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1. Introduction

At the RAN1 #67 meeting in San Francisco, U.S.A. it was agreed to further study the need for rate matching around CRS of neighbouring cell(s) [1]. Consequently, this topic has been on the agenda of each RAN1 meeting ever since [2]-[5] though only very limited meeting time was provided for discussion and no agreements have been reached [6]. 
Concurrently, significant progress was made in other work items, e.g., the enhanced control channel (ePDCCH) and CoMP work items [7], as well as in other areas of the eICIC work item where numerous LSs were sent to RAN2 regarding higher-layer signalling details for Rel. 11 in support of eICIC [8]-[10]. 

In this contribution, we first review the aforementioned agreements in other agenda items and then discuss their impact on the specification of a transmitter-based solution for eICIC.
2. Release 11 agreements related to a transmitter-based solution for eICIC
2.1. Needed information
For the receiver-based solutions, it was agreed to provide assistance information via higher-layer signalling. In particular, the following will be provided [8]:
· List of cell ID(s)

· Parameters for each cell in the list of cell ID(s):

· Number of CRS ports

· Subframes containing CRS in the data region (e.g. the cell MBSFN configuration)
Consequently, the only additional parameter needed to facilitate rate matching around CRS of neighbor cells as a complementary solution to interference-canceling receivers is a 1-bit field which indicates whether or not PDSCH rate matching is configured. Alternatively, a 10-bit field which indicates whether or not PDSCH rate matching is enabled or disabled during PDSCH transmissions to the UE for each sub-frame of a radio frame could be specified.
2.2. Implementation impact 
At the previous meeting in Prague, Czech Republic the following was agreed for DL CoMP [7] :
· Provide signaling to indicate the CRS position of at least one cell from which PDSCH transmission may occur
· Signaling identifies at least the frequency shift

· FFS for number of CRS antenna ports

· FFS for MBSFN subframes
· If the signaling is transmitted, PDSCH follows the Rel-10 rate-matching around the indicated CRS of a single cell; otherwise, the UE assumes the CRS positions of the serving cell
· FFS until RAN1#70 whether the signaling can also indicate up to 3 cells around whose combined CRS patterns the PDSCH is rate-matched.
In other words, irrespectively of the nature of the provided signaling, if the signaling is transmitted, the PDSCH follows Rel. 10 rate matching around the indicated CRS. Thus, the additional implementation for an eNodeB/UE capable of supporting CoMP and eICIC is limited to the implementation of a single new field in the IE which provides the signaling information in Section 2.1. 
2.3. RAN4 impact 
PDSCH rate matching around reference signals is not a novel technique and has been standardized in prior releases of LTE. Furthermore, as a well-established transmitter-side scheme it guarantees homogenous performance across different UE implementations. PDSCH rate matching hence does not impose a significant burden on RAN4 in order to specify this concept as an interference mitigation technique for large CRE biases.
2.4. Control channel and system information
The enhancements to the physical downlink control channel in Rel. 11 [7] as well as the agreements on system information acquisition in heterogeneous networks employing cell range expansion with large biases [9]-[10] are equally applicable to receiver- and transmitter-based interference handling solutions. The ePDCCH, for instance, was especially designed to advance existing intercell interference cancelation techniques for heterogeneous networks. Similarly, the eNB signaling solutions envisioned for the eICIC WI to aid acquisition of MIB/SIB-1 contents in the presence of dominant interferers with 9dB bias—provided to the victim UE by the aggressor cell during handover from the aggressor to the victim cell or by the victim cell using higher layer signaling in the protected resources, respectively—benefit a transmitter-based solution as well.
2.5. Performance aspects

Based on extensive system-level simulation results summarized in Appendix 6, our view is that transmitter-based interference cancelling schemes in general yield higher cell-average and cell-edge throughputs than receiver-based interference cancelling schemes. This has been extensively discussed in RAN1 and we hence only provide the simulations assumptions in Appendix 5 and refer to our contribution [11] for the details.

3. Need for rate matching around CRS of neighbour cells
It has been argued that the concurrent specification of both receiver-based and transmitter-based solutions to mitigate interference in deployments with large CRE biases leads to an increased implementation burden. With the assumptions and agreements surveyed in Section 2 this seems not to be the case anymore. Independent of future agreements for the FFS parts in Section 2.2—on which a transmitter-based eICIC solution would not rely since the RRC signaling for CoMP is independent of the already agreed upon RRC signaling for receiver-based solutions in [8]—all prerequisites to specify a transmitter-based interference mitigation technique with limited implementation impact seem to be fulfilled. 
Since only a subset of all UEs will have advanced interference cancellation capabilities and will be able to benefit from large CRE biases, we thus propose that a network-assisted interference mitigation scheme such as transmitter-based rate matching be adopted in Rel. 11 in addition to the agreed-upon receiver-based interference cancellation schemes.

