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1. Introduction 
The draft agenda description for RAN1 #66 (for the work item [1]) is as follows:
Based on system performance gains identify the scenarios for which the following UE performance requirements will be specified, in terms of, e.g., number of interferers and their relative levels with respect to the serving cell.

· UE performance requirements 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)

· UE performance requirements 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.

· Dominant interference applicable to both macro-pico and CSG scenarios and  with or without handover biasing
In this contribution, we present system-level performance results in a co-channel macro-pico deployment employing Rel-10 ICIC. Based on these results, we outline our views on network operation and possible UE enhancements such as improved detection of Physical layer cell-ID (PCI) and system information for different configurations [e.g. with/without colliding reference signals (RS)] in dominant interferer scenarios.
2. Overview of Rel-10 ICIC

Cell Range Expansion (CRE) schemes enable the network to expand the radio footprint of lower power nodes (e.g. pico cells) by offload traffic from macro cell eNodeBs on to pico cell eNodeBs. CRE biases users in favour of selecting a pico cell eNodeB by adding a cell-selection bias to their RSRP. Therefore, the UE selects its serving cell from the set 
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Here, the bias value potentially non-zero (Rel-8 RSRP corresponds to CRE with bias value equalling zero dB) for a pico cell eNodeB and equals zero for all macro cell eNodeBs. With CRE however, a range extended pico cell UE (PUE) experiences performance degradation arising from downlink interference due to macro cell transmissions. The performance degradation is pronounced at bias levels generally identified at values greater than 8 dB [2] [3]. 
Rel-10 ICIC extended the Frequency-domain based Rel-8 ICIC onto the time-domain through backhaul coordinated transmission of low-interference subframes. Rel-10 ICIC provides a framework for backhaul coordinated scheduling by which a source cell (typically a “dominant” interferer) notifies the victim cell via a bitmap over backhaul interface such as X2, informing which subframes are conducive for the victim cell to schedule UEs susceptible to the aggressor cell transmissions. In a macro-pico scenario for example, when the macro cell eNodeB transmits “Almost-blank” subframes (ABS), pico cell UEs (PUEs) experience lower levels of interference because of the absence of PDCCH and unicast traffic from the macro cell eNodeB during ABS transmissions.  As a result, the pico cell eNodeB should preferably schedule range extended PUEs during macro cell ABS, so that such UEs – typically within deep coverage of the macro cell eNodeB – are insulated from downlink interference on their data and control channels. On the other hand, cell-interior PUEs have a reliable link quality to their pico cell eNodeB, hence they can be scheduled on subframes during which the macro cell eNodeB transmits unicast traffic.
2.1. CSI Reporting and PDSCH Demodulation in Transmission Mode 9
In addition to resource-restricted scheduling, Rel-10 ICIC introduces resource-restricted CSI measurement [4] [5] [6]. Resource-restricted CSI measurement for periodic/aperiodic CSI reporting is as follows:

Aperiodic CSI Reporting: For CSI reporting instance at subframe n, UE shall report CSI feedback based on the subset containing the CQI reference resource.

Periodic CSI Reporting: Explicit RRC configuration links each CSI feedback to a configured subset. The eNodeB can configure either 1 or 2 sets of periodic CSI reporting parameters. 

With the introduction of Transmission Mode 9 (TM-9), Rel-10 introduced newer capabilities to support 8 layer SU-MIMO transmission and dynamic SU/MU-MIMO switching based on UE-RS reception. Because UE-RS is precoded, TM-9 provides the flexibility for the eNodeB to use arbitrary precoders during transmission. In TM-9, a UE employs:

· UE-specific Reference Signals (UE-RS) for channel estimation during demodulation and 

· Channel State Information Reference Signal (CSI-RS) for channel estimation during link adaptation.

Figure 1 shows an example of resource restricted periodic CSI measurement for a UE configured in TM-9. 
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Figure 1: Resource-Restricted CSI Measurement in Transmission Mode 9.
Observation 1 [CSI-RS reception]: Rel-10 provides a framework for reliable CSI-RS reception at victim cell UE (e.g. pico cell UE) in presence of dominant interferers (e.g. macro cell eNodeB). This can be done according to either of the following schemes:

Alt 1: Configuring the aggressor cell with zero-power CSI-RS with zero-power CSI-RS subframe configuration identical to the CSI-RS subframe configuration of the victim cell.

