximum of 200Hz.
1-cell vs. 2-cell CRS IC

As stated explicitly by the SID, gains of CRS IM from 1 and 2 aggressor cells CRS shall be evaluated and compared, both at link and system level.

Intra- vs. inter-site CRS-IC
To our view, the primary objective of the study item is to characterize gains CRS IM without any restriction on the geographical/site location of the aggressor(s) cells, mainly because synchronous networks are assumed and UE receiver is based on single FFT processing. System level studies [7] on LMMSE-IRC during Release 11 timeframe revealed that, at cell edge in >60% of the cases, the strongest aggressor cell belongs to a different site than the serving cell. Also, in ~40% of the cases, both 1st and 2nd strongest aggressor cells were belonging to a different site than the serving cell. Therefore we propose to focus on CRS IM without any restriction on whether mitigated CRS interference is intra-/inter-site, rather than studying any restriction to the CRS interference which can be mitigated, as such a restriction naturally reduces the potential gains.
Proposal 14:
Focus on CRS IM without any restriction on whether mitigated CRS interference is intra-/inter-site, under the assumption of synchronous networks.
Signal/Interference levels for link level studies
There are two possible approaches to identify typical signal/interference levels:

Approach 1: 
Similar to Rel-11 Enhanced performance requirement for LTE UE: identify few geometries of interest, derive DIP (or equivalently {Es,D}/Noc) profiles, and finally evaluate the link level gain for three receiver options (no CRS-IC, 1-cell CRS-IC, 2 cell CRS-IC), few MCS classes, considering the weighted throughput gain methodology [3]. System level studies are used to further confirm the presence of gains for the considered receiver option. Although being the most complete approach, we would like to raise awareness on its associated workload:

2 geometries x 20 DIP profiles x 3 receiver options x 4 MCS x 5 values for RU 

= 2400 individual link simulations per company

We also note that the task of creating, collecting and aligning DIP profiles between companies for each pair of (geometry, RU value) through system level simulations is also significant.

Approach 2: 
Similarly to Rel-11 feICIC: system level simulations are conducted in order to determine typical conditions in terms of network loading and UE geometry where the gains of CRS-IC are significant, which task needs to be performed anyway [1]. Once this is done, the most relevant interference conditions and geometries (e.g. 5-th and/or 15-th percentile) are extracted for a subset of RU (e.g. low and medium). Finally, link level simulations are run for three receiver options and few MCS, which translates to:

2 geometries x 1 most relevant DIP profile x 3 receiver options x 4 MCS x 2 values for RU 

= 48 individual link simulations per company

Approach 2 requires obviously much lower link level simulation effort and the overall gains of CRS-IC in homogeneous deployments would still be captured through system level simulations.

Proposal 15:

RAN4 to discuss and agree whether Rel-11 IRC or Rel-11 feICIC type approach should be followed to derive signal/interference levels for link level simulations, including information on the number of cells to be explicitly modelled.
3
Conclusions

In this contribution we presented high level views on CRS interference mitigation in homogeneous network deployments with respect to scenarios and receiver structures. Based on the provided discussion and analysis, our proposals are as follows:
Proposal 1:
Reuse network deployment level parameters assumed for Enhanced performance requirement for LTE UE in Release 11, focusing on 3GPP Case1 with 3 dB HO bias.

Proposal 2:
As baseline, assume non-colliding CRS between serving and dominant aggressor/interfering cells and non-colliding CRS between dominant aggressor cells.

Proposal 3:
Use FTP Model 1 traffic model in all cells in system level simulations.

Proposal 4:
The system performance gain of CRS-IM should be analysed with traffic loads corresponding to the average resources utilisation ratios of 10%, 20%, 30%, 40% and 50%.

Proposal 5:
Reuse either one of the two approaches considered in RAN1 for system level modelling of CRS interference. 

Proposal 6:
Companies are requested to describe how realistic CRS IM is modelled at system level. 

