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1. Introduction
In this contribution we discuss various aspects related to the Rel-11 WI on Further Enhanced Non-CA Based ICIC for LTE ‎[1]. In particular, we address aspects related to further TDM eICIC performance improvement, including issues related to advanced UE receivers. So we basically address issues related to the following objectives from the WI description:
· Based on system performance gains, RAN1 to first identify the scenarios for which UE performance requirements in the following two bullets will be specified in terms of, e.g., number of interferers and their relative levels with respect to the serving cell,

· UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations - (RAN1, RAN4, RAN2)

· UE performance requirements and necessary signalling to the UE for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems depending on UE receiver implementations. Improved detection based on air interface enhancements to be considered - (RAN1, RAN4, RAN2)

As a first attempt to provide input to those above listed topics, we present co-channel macro + pico system level performance results according to previously agreed assumptions in 3GPP TR 36.814. Results are presented with/without Rel-10 TDM eICIC. For cases with TDM eICIC enabled, we take a simplified approach by assuming zero interference from ABS in order to quantify the maximum gain of TDM eICIC. Secondly, results are presented for cases with the following UE receiver assumptions; MMSE-IRC and MMSE-option1 receivers. The presented results in this contribution are meant to give a first indication of expected performance benefits related to the quoted objectives from the Rel-11 WI on Further Enhanced Non-CA Based ICIC for LTE.
The rest of the contribution is organized as follows: In Section 2 we outline the simulation methodology and assumptions, while the corresponding performance results are summarized in Section 3. Concluding remarks are summarized in Section 4.
2. Simulation methodology and assumptions
The co-channel macro + pico scenario 4b as defined in ‎[2] is simulated. A quasi-dynamic system level simulator is used, including explicit simulation of major RRM algorithms. Mainly the downlink is simulated. For scenarios with TDM eICIC enabled, we assume a perfectly synchronized network, where all macro eNBs use the same ABS muting pattern. In reality, ABS does include in transmission of CRS and potentially also channels such as BCH, PSS, SSS, and PCH, depending on the sub-frame number. However, for the sake of simplicity, we here assume that UEs experience zero interference from eNBs where these transmit ABS. The later correspond to cases where UEs are able to perfectly cancel residual interference from ABS, and thus gives a first indication of the potential benefits from having UE receivers that are capable of cancelling e.g. CRS interference stemming from ABS.
Cases with two different UE receiver types are considered. First we consider the case where Interference Rejection Combining (IRC) is applied at the UE. For the sake of simplicity, we assume 1 by 2 SIMO, and hence precoding is not needed at the base station side. The received signal has the form ‎[3]:
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where h denotes the Nrx by Ntx channel between the Base Station (BS) and the user; P is the transmission amplitude (square root of the transmission power); vector x with size Ntx is the transmitted modulation signal; vector n (size Nrx) is the thermal noise at the receiver side. The s and k indices of channel h represent the index of the serving and interfering BSs; Ntx =1 and Nrx=2 are the numbers of transmit and receive antennas.