Alt2: Transmitting the CSI-RS of the victim cell during protected subframes (ABS) of the aggressor cell.
Observation 2 [UE-RS reception]: Rel-10 provides a framework for reliable UE-RS reception at victim cell UE (e.g. pico cell UE) in presence of dominant interferers (e.g. macro cell eNodeB). This can be done as follows:

· Scheduling victim cell UEs during low interference subframes (ABS/MBSFN) transmissions of the aggressor cell.

· Alternatively, via Rel-8 ICIC (RNTP signalling), PDSCH/UE-RS signals from aggressor cell is transmitted with power below a pre-specified threshold on certain PRBs, thereby ensuring that PDSCH at victim cell UEs are received reliably. 

Summary: From Observations 1 and 2, our view is that the Rel-10 reference signals can be received reliably at victim cell UEs in presence of dominant interferers.
3. Cell-Specific Reference Signal Collisions with Dominant Interferer

This section outlines our views on addressing cell-specific reference signal (CRS) collision of aggressor cell with either PDSCH or CRS transmission of the victim cell. 
3.1. CRS of Dominant Interferer Collides with CRS of Victim Cell

When the physical-layer cell identity (PCI) of the aggressor cell (s) has the same value (modulo 6) as the PCI of the victim cell, a victim cell UE may experience dominant interference on its CRS arising from CRS transmissions of the aggressor cell. 
Observation 3: Victim cell UE (e.g. range extended PUE) can be configured to operate in transmission mode 9. Hence, such UEs can measure their channels on CSI-RS and UE-RS rather than the potentially interfered CRS.

If a UE configured with resource-restricted RSRQ measurement in Rel-10, its RSSI is averaged over all OFDM symbols (rather than averaged only over the OFDM symbols containing reference symbols for antenna port 0) during the subframes corresponding to the indicated resources for RSRQ measurement. This ensures that the estimated RSRQ is not underestimated due to CRS transmissions from aggressor cell during ABS.  

Observation 4: Through resource-restricted RLM/RRM and averaging RSSI over all symbols in the subframes indicated by the restricted resources, Rel-10 enables accurate RSRQ measurement in spite of CRS interference from aggressor cell.
3.2. CRS of Dominant Interferer Collides with PDSCH of Victim Cell

If CRS of dominant interferer and the victim cell are not transmitted in identical resource element locations, then the CRS corresponding to the dominant interferer collides with PDSCH of the victim cell even during protected subframes (an exception is when the ABS transmission of the dominant interferer occurs in an MBSFN subframe in which case CRS is transmitted only in the non-MBSFN region). To avoid undesirable CRS interference on PDSCH, the victim cell rate-matches PDSCH around the locations corresponding to the CRS of the aggressor cell (as shown in Figure 2). Such a muting scheme is applicable for both FDD and TDD scenarios. For FDD, additional subframe-level time-shifting can avoid mutual interference between broadcast and acquisition channel signals transmitted from victim cell and aggressor eNodeB transmissions.
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Figure 2: Zero-power PDSCH transmitted from victim cell enables victim cell UE avoid CRS interference from dominant interferer. For FDD, as shown above, subframe shifting of one layer (viz. pico layer) with respect to the other layer (viz. macro layer) ensures collision avoidance between broadcast and acquisition channel signals from respective layers.
Proposal 1: Zero-power PDSCH (PDSCH RE muting) is supported so that PDSCH of serving cell is rate-matched around CRS positions of a set of neighboring cell (s).
Proposal 2: Zero-power PDSCH configuration (potentially v-shift, subframe offset and periodicity) is signalled via higher-layer.