Proposal 7: 
Results assuming ideal CRS IM may also provided as upper-bound, and the ideal CRS IM assumption must be clearly stated.

Proposal 8:
UE reference receiver assumes the same LMMSE-IRC detector as defined for Enhanced Performance Requirements Type A.

Proposal 9:  
Consider up to 2 aggressor cell CRS interfernce cancellation receiver combined with LMMSE-IRC detector.
Proposal 10:
Similarly to feICIC, UE reference receiver assumes single-FFT processing.
Proposal 11:
Similarly to feICIC, UE reference receiver is assumed to cope with time offset/frequency shift between signal components of aggressor cells and serving cell, considering the practical limitations of single FFT processing.

Proposal 12: 
Release 11 assistance information is assumed to be modified to operate independently without any signalled Release 10 subframe list.

Proposal 13:
The study shall assume that the interfering cell(s) have the same system bandwith as the serving cell.

Proposal 14:
Focus on CRS IM without any restriction on whether mitigated CRS interference is intra-/inter-site, under the assumption of synchronous networks.

Proposal 15:

RAN4 to discuss and agree whether Rel-11 IRC or Rel-11 feICIC type approach should be followed to derive signal/interference levels for link level simulations, including information on the number of cells to be explicitly modelled.
References

[1] RP-130393, CRS Interference Mitigation For Homogeneous Deployments, Ericsson, ST-Ericsson, NEC, MediaTek, Sony Mobile, Verizon, Orange, Softbank, Alcatel-Lucent, LG Electronics, Renesas
[2] RP-130404, Study on Network-Assisted Interference Cancellation and Suppression for LTE, MediaTek Inc., Renesas Mobile Europe Ltd, Broadcom Corporation, Orange, RIM, Telefonica, CHTTL, Magnolia Broadband, US Cellular, Verizon Wireless, China Telecom, China Mobile, T-Mobile USA, Intel, Deutsche Telekom, Telecom Italia, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Qualcomm, Huawei, HiSilicon, Sprint, ZTE, China Unicom, Lightsquared, CATR, Samsung, Ericsson, ST Ericsson, CATT, Softbank Mobile

[3] TR36.829, Enhanced performance requirement for LTE User Equipment (UE), Release 11
[4] TR36.814, Further advancements for E-UTRA physical layer aspects
[5] R1-112856, Summary of ad hoc session on FeICIC simulation assumptions, NTT DOCOMO
[6] R4-131666, System analysis of timing offsets in feICIC, Renesas Mobile Europe Ltd
[7] R4-124304, On the structure of the interference in asynchronous scenarios, Renesas Mobile Europe Ltd
[8] ITU-R M.2135
Proposed system level assumptions
Table 2: Proposed system level parameters (based on [3] with additions and modifications, where needed)
	Parameter
	Value

	Used deployment scenario
	3GPP Case 1

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site
	500 m
	1732 m

	Used propagation
	 ITU UMa ([8])

	Shadowing correlation
	Between cells
	0

	
	Between sectors
	1.0

	Penetration loss
	0 dB

	Antenna pattern
	Horizontal
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Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
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	Combining method in 3D antenna pattern
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	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	Hard handover hysteresis
	3 dB

	UE distribution
	Uniform, all users outdoors

	Network synchronization
	Synchronized

	PCI planning
	Planned cell ID layout with 3-CRS shift patterns

	Used traffic model
	FTP Model 1 ([4])

	File size 
	2 Mbytes, or alternatively 0.5 Mbytes

	Avg resource utilisation range
	10%, 20%, 30%, 40% and 50%

	Noise figure 
	9 dB

	Cell selection
	Based on RSRP

	DL transmission method
	2x2 TM4 closed-loop precoded MIMO with up to 2 spatially multiplexed data layers

	UE receiver
	IRC 

	Antenna configuration
	eNodeB: cross-polarized, slant-angles ±45°

UE: cross-polarized, slant-angles 0° and 90°
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