The IRC receiver makes use of a weighting vector w for the interference cancellation. It minimizes the mean square error of the received signal, and is hence referred to as the MMSE-IRC receiver ‎[3]. The weighting vector is:
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In (2), 
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 is the noise variance and 
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 is the Nrx by Nrx identity matrix. The capability of MMSE-IRC receiver for interference cancellation depends on the accuracy of the weighting factor w, and in turn, the spatial correlation matrix R. Several methods for estimation of R have been considered in 3GPP ‎[3]-‎[6]. In this study, we assume the ideal MMSE-IRC with perfect knowledge of the correlation matrix, which requires the fast fading channel gain h and power P to be known exactly.
The other receiver considered in this study is the MMSE option 1 receiver in ‎[3], which uses a correlation matrix of:
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The receiver in (3) is optimal when there is no correlation in the received interference at the multiple receiving antennas, e.g., in the noise-only case. However, in interference limited scenarios, there will be significant gain by exploiting the correlation using the MMSE-IRC receiver. In coming studies, more detailed modelling of UE receivers at system level shall be considered; e.g. following the principles that were recently discussed in ‎[3]-‎[6].
Serving cell selection is based on RSRP UE measurements. However, for Pico cells, an additional range extension (RE) offset is applied to further increase the offload from macro to pico for cases where this is possible. Other main simulation parameters are summarized in Tables in the Annex of this contribution.
3. Performance Results
Fig. 1 summarizes the normalized 5%-tile and 50%-tile downlink user throughput for three cases: only macro, macro+pico without eICIC, and macro+pico with eICIC. Here, the case without eICIC corresponds to purely co-channel deployment of macro and pico nodes without pico-layer range extension or resource partitioning (in time or frequency domain). RE for picos is not considered for the case without TDM eICIC since it involves risks of pico-UEs experiencing too low SINR – note here that margin for mobility also needs to be taken into account. The case with eICIC is obtained with a TDM muting ratio of 50%, which is found to be most beneficial in the considered scenario, and an optimized RE-offset according to Table I, i.e., 12 dB for MMSE-option1 receiver and 14 dB for MMSE-IRC receiver. The optimal RE-offset is chosen such that the 5%-tile UE throughput is maximized. Here it is observed that both the 5%-tile and 50%-tile user throughput increases dramatically by adding pico eNBs even for cases without active use of ICIC. Enabling TDM eICIC and more aggressive use of pico eNB RE brings additional benefits. With the baseline configuration without interference management, 39% of the users are served by the pico eNBs, while this number increases to 79% for the case where TDM eICIC is used together with an MMSE-IRC receiver. Thus, the use of TDM eICIC enables higher offload from macro to pico for the considered scenario. However, as will be discussed in a corresponding RAN1 contribution, using ABS in the downlink may also have some unfortunate effects on the uplink performance unless enhancements are considered.
Another interesting observation from the presented results is that the additional gain of using MMSE-IRC receivers tends to increase for the macro + pico scenario as compared to the macro only case. The latter observation can be explained by the higher probability of experiencing a dominant interferer for the macro + pico scenario. The highest gain from MMSE-IRC is observed for macro + pico with TDM eICIC, since this scenario is characterized by the highest DIR. The use of MMSE-IRC receivers allows using higher values of the cell individual RE offsets for pico eNBs, as compared to cases where UEs use MMSE-option1 receivers to combine the signals received at the two terminal antennas. Depending on the UE receiver type, the relative gain of TDM eICIC is in the order of 50%-70% compared to plain macro + pico without any ICIC and RE for the considered scenario.
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Fig. 1: Relative user-throughput performance gain of deploying pico eNBs with/without TDM eICIC for two different UE receiver types. 

Table I provides additional information, where the optimal RE offset for pico nodes is reported for different ratios of ABS at the macro layer. As expected, higher values of the RE offset for pico’s shall be applied when more subframes at the macro-layer are ABS. For the case with zero ABS at the macro (i.e. eICIC disabled), only small values of the RE offset are applicable. Taking into account that some handover hysteresis marginal is also required, there is in principle not much room for using RE offset of more than couple of decibels for cases with no eICIC. The results in Table I also show that a larger RE offset for eICIC cases can typically be tolerated if using MMSE-IRC UE receivers. That observation can be explained by the UE receivers’ capability of suppressing dominant interferer. 
Table I: Optimal RE-offset for different muting ratios and different receiver types
	Muting ratio at macro-eNB
	0/8
	1/8
	2/8
	3/8
	4/8
	5/8
	6/8

	Optimal RE [dB] with MMSE-option1
	4
	6
	8
	10
	12
	16
	20

	Optimal RE [dB] with MMSE-IRC
	6
	8
	8
	10
	14
	16
	20


Finally, Fig.2 summarizes the percentage of UEs connected to picos depending on the assumed pico eNB RE offset. Thus, we TDM eICIC and 14 dB RE, it is observed that the percentage of offloaded users from macro to pico increase from 40% case without TDM eICIC and 0 dB RE) to nearly 80%. 
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Fig. 2: Relation between pico-cell RE-offset [dB] and the ratio of UEs that are offloaded by the pico-layer [%]. 

