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1. Introduction 
During RAN1 #67 the following agreements were reached [1] and communicated to the RAN WGs 2/3/4 [2]:

· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed

· Detailed signaling is FFS

· Cell detection principles

· Network assistance to simplify UE implementation of cell detection for 9 dB CRE bias

· Higher-layer signaling is utilized to aid the UE

· RAN1 continues discussion about the details of necessary specification changes

· Handling of CRS interference 

· RAN1 recommends RAN4 to consider UE performance requirements for UE Rx based techniques for DL control/data demodulation (PDCCH/PDSCH), UE measurements/reporting for 9 dB CRE bias according to WID for colliding and non-colliding CRS scenarios with ABS configurations

· Information on number of CRS ports of neighbor cell(s) is needed

· Information on which subframes in neighboring cell(s) the CRS is present (e.g. MBSFN configuration) is needed

· FFS the additional need for rate matching around CRS of neighbor cell(s) – also discussed in CoMP WI

In our previous contributions [4] [5] we proposed to provide network assistance to a victim UE for a) reliable detection of weak cells and b) for reliable PDSCH reception in presence of interference from a set of aggressor cell(s). This contribution further presents Texas Instruments’ views on network-aided cell detection principles and the need for rate-matching around the CRS positions of a set of neighboring cells.
2. Cell Detection Principles
We consider a range-extended co-channel scenario, i.e., there is a significant imbalance in receive powers between a high-powered cell (e.g. a macro cell eNodeB) and a low power cell (e.g. a pico cell eNB) at the UE of interest. Initially, an RRC_IDLE UE is likely to access the high-powered source cell (e.g. macro cell eNodeB). Once the RRC state at the UE is RRC_CONNECTED, the high-powered source cell may desire to handover the UE to the weaker low power target cell for load-balancing. However, the primary and secondary synchronization signals of the low power target cell may not be received reliably at the UE of interest because the geometry of the target cell may be considerably smaller than the geometry of the source cell. As a result, the UE cannot reliably detect the reference signals of the target cell, implying the UE cannot reliably perform RSRP/RSRQ measurements for the target cell. 
Consequently, in order to enable the UE to identify the target cell, it is useful for the source cell to assist the UE during its new cell “discovery” process. Our view therefore is that the source (aggressor) cell should transmit the acquisition information of the target (victim) cell – more specifically the physical cell ID, the cyclic prefix length, and the frame structure type – to the victim UE. 
Upon reception of the acquisition information, the UE may choose to skip detecting the PSS/SSS signals of the target cell by assuming that the DL timing of the source cell and target cell are aligned within one cyclic prefix duration. Alternatively, an interference-cancelling UE can first subtract the PSS/SSS signals from the source aggressor cell and there-upon utilize the acquisition information to obtain the DL timing of the weaker target cell. Once the UE delivers its measurement reports and the source cell has configured the range expansion bias, the source cell can prepare the UE for potential handover to the target cell. Similar observations are made in [6].
Additionally, for bias-values of 8 dB and higher, a range-extended UE may not be able to obtain the broadcast information even after handoff is complete due to severe interference from the PBCH of the source cell with the PBCH signal of the target cell. Our view is that the source cell should relay the MIB and SIB-1 of the target cell prior to handoff to the range-extended UE in addition to the acquisition information.
Summarising the above leads to our first proposal:
Proposal 1: During handover from a stronger cell to a weaker cell (e.g. via CRE), the stronger cell indicates (via higher-layer signalling) the PCI, cyclic prefix length, and frame structure type as well as the broadcast channel (MIB) information corresponding to the weaker cell. 
· The PCI, cyclic prefix length, and frame structure type of the target cell can be transmitted by the source cell as part of the MeasObjectEUTRA IE (applicable to handoffs to intra-frequency and inter-frequency E-UTRA cells) which is conveyed as part of the MeasConfig IE within the RRCConnectionReconfiguration message.
· The SIB-1 and MIB can be transmitted as part of the transparent container in the RRCConnectionReconfiguration message during handover to the target (victim) cell.
3. Need for PDSCH Rate-Matching around CRS of Neighbors
This section considers the scenario wherein although Rel. 10 ICIC is applied, the CRS interference from an aggressor cell(s) can result in deteriorated reception of data channels and control channels at a victim cell UE, even though the aggressor cell may not transmit data (e.g. in almost-blank subframes (ABS)). 
In RAN1 #67, it was agreed to specify UE performance requirements for receiver-based schemes mitigating CRS interference from aggressor cell(s) during ABS. It was also agreed that information on the number of CRS antenna port(s) as well as the location of the subframes in which the aggressor cell(s) transmits CRS is needed. We note that knowledge of the above parameters is crucial for implementing either the transmitter-based IC or the receiver-based IC schemes. 
Below sub-sections are organized as follows: First, we motivate the need for transmitter-based schemes in order to mitigate CRS interference at a range-expanded victim UE.  Next, we identify candidate signalling mechanisms through which the network can communicate to the UE the essential parameters for either Tx- or Rx-based interference cancellation.
3.1. Motivation

We identify two motivations for introducing PDSCH muting around CRS of neighboring cells.