4. Conclusion

Observation 1: The assistance information provided via higher-layer signalling that is needed for the purpose of aiding CRS interference mitigation is the same for receiver-based and transmitter-based solutions.
Observation 2: Rate matching schemes have precedent. PDSCH rate matching around neighbor cell reference signals was introduced in Rel. 10 for CSI-RS and was agreed for CRS in Rel. 11.
Observation 3: Due to the precedence of rate matching in Rel. 10 a transmitter-based interference-cancelling solution is foreseen to have only limited RAN4 impact.

Observation 4: The working assumptions and agreements for network assistance simplifying UE implementation of cell detection for 9 dB CRE bias as well as those for the design of an enhanced control channel providing frequency-domain ICIC capabilities are equally applicable and beneficial to receiver-based and transmitter-based solutions.
Observation 5: Based on our simulation results transmitter-based interference cancelling schemes in general yield higher cell-average and cell-edge throughputs than receiver-based interference cancelling schemes.
Based on these observations, we propose to:

Proposal 1: Adopt a transmitter-based interference-cancelling solution, specifically PDSCH rate matching around CRS positions of a set of neighbouring cells, as a standardized solution for mitigating CRS interference on ABS.
Proposal 2: Send an LS to ask RAN2 to provide a signalling mechanism which indicates to a UE whether or not PDSCH rate matching is configured.
5. Appendix A — Simulation Parameters
	Parameter
	Assumption

	Antennas
	2 TX (Macro), 2 TX  (Pico), 2 RX (UE)

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

	UE Placement
	Configuration 4b

	Number of Pico cells per macro cell
	4

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

	Channel model
	ITU path loss model (ITU urban macro from macro cell eNB to all UEs, ITU urban micro from pico cell eNB to all UEs.

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	UE speeds of interest
	3 km/h

	CRS modeling
	Macro cell eNBs: Planned cell ID layout.

Pico cell eNBs: Random cell ID selection

	Transmission mode
	Transmission mode 9 [UE-specific reference signals for demodulation and CSI reference signals for link adaptation.

	UE Receivers
	1. MMSE Option 1

2. IC receiver cancelling strongest interferer

	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 sub-frame number X within that radio frame).
	Option 1: 1000010000 (20 % ABS in each radio frame)

Option 2: 1000110001 (40 % ABS in each radio frame)

Option 3: 1100111001 (60 % ABS in each radio frame)

Option 4: 1110111101 (80 % ABS in each radio frame)

	Handover Bias Values
	6 dB, 8 dB, 10 dB and 12 dB

	UE noise figure
	9 dB

	Macro eNB TX power
	46 dBm

	Pico TX power
	30 dBm

	Macro eNB antenna gain
	14dBi

	Pico antenna gain
	5dBi

	UE Antenna gain
	0 dBi

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

	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 
	Please refer to relevant sections in [TR 36.819].

	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


6. Appendix B — Simulation Results
Table 1: Cell-Area Throughputs (4 pico cell eNB/sector) for different CRE biases and different ABS
	Bias

(dB)
	 % ABS
	Baseline

(bps/Hz)
	Tx-IC1

(bps/Hz)
	Tx-IC2

(bps/Hz)
	Rx-IC (ideal)

(bps/Hz)
	Rx-IC (non-ideal)

(bps/Hz)

	6
	20
	7.81
	7.96
	8.00
	7.97
	7.78

	
	40
	7.90
	8.05
	8.11
	8.07
	7.86 (-3.1 %)

	
	60
	7.89
	8.05
	8.10
	8.07
	7.86

	
	80
	7.80
	7.96
	8.01
	7.98
	7.77

	8
	20
	7.69
	7.89
	7.93
	7.91
	7.69

	
	40
	7.77
	7.96
	8.03
	7.99
	7.75 (-3.4 %)

	
	60
	7.73
	7.93
	8.00
	7.96
	7.72

	
	80
	7.61
	7.82
	7.89
	7.85
	7.61

	10
	20
	7.49
	7.76
	7.82
	7.78
	7.54

	
	40
	7.55
	7.81
	7.89
	7.86
	7.60 (-3.7 %)

	
	60
	7.49
	7.76
	7.85
	7.81
	7.56

	
	80
	7.36
	7.65
	7.73
	7.69
	7.44

	12
	20
	7.33
	7.64
	7.71
	7.68
	7.44

	
	40
	7.37
	7.68
	7.77
	7.75
	7.48 (-3.7 %)

	
	60
	7.28
	7.62
	7.71
	7.68
	7.41

	
	80
	7.14
	7.49
	7.57
	7.55
	7.28
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