4. Conclusions

The contribution can be summarized with the following observations and proposals:

· Our results show that using MMSE-IRC receiver provides attractive gains for HetNet scenarios as compared to an MMSE-option1 receiver. Such observations are made for both cases with/without TDM eICIC enabled. Thus, it would be desirable to also have studied advanced UE receivers when TDM eICIC is not used.
· In order to have a fair evaluation of TDM eICIC performance gain, the same UE receiver assumptions shall be used for the baseline case (i.e. case without TDM eICIC) and TDM eICIC case.
· For achieving good performance with TDM eICIC it appears important to have nearly zero interference from ABS. Thus, it would desirable to have further studied if it is realistic to assume that UEs are capable of suppressing residual interference from ABS (such as e.g. CRS interference), and whether it requires additional standardization in Rel-11.

· As mentioned in the WI description, it would be desirable to have studied in more details if having new signaling to UEs can significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers. A clear gain should be shown to justify standardization of new eNB-to-UE signaling enhancements.
RAN WG1 is therefore kindly asked to take the above into account when further progressing with the work for the Rel-11 WI on Further Enhanced Non-CA Based ICIC for LTE. 
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Annex: Summary of Simulation Parameters

Table II: Summary of default simulation assumptions.

	Parameter
	Setting

	UE placement
	Clustered, Photspot = 2/3

	Network Layout
	D1: 500m macro ISD with 4 picos/macro-cell

	Number of macro sites
	7

	Wrap-around
	Yes, based on minimum distance

	Minimum coupling loss limit applied
	No

	Free space path loss limit applied
	No

	Nusers
	30

	Number of runs
	10 (total number of UEs per parameter setting is 10·3·7·30 = 6300)

	Transmit power
	Macro: 46 dBm; Pico: 30 dBm

	Network synchronization
	Frame-aligned

	Bandwidth
	10 MHz at 2000 MHz frequency

	Antenna system
	1 by 2 with MMSE-IRC or MMSE-option1 receiver

	Feeder loss
	0 dB

	Antenna gain
	Macro: 14 dBi; Pico: 5 dBi; UE: 0 dBi

	Antenna pattern
	Macro: 3D, as in table 2; Pico and UE: Omni

	Traffic model
	Full buffer, full load

	Path loss
	Macro to UE: L= 128.1+37.6·log10(R) – L(f)
Pico to UE: L= 140.7+36.7·log10(R) – L(f)
, R in km

, L(f) is the frequency correction factor

	L(f), frequency correction factor
	-21·log10( f / 2000MHz )

	Penetration loss (for all UEs)
	20 dB

	Shadow fading
	Lognormal, 

std. deviation =10 dB for Pico-UE links,

std. deviation = 8 dB for Macro-UE links

	Shadowing correlation between sites (Macro-Macro, Pico-Pico, and Macro-Pico)
	0.5

	Shadowing correlation between (Macro) sectors of the same site
	1.0

	Minimum distance from pico node to macro nodes
	75m

	Minimum distance between UE and macro node
	35m (UEs closer than this are invalidated)

	Minimum distance between UE and pico node
	10m (UEs closer than this are invalidated)



	Minimum distance among pico nodes
	40 m

	eNB packet scheduling
	Radio channel aware proportional fair

	Serving cell selection
	RSRP based. RE offset applied for Pico cells.

	UE feedback
	Rel-10 UE assumptions:
Separate CSI for ABS and non-ABS
Frequency selective.
CSI error: Zero mean Gaussian with 1 dB std

	Interference from ABS
	Zero

	ABS muting pattern
	Same for all macro eNBs

Patterns: [11111111], [01111111], [00111111], [00011111],

        [00001111], [00000111], [00000011]

Muting ratio: 0/8 to 6/8

	Duplex mode
	FDD

	PDCCH, BCH, PSS, SSS modeling
	Not included. 


Table III. Macro cell antenna model [2].
	Antenna pattern (horizontal)
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	Antenna pattern (vertical)
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The parameter 
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
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= 15 degrees for 3GPP case 1 and 
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= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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