4. Broadcast and Sync. Channel Collisions with Dominant Interferer

The broadcast channel signal (PBCH) is carried slot 1 (OFDM symbols 0, 1, 2 and 3) during subframe 0. The PBCH payload (1920 bits for normal cyclic prefix transmission) is transmitted across four consecutive radio frames starting in each radio frame satisfying
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. For FDD, the primary synchronization channel signal (PSS) is mapped to the last OFDM symbol in slots 0 and 10, while the secondary synchronization channel signal (SSS) is mapped to symbol 5 in slots 0 and 10. For TDD, the PSS is mapped to the third OFDM symbol in subframes 1 and 6, while the SSS is mapped to the last OFDM symbol in slot 1 during subframes 0 and 5.  Finally, paging information is carried on DL-SCH on subframes {0} /{0,5}/{0, 4, 5, 9} for FDD and on subframes {0} /{0,1} / {0,1,5,6} for TDD.
In FDD, collision between PBCH/PSS/SSS/paging transmissions of the aggressor cell and the victim cell can be avoided by introducing subframe offsets of 3 subframes of one layer (e.g. pico cell layer) with respect to the other (e.g. macro cell layer).

In TDD, even though the subframes 0 and 5 may be configured as ABS, such subframes will carry the PBCH/PSS/SSS signals. Note that time-shifting solutions as deployed in FDD cannot be used for TDD due to the time-synchronized eNodeB transmissions in TDD het-nets. We identify three alternatives for collision avoidance of broadcast and acquisition channel signals:

Alt 1: The transmitted signals of one layer (e.g. pico cell layer) can be offset in frequency by six RBs (72 subcarriers) with respect to the interfering layer (e.g. macro cell layer). This requires that the system bandwidth of the carrier-shifted layer is at least 3 MHz (15 RBs).

Alt2: The PBCH signals are self-decodable viz. PBCH in a given radio frame i can be decoded independently of the PBCH signals in radio frame
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. Therefore, in every group of four radio frames, PBCH in a given radio frame may be transmitted at lower power from the aggressor layer so that the victim layer UE can decode their PBCH during the corresponding radio frame. By coordinating the occurrence of low interference PBCH radio frames over X2-backhaul, the victim cell can ensure that its cell-edge UEs can demodulate their PBCH/PSS/SSS signals.
Alt3: During handover from a stronger cell to a weaker cell (e.g. via CRE), the stronger cell indicates (via higher-layer signalling) the cell ID, cyclic prefix length, the type of frame structure and broadcast channel information corresponding to the weaker cell. The UE may additionally monitor a set of stronger cell (s) for paging notifications related to the weaker cell. This concept is similar to the concept of cross-carrier scheduling in Rel-10 carrier aggregation.
Proposal 3: Investigate collision avoidance techniques (via air interface enhancements) as highlighted in Alt1 – 3 for addressing dominant interference on PBCH/PSS/SSS/PCH in co-channel het-nets.
5. Evaluation results

We present numerical simulation results based on the parameters as given in Appendix. We assume a 57 cell model (with wrap-around) and 2 pico cell eNodeBs (dropped uniformly randomly) in each cell. All simulation parameters are aligned with [7]. Full buffer traffic model is assumed. CRE bias values are chosen as 0 dB, 5 dB, 10 dB and 15 dB respectively. 
Users are dropped according to a clustered configuration (Configuration 4b) wherein 2/3rd of users (60 UEs per cell) are dropped around hotspots. Path-losses are modelled as per Model 1 [Table A.2.1.1.2-3, 7] which assumes NLOS links. Fast fading is modelled via the 3GPP-SCM model.
5.1. TDM Aspects

Pico cell eNodeBs are assumed to transmit over all subframes, whereas the macro cell eNodeB is assumed to transmit on a fraction of each frame. Four different ABS pattern configurations are considered (0/2/4/6 ABS in each radio frame). All eNodeBs are assumed to be time-synchronized within 1 OFDM symbol. 
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Figure 3: ABS patterns for modelling Rel-10 ICIC (resource-restricted scheduling and CSI measurement).
5.2. Transmission Scheme