First, based on extensive system-level simulation results [4] reproduced below in Table 1, our view is that transmitter-based interference cancelling (Tx-IC) schemes (e.g. PDSCH rate-matching) in general yield higher cell-average and cell-edge throughputs than receiver-based interference cancelling (Rx-IC) schemes. Please see [4] for details on the evaluation; the simulation parameters are given in Section 5. The reason for the superiority is that the Rx-IC schemes are sensitive to phase imperfections (due to co-channel interference) in the estimated channel (over CRS) to the aggressor cell.  
Second, we note that the proposed rate-matching schemes have precedent. For example, during Rel. 10 standardization, it was agreed to introduce PDSCH rate-matching around CSI-RS positions of a set of neighboring cells. Our preference is that the rate-matching parameters be signalled via higher layers, therefore, the configuration of the proposed rate-matching should not have any L1-signaling overhead.
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.

Proposal 2: Adopt a transmitter-based interference-cancelling solution, specifically PDSCH rate-matching around CRS positions [6] of a set of neighbouring cells, as a standardized solution for mitigating CRS interference on ABS. 

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


3.2. Signalling Aspects

We consider two scenarios for configuring either transmitter-based or receiver-based interference cancelling solutions. 
· Scenario 1: As shown in Figure 1, an RRC_CONNECTED UE undergoes handoff from a source (aggressor) cell to a target (victim) cell.

· Scenario 2: As shown in Figure 2, an RRC_CONNECTED UE served by a weaker cell moves from the range-expansion zone of one aggressor cell into the range-expansion zone of another aggressor cell.

[image: image1]
Figure 1: UE undergoes handoff from a source (aggressor) cell to a target (victim) cell

[image: image2]
Figure 2: A UE served by a weak cell experiences interference from a set of changing aggressor cells as a result of its mobility.
In LTE, an RRC_IDLE UE (after cell-selection) infers the number of CRS antenna ports via a process of hypothesis testing during PBCH decoding. Since PBCH decoding is not mandated during new cell identification we prefer that the number of CRS antenna ports of a set of neighboring cells be explicitly signaled to the UE. Additionally, the exact location of the subframes on which CRS interference cancellation occurs should be communicated to the UE following which the UE infers its PDSCH rate-matched positions prior to symbol processing. We envisage that the interference cancellation parameters are signaled to the UE via a higher-layer parameter X.  

Proposal 3: The higher-layer parameter X carries the following information:

· The physical cell IDs corresponding to a set of neighboring cells.

· The number of CRS antenna ports corresponding to a set of neighboring cells. 

· A bitmap conveying the location of the subframes in which the CRS interference from neighboring cells is cancelled.
Next, we discuss further details regarding the mechanism through which the RRC delivery occurs. We can identify two mechanisms for signaling X:

Proposal 4: The higher-layer parameter can be signaled (via higher layers) according to one of the following possibilities:

· Alt-1 [Applied to Scenario 1]:  X is signaled by the source cell to the UE prior to the handover to a target cell.
· Alt-2 [Applied to Scenario 2]:  X is signaled by the source cell to the UE. Here the source cell updates (re-configures) the parameter X.
Per Alt-1 the source (aggressor) cell may deliver the message X as part of a transparent RRC container in the RRCConnectionReconfiguration message during handover to the target cell (victim). Note that the network is aware of successful RRC delivery upon reception of the RRCConnectionReconfigurationComplete message.

Per Alt-2, there is a potential chicken-and-egg problem in that the RRC message carrying X itself may be subject to dominant interference and hence may not be guaranteed to be reliably received at the victim UE. One way to avoid occurrences of outages during RRC delivery is to schedule the RRC delivery of X during MBSFN subframes of the neighboring cell(s); however, this requires the knowledge of the MBSFN configuration of neighbors at the source cell. Additionally, the scheduling of the RRC message may either require transmission at a higher