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1. Introduction

At the last RAN plenary meeting, the item of the network-assisted interference cancellation and suppression for LTE was agreed as Release 12 SI in RAN WG1 and WG4 [1]. As the first step of this SI in RAN WG4, the objectives were captured as follows.
·  (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 this contribution, we discuss link-level simulation methodologies including interference modeling schemes for Rel. 12 IS and/or IC receivers. 
2. Evaluation Methodologies for Rel. 12 IS/IC Receivers
In the past investigations on Rel. 11 enhanced UE receiver SI, demodulation performance of MMSE-IRC receiver has been specified based on the investigations in the SI phase [2]. According to Rel.11 SI, the performance of the MMSE-IRC receiver was evaluated in accordance with the following three steps:

· Step 1: Network scenarios identifying

· Step 2: Interference modelling based on system level simulation
· Step 3: Link performance evaluation using interference modelling

Following the investigations in Rel. 11 SI, our views on Step 2 and Step 3, i.e., interference modelling schemes and link-level simulation methodologies, are described in this contribution.
2.1. Interference modeling using dominant interferer proportion (DIP)
In Rel. 11 SI, the interference models/profiles were defined, which were developed in order to assess the link level performance of Rel. 11 MMSE-IRC receiver [2]. 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 order to facilitate defining the statistical measures, we describe the interference profile derivation method investigated in Rel. 11 SI in this section.
In the investigations in Rel. 11 SI, the dominant interferer proportion (DIP) was defined as a key parameter in order to define the interference profiles. Furthermore, the inter-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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where Ns +Na = NBS , i.e. is the total number of eNodeBs considered including the serving cell. Note that power from the serving cell, 
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Using the DIP, the following types of interference profiles were investigated assuming homogeneous network based on 3GPP Case 1 in [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 three DIP profiles that are defined based on the weighted average throughput gain method for the 0 dB, -3dB, and -2.5 dB geometries

Among these types of interference profiles, when comparing these profiles that the median profile was actually quite close to both of the profiles conditioned on -3 dB geometry, and how really close the latter two were to each other. This suggested that the median profile probably should have only been used for the -3 dB geometry condition, and that it was important to condition the DIP ratios on geometry to obtain meaningful results.
According to the past investigations for the interference profiles, we consider that the derivation method of interference profiles including the number of dominant interfering cells based on DIP can model the interference appropriately. Therefore, this DIP approach should be re-used for Rel.12 SI investigations. Note that our preference of the interference profiles is the 2nd profiles, i.e., based on weighted average throughput gain. This is because these profiles derived in [2] also used for performance requirements of Rel. 11 MMSE-IRC receiver.
As we describe in [3], homogeneous network should be addressed in Rel. 12 SI. In this deployment scenario, 3GPP Case 1 seems to be suitable since typical inter-cell interference limited environment, which was also investigated in Rel. 11 SI. In this case, the DIP values and number of dominant interfering cells can be re-used especially for the cell-edge environment, i.e., geometries of 0 dB and -2.5 dB.
Additionally, heterogeneous network without any ICIC and CoMP may be useful to investigate the effect of Rel. 12 IS/IC receivers since the severe inter-cell interferences are arrived at UEs. In this case, to maximize the throughput improvement for IS/IC receivers, high-SNR/high-DIP should be assumed. To model this condition, it seems better that DIP values for all geometries are evaluated, and these DIP values are conditioned base on specific SNR. 
The simulation assumptions for these deployment scenarios are summarized in [2], [4]. Our proposal of the simulation assumptions is shown in Table A1 and A2 in the Annex. Note that regarding the homogeneous network based on 3GPP Case 1, the hard handover hysteresis is included in addition to [4], which was agreed assumptions in Rel. 11 SI.

(Proposal 1)

· Interference modelling schemes for Rel. 11 investigations should be re-used for Rel. 12 SI
· Interference modelling results for Rel. 11 can be re-used especially at the cell-edge environment when assuming homogeneous network based on 3GPP Case 1
· When assuming heterogeneous network without any ICIC and CoMP operations, high-SNR/high-DIP cases should be modeled
2.2. Performance metric
According to the past investigations in Rel. 11 SI, the throughput performance under fixed MCS was evaluated. Therefore, in order to clarify the gains of Rel. 12 IS/IC receivers, we consider that the MCS-fixed throughput performance comparison between Rel. 12 IS/IC receivers and Rel. 11 MMSE-IRC receiver/Rel. 8 baseline receiver. 
(Proposal 2)

· As a performance metric, throughput performance under fixed MCS should be evaluated
· Comparing throughput performance between Rel.12 IS/IC receivers and Rel.11 MMSE-IRC receiver/Rel. 8 baseline receiver
2.3. Transmission mode (TM)
We consider that the interference conditions in open-loop and closed-loop MIMO cases are different because the beamformed interference signals might arrive toward the UE for closed-loop MIMO case. Furthermore, the difference in CRS based or CSI-RS/DM-RS based transmission modes might also affect the gains of IS/IC receivers because of the difference in the RS density. Therefore, we proposed that TM3 and TM9 should be evaluated.
(Proposal 3)

· Following transmission modes should be evaluated
· TM3 (Open-loop MIMO transmission, CRS-based)

· TM9 (Closed-loop MIMO transmission, CSI-RS/DM-RS-based)