All users are scheduled in TM-9 (1 layer per scheduled UE) according to single user (SU) transmission. The CSI reporting for each UE is modeled according to the resource-restricted CSI measurement specified in Rel-10 ICIC. Periodic CSI reporting is assumed with two sets of CSI reporting parameters with each set of reporting parameters corresponding to a CSI feedback linked to a subset of indicated subframes in each radio frame. 
CRS collision on PDSCH is assumed to be handled via air interface enhancement such as zero-power PDSCH configuration (as per Section 3.2). We anticipate that since CRS collision with PDSCH is completely avoided, the cell area throughputs provided in this study are an upper bound to alternative schemes for handling CRS collision (e.g. interference canceling receivers) which will likely be suboptimal due to residual interference.
5.3. Baseline Results (No CRE)

In this section, we report the baseline results (no CRE). Without CRE, a pico cell attachment radio (AR) equaling 36 % is observed. Note than in an earlier contribution [3], the AR for the baseline scenario for the Configuration 4b (clustered UE dropping) equaled 59 %. The lower AR in this contribution is due to the NLOS model adopted in this study. Finally, below each table, we report cell area throughputs in a homogeneous network assuming users are dropped as per Configuration 4b [7].
 

Table 1: System-level Performance without Cell Range Expansion

	% of ABS 
	AR
	MUE cell-edge throughput (bps/Hz)
	PUE cell-edge throughput (bps/Hz)
	Macro cell area throughput (bps/Hz), LPN throughput (bps/Hz)

	0 (no eICIC)
	36 %
	0.0096
	0.0386
	5.5544, 3.9936

	20
	
	0.0071
	0.0658
	6.0972, 4.8899

	40
	
	0.0055
	0.0829
	6.3021, 5.382

	60
	
	0.0037
	0.1004
	6.3228, 5.7025


Reference: Average cell area throughput (homogeneous network, no pico cells) = 1.6991 bps/Hz
Table 2 shows the corresponding system performance when bias values of 5 dB, 10 dB and 15 dB are respectively applied. The corresponding pico cell attachment ratios are equal to 49.1 %, 61.7 % and 73.6 %.   
Summary for Table 2
1. Without Rel-10 ICIC, the cell area throughput for 15 dB bias is equal to 2.683 bps/Hz. This corresponds to a spectral efficiency loss of greater than 100 % relative to the baseline scenario (no CRE and no Rel-10 ICIC).
2.  With Rel-10 ICIC and CRS interference avoidance through air interface enhancement such as zero-power PDSCH on CRS positions of the macro cell eNodeB, the cell area throughput for 15 dB bias equals 5.3948 bps/Hz , which is competitive with respect to the spectral efficiency obtained in the baseline scenario (no CRE and no Rel-10 ICIC).     
                           Table 2: System-level Performance with Cell Range Expansion

	Bias Value
	AR
	% of ABS

	MUE
 cell-edge throughput

(bps/Hz)
	PUE cell-edge throughput (bps/Hz)
	Macro cell area throughput (bps/Hz), LPN throughput (bps/Hz)

	5
	49.1%
	0
	0.0157
	0.0074
	4.791, 3.024

	
	
	20
	0.0121
	0.0369
	5.744, 4.364

	
	
	40
	0.0092
	0.05
	6.0066, 4.9584

	
	
	60
	0.0063
	0.062
	6.0701, 5.3611

	10
	61.7 %
	0
	0.0242
	0
	3.6814, 1.7364

	
	
	20
	0.0189
	0.02
	5.4182, 3.8922

	
	
	40
	0.0144
	0.0293
	5.693, 4.5362

	
	
	60
	0.0097
	0.0358
	5.7342, 4.9518

	15
	73.6 %
	0
	0.0413
	0
	2.683, 0.5508

	
	
	20
	0.0321
	0.0097
	5.1571, 3.4828

	
	
	40
	0.0249
	0.015
	5.3771, 4.107

	
	
	60
	0.0168
	0.019
	5.3948, 4.5388


Reference: Average cell area throughput (homogeneous network, no pico cells) = 1.6991 bps/Hz
Observation 5: System-level performance analysis shows that Rel-10 ICIC provides competitive performance for large-bias values as compared to a baseline case where CRE is not used. Collision between CRS from aggressor cell onto PDSCH of the victim cell can be addressed through air-interface enhancements such as zero-power PDSCH configuration at victim cell.
6. Conclusions

Observation 1: Rel-10 provides a framework for reliable CSI-RS reception at victim cell UE (e.g. pico cell UE) in presence of dominant interferers (e.g. macro cell eNodeB).

