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1. Introduction

At the last RAN plenary meeting, the item of the enhanced performance requirement for LTE UE was agreed as Release 11 SI in RAN WG4 [1]. The initial work plans are captured in [1] as follows:
3GPPRAN4#60-BIS:

· Agree on evaluation scenarios, interference models, and performance metrics

3GPPRAN4#61

· Review initial simulation results and agree further simulation cases to conclude the SI

· Review initial complexity analysis

3GPPRAN4#62

· Review further results, finalize TR, decision on work item
In this contribution, we discuss the evaluation methodologies of the interference models and the performance metrics for the enhanced UE receiver performance evaluation based on the investigations in HSDPA SI phase [2].
2. Evaluation Methodologies for Enhanced UE Receiver
For HSDPA, demodulation performance of inter-cell interference suppression receiver, which is referred to as Type 3i, has been specified based on the investigations in the SI phase [2]. According to HSDPA SI [2], the performance of the inter-cell interference suppression receiver was evaluated in accordance with the following three steps:
· Step 1: Network scenarios identifying
· Step 2: Interference modelling for link performance evaluation

· Step 3: Link performance evaluation using interference modelling
Following the investigations in HSDPA SI, we discuss the simulation methodologies for the enhanced UE receiver performance evaluation.
2.1 Network Scenario

In this section, we discuss deployment scenarios synchorinzation between eNodes,  and traffic models for performance evaluation of enhanced UE receivers.

· Deployment scenario

As deployment scenarios, in order to evaluate the actual gains of enhanced UE receivers, we propose that different inter-site distance (ISD) deployment scenarios should be investigated. This is because the inter-cell interference condition is different according to the ISD. More specifically, we proposed the two deployment scenarios, i.e., 3GPP Case 1 and 3 system simulation assumptions [3]. In these scenarios, since each ISD is 500 m and 1732m, respectively, we can investigate the performance evaluation under the different inter-cell interference conditions. For details of 3GPP Case 1 and 3, we describe in section 2.2.2. In regard to the network model, both synchronous and asynchronous operations among macro eNodeBs should be investigated in order to confirm the actual gains in FDD asynchronous operation case.

Furthermore, even when the inter-cell interference does not exist, the performance of the the enhanced UE receiver should be same as that of the baseline receiver. In order to ensure this, the performance of the the enhanced UE receiver should be verified in no inter-cell interference environment, i.e., single-cell deployment. In this case, we do not have to investigate the interference modeling.
· Syncrhonization between eNodes.
Although the synchronization between collocated eNodes is easily performed, we need to consider two cases for the synchronization between eNodeBs, which are separately located. Therefore, at least following two cases should be investigated.
· Case 1: Synchronized network, i.e., all eNodeBs are synchronized (Figure 1(a)).

· Case 2: Asynchronized network, i.e., only collocated eNodeBs are synchronized (Figure 1(b))
Although all inter-cell interference is synchronized in case 1, the inter-cell interference is categorized into two parts, i.e., synchronized interference originated from collocated eNodeBs, and asynchronized interference. 
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(a) Synchronous network for all cells           (b) Synchronous network within a cell site 

(Number of synchronous cells = 57)                      (Number of synchronous cells = 3)

Figure 1  Synchronous and asynchronous network models
· Traffic model

In regard to the traffic models, the full-buffer traffic assumption that is made to ensure that all cells are fully loaded should be investigated as a baseline. Furthermore, in order to confirm the performance under the environment where interfering cells are partially loaded, i.e., the number of the interfering cells is reduced according to the data traffic in the interfering cells, we proposed the on/off traffic model for a simplicity. In this model, "on" or "off" traffic in interfering cell is determined based on the probability value of active factor. Furthermore, "on" or "off" traffic is changed from subframe to subframe for each interfering cell.
2.2 Interference Modelling for Link Performance Evaluation
In [2], the interference models/profiles were defined, which were developed in order to assess the link level performance of the enhanced UE receiver.. Studying the interference modelling, it is important to define a number of statistical measures which provide useful insight into understanding the complex interference environment. To generate results for the statistical measures, system level simulations were conducted [2]. Therefore, in this section, we describe the interference profile investigated in HSDPA SI and the simulation assumptions in order to define the statistical measures. 
2.2.1 Interference Profile using Dominant Interferer Proportion
In the investigations in HSDPA SI, the dominant interfere proportion (DIP) was defined as a key parameter in order to define the interference profiles. Furthermore, as discussed in section 2.1, the ineter-cell interference is categorized into two parts on asynchronized network. Therefore, the DIP was defined as the ratio of the power of a given interfering eNodeBs over the total other cell interference power. According to [2], the DIP of synchronized, and asynchronized interference, 
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is the average received power from the j-th strongest eNodeB for synchronized, and asynchronized interference (
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 implies serving cell), N is the thermal noise power over the received bandwidth, and NBS is the total number of eNodeBs considered including the serving cell. Ioc is defined as follows.
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Note that power from the serving cell, 
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Using the DIP, the following types of interference profiles were investigated in HSDPA SI [2]:
· Interference profile based on median values
· The median DIP values that are to be used for all geometries considered
· Interference profiles based on weighted average throughput gain
· The two DIP profiles that are defined based on the weighted average throughput gain method for the 0 dB and -3 dB geometries
· Interference profiles based on field data
· The DIP entries based on field data where the geometries are limited to 0 and -3 dB
Among these types of interference profiles, the 2nd profiles were accepted for link-level simulation purposes in HSDPA SI [2] since it was discussed that the 1st profiles, i.e., median DIP values, might give a pessimistic assessment of the potential gain that an IC receiver capability might provide.
According to the past investigations for the interference profiles, we consider that the derivation method of interference profiles including the number of dominant interferes can be re-used for Release 11 enhanced UE receiver investigations. Therefore, we proposed that the 2nd profiles should be used to define the interference profiles in Release 11 SI. 
2.2.2 Simulation Assumption for Interference Profile
Since the past simulation assumption for interference profiles in [2] contained no vertical gain diagram, i.e., only horizontal gain diagram was specified, we consider that this assumption is unreasonable for the accurate inter-cell interference modelling. Therefore, we proposed that 3GPP Case 1 and 3 system simulation assumptions [3], which are included not only the horizontal gain but also vertical gain, are used for the interference modelling. Furthermore, to model the actual inter-cell interference, we also propose that the hard handover hysteresis should be considered. Our proposal regarding the simulation assumptions is shown in Table 1. This is based on 3GPP Case 1 and 3 including the hard handover hysteresis
In the Annex, the preliminary interference evaluation results based on Table 1 are shown.

Table 1 – Simulation Assumptions
	Parameter
	3GPP Case 1
	3GPP Case 3

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

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

	Inter-site distance
	500 m
	1732 m

	Distance-dependent path loss
	L= 128.1 + 37.6Log10(R km)

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	20 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


2.3 Link Performance Evaluation using Interference Profile
To clarify the gains of enhanced UE receivers, link-level simulations should be performed using the interference profiles obtained by the modelling. In this section, we discuss the evaluation conditions for link-level simulations.
· Performance metric
According to the past investigations in HSDPA SI [2], the throughput performance under fixed modulation schemes was evaluated. Therefore, in order to clarify the gains of enhanced UE receivers, we consider that the throughput performance comparison between enhanced UE receivers and Release 8 baseline UE receivers. However, we consider that link adaptation should be used to evaluate the actual gains.

· Number of transmission rank
In regard to the source of the desired signal, we consider that Rank-1 transmission case should be evaluated since enhanced UE receivers are expected to improve the cell-edge user performance. Furthermore, to confirm whether the performance for enhanced UE receivers is degraded or not compared to Release 8 baseline receivers when Rank-2 transmission is used, Rank-2 transmission case should be evaluated.

In contrary, since the number of transmission ranks for the sources of interference signals should be determined regardless of the evaluated UE, we propose that the number of transmission ranks in the interferes is determined randomly. In this proposal, the number of transmission ranks should be changed from subframe to subframe since the resource allocation in the interference cells is also changed every subframe.

· Transmission mode
We consider that the inter-cell interference conditions in open-loop and closed-loop MIMO cases are different because the beamformed interference might be arrived at the UE in closed-loop MIMO case. Furthermore, the difference in CRS based or CSI-RS/DM-RS based transmission modes might also affect the gains of enhanced UE receivers because of the difference in the RS density. Therefore, we proposed that the following transmission modes should be evaluated:
· TM2 or TM3 transmission

· TM9 transmission

· Geometry
The link performance was finally evaluated under the fixed low geometry conditions, i.e., 0 dB and -3 dB, in [2]. This is because the low geometries are intuitively where an IC receiver is going to provide benefit. Therefore, when the multi-cell deployment scenarios are assumed, throughput performance should be evaluated under the low geometries such as 0 dB and -3 dB in the Release 11 enhanced UE receiver investigations. Additionally, for Rank-2 transmission, we consider that the higher geometries than those for Rank-1 transmission should be evaluated.
In contrary, when the single-cell deployment is assumed, throughput performance vs. SNR curve should be evaluated for simplicity.
3. Conclusion
This contribution discussed we discuss the evaluation methodologies for the enhanced UE receiver performance evaluation. 
In regard to the network scenarios, we proposed the deployment scenarios and the traffic models as follows.

· Deployment scenario

The ISD deployment scenarios, i.e., 3GPP Case 1 and 3, should be investigated. Both synchronous and asynchronous operations should be investigated in order to confirm the actual gains in FDD asynchronous operation case. Furthermore, only single-cell deployment should be evaluated.
· Traffic model

The full-buffer traffic assumption should be investigated as a baseline. Furthermore, we proposed that the performance is evaluated using the on/off traffic model for a simple partially loaded case in the interfering cell. 
In regard to the interference modeling, we proposed that the derivation method of interference profiles in HSDPA SI can be re-used for Release 11 enhanced UE receiver investigations, i.e., based on the results from system-level simulations. However, using more realistic inter-cell interference environment, we proposed the 3GPP Case 1 and 3 including the hard handover hysteresis are used for the system-level simulation assumptions instead of the assumptions in [2].
In regard to the link performance evaluation, we proposed the following evaluation conditions.

· Performance type

Throughput performance using link adaptation should be evaluated.

· Number of transmission ranks

In regard to the source of the desired signal, Rank-1 and Rank-2 transmission case should be evaluated. In regard to the sources of the interference, it is better that the number of transmission ranks is determined randomly from subframe to subframe.

· Transmission mode

TM2/3 and TM9 transmission cases should be evaluated.

· Geometry
When the multi-cell deployments are assumed, for Rank-1 transmission, the low geometries such as 0 dB and -3 dB cases should be evaluated. Furthermore, for Rank-2 transmission, the higher geometries than those for Rank-1 transmission should be evaluated. When the single-cell deployment is assumed, the throughput performance vs. SNR curve should be evaluated for simplicity.
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Annex  Preliminary Interference Evaluation Results
In the Annex, the preliminary interference evaluation results based on Table 1, i.e., 3GPP Case 1 and 3 including the hard handover hysteresis, are shown. Following performances are evaluated based on the investigations in HSDPA SI [2].
· Geometry CDF
· Eight strongest interfering cells to the total interference in the system
· Unconditional DIP CDFs for the eight strongest interfering cells
· Conditional median DIP values conditioned on -3 dB, 0 dB, 5 dB, and 10 dB values of geometry
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 (a) 3GPP Case 1                                                       (b) 3GPP Case 3 

Figure A1 – Geometry CDF.
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(a) 3GPP Case 1                                                      (b) 3GPP Case 3 

Figure A2 – Eight strongest interferes.
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(a) 3GPP Case 1                                                      (b) 3GPP Case 3 

Figure A3 – Unconditional DIP CDFs.
[image: image25.emf]-35

-30

-25

-20

-15

-10

-5

0

Geometry (dB)

Median DIP (dB)

-3 0                5              10            All

DIP

1

DIP

2

DIP

3

DIP

4

DIP

5

DIP

6

DIP

7

DIP

8

     [image: image26.emf]-35

-30

-25

-20

-15

-10

-5

0

Geometry (dB)

Median DIP (dB)

-3 0                5              10            All

DIP

1

DIP

2

DIP

3

DIP

4

DIP

5

DIP

6

DIP

7

DIP

8


(a) 3GPP Case 1                                                      (b) 3GPP Case 3 

Figure A4 – Conditional Median DIPs.
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