2.4. Number of transmission rank
In Rel. 12 SI, the target scenarios for the performance improvement of Rel. 12 IS/IC receivers are not limited to the cell-edge region among macrocells as mentioned in [3]. Therefore, both cases where low-SNR/low-DIP is assumed such as the cell-edge environment in homogeneous network and high-SNR/high-DIP is assumed such as heterogeneous network without any ICIC and CoMP operation should be included in the evaluation.
For the low-SNR/low-DIP case in homogeneous network, in regard to the source of the desired signal, Rank-1 transmission case should be evaluated when assuming the cell-edge environment. For the high-SNR/high-DIP case in heterogeneous network, multi-stream transmission case, i.e., over Rank-2 transmission case, needs to evaluate since further SNR improvement might be achieved especially for IC receiver thanks to cancel the severe interfering signals. Note that at least Rank-2 transmission case should be focused to avoid the increase in the number of simulation scenarios.

In contrary, regarding the number of transmission ranks for the interference signals transmitted from interfering cells, these should be determined regardless of the evaluated UE when NW-assisted scheduler is not assumed. Therefore, the case where the number of transmission ranks in the interferes is determined randomly from subframe to subframe should be included for the simulation condition at least. The reason why assuming subframe-by-subframe changing is that the resource allocation in the interference cells is changed in every subframe. Following this phenomenon, PMI for the interference signals should be also determined randomly from subframe to subframe. Note that these modelling schemes of transmission rank and PMI for interference signals were used in Rel. 11 SI and WI evaluations.
(Proposal 4)

· For desired signal, Rank-1 and Rank-2 transmission should be included in the evaluation
· For interference signals, the case where numbers of transmission rank and PMI are determined randomly from subframe to subframe should be included in the evaluation when NW-assisted scheduler is not assumed
2.5. Traffic model for interfering cells
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.
(Proposal 5)

· Full-buffer traffic assumption should be investigated as a baseline
· On/off traffic model is candidate for evaluation of simple partially loaded case in the interfering cell 

3. Conclusion

This contribution proposed the link-level simulation methodologies including interference modeling schemes for Rel. 12 IS or IC receivers as follows.
(Proposal 1)

· Interference modelling schemes for Rel. 11 investigations should be re-used for Rel. 12 SI

· Interference modelling results for Rel. 11 can be re-used especially at the cell-edge environment when assuming homogeneous network based on 3GPP Case 1
· When assuming heterogeneous network without any ICIC and CoMP operations, high-SNR/high-DIP cases should be modeled
(Proposal 2)

· As a performance metric, throughput performance under fixed MCS should be evaluated
· Comparing throughput performance between Rel.12 IS/IC receivers and Rel.11 receivers

(Proposal 3)

· Following transmission modes should be evaluated
· TM3 (Open-loop MIMO transmission, CRS-based)

· TM9 (Closed-loop MIMO transmission, CSI-RS/DM-RS-based)

(Proposal 4)

· For desired signal, Rank-1 and Rank-2 transmission should be included in the evaluation

· For interference signals, the case where numbers of transmission rank and PMI are determined randomly from subframe to subframe should be included in the evaluation when NW-assisted scheduler is not assumed
(Proposal 5)

· Full-buffer traffic assumption should be investigated as a baseline
· On/off traffic model is candidate for evaluation of simple partially loaded case in the interfering cell 

References
[1] 3GPP, RP-130404, MediaTek, Renesas Mobile Europe, Broadcom Corporation, “Study on network-assisted interference cancellation and suppression for LTE,” Feb. 2013.
[2] 3GPP, TR 36.829 (V11.1.0), “Enhanced performance requirement for LTE User Equipment (UE),” Dec. 2012.
[3] 3GPP, R4-131496, NTT DOCOMO, “Evaluation Scenarios for Interference Suppression/Cancellation Receivers,” April 2013.
[4] 3GPP, TR 36.814 (V9.0.0), “Further advancements for E-UTRA physical layer aspects,” March 2010.

Annex

Table A1 – Proposal simulation assumptions for homogeneous network captured on TR36.829
	Parameter
	Assumption

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

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

	Inter-site
	500 m

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km

	Shadowing standard deviation
	8 dB

	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

	Traffic model
	Full buffer traffic

and non-full buffer/ non-full traffic model (optional)


Table A2 – Proposal simulation assumptions for heterogeneous network based on TR36.814
	Parameter
	Macrocells
	Smallcells

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

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

	Inter-site
	500 m
	

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km
	L = 140.7 + 36.7log10(R), R: km

	Shadowing standard deviation
	8 dB
	10 dB

	Shadowing correlation
	Between cells
	0.5
	0.5

	
	Between sectors
	1.0
	

	Penetration loss
	20 dB

	Antenna pattern
	Horizontal
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	Omni directional

	
	Vertical
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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
	30 dBm

	Antenna gain
	14 dBi
	5 dBi

	Placing of new nodes and UEs
	Configuration #1/#4b in TR36.814

	Minimum distance between UE and macrocell
	>= 35 meters

	Minimum distance between macrocell and smallcells
	>= 75 meters

	Minimum distance between UE and smallcells
	> 10m 

	Minimum distance among smallcells
	40 m

	Hard handover hysteresis
	0 dB

	Traffic model
	Full buffer traffic

and non-full buffer/ non-full traffic model (optional)
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