Observation 2: Rel-10 provides a framework for reliable UE-RS reception at victim cell UE (e.g. pico cell UE) in presence of dominant interferers (e.g. macro cell eNodeB).

Observation 3: Victim cell UE (e.g. range extended PUE) can be configured to operate in transmission mode 9. Hence, such UEs can measure their channels on CSI-RS and UE-RS – as discussed in previous section – rather than the potentially highly interfered CRS.

Observation 4: Through resource-restricted RLM/RRM and averaging RSSI over all symbols in the subframes indicated by the restricted resources, Rel-10 enables accurate RSRQ measurement in spite of CRS interference from aggressor cell.

Observation 5: System-level performance analysis shows that Rel-10 ICIC provides competitive performance for large-bias values as compared to a baseline case where CRE is not used. Collision between CRS from aggressor cell onto PDSCH of the victim cell can be addressed through air-interface enhancements such as zero-power PDSCH configuration at victim cell.
Based on above observations, we make the following proposals:

Proposal 1: Zero-power PDSCH (PDSCH RE muting) is supported so that PDSCH of serving cell is rate-matched around CRS positions of a set of neighboring cell (s).

Proposal 2: Zero-power PDSCH configuration (potentially v-shift, subframe offset and periodicity) is signalled via higher-layer.

Proposal 3: Investigate collision avoidance techniques (via air interface enhancements) for addressing dominant interference on PBCH/PSS/SSS/PCH in co-channel het-nets.
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Appendix: Simulation assumptions
	Parameter
	Assumption

	Deployment scenario
	Picos randomly overlaid onto 3GPP Case 1 macro-cells

	Number of Pico cells per macro cell
	2

	Cellular layout
	Hexagonal grid, 3 sectors per site, reuse 1

	Channel model
	SCM fast fading

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	UE speeds of interest
	3 km/h

	UE Receiver
	IRC

	Transmission mode
	Transmission mode 9 [CSI-RS-based channel measurement for link adaptation and DM-RS based channel measurement for demodulation].

	CSI reporting
	Resource-Restricted CSI based on Rel-10 ICIC

	CSI feedback delay
	5 ms

	Time-domain resource partitioning pattern in bitmap format (‘1’ in position 0<=X<=9 indicates ABS transmission during subframe number X within that radio frame).
	Option 1: No eICIC

Option 2: 1000010000 (20 % ABS in each radio frame)

Option 3: 1000110001 (40 % ABS in each radio frame)

Option 4: 1100111001 (60 % ABS in each radio frame)

	Handover Bias Values
	0 dB, 5 dB, 10 dB and 15 dB

	Macro eNB antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB

	Macro eNB antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	Macro eNB 3D antenna pattern
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	Pico antenna pattern
	Omni-directional

	Macro eNB noise figure
	5 dB

	Pico noise figure
	5 dB

	UE noise figure
	9 dB

	Macro eNB antenna height
	32m

	UE antenna height
	1.5m

	Macro eNB TX power
	46 dBm

	Pico TX power
	30 dBm

	UE power class
	23dBm

	Macro eNB antenna gain
	14dBi

	Pico antenna gain
	5dBi

	UE Antenna gain
	0 dBi

	Number Pico Tx antennas
	1

	Number Macro eNB Tx antennas
	1

	Number UE Rx antennas
	2

	Placing of new nodes and UEs
	See Table A.2.1.1.2-4 [3]

	Minimum distance between UE and macro
	35 m

	Minimum distance between Pico and macro
	75 m

	Minimum distance between UE and Picos
	10m

	Minimum distance among Picos
	40 m

	Distance-dependent path loss 
	Macro to UE:

L= 128.1+37.6log10(R)

Pico to UE:
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	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [ETSI TR 101 112]

	Shadowing standard deviation
	10 dB

	Shadowing correlation between cells

(Cells including macro cells and new nodes.)
	0.5

macro cells between sectors: 1

	Penetration Loss
	20 dB
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Pattern: 1000110001





Pattern: 1100111001
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Unicast (pattern value = 0)





1 radio frame (10 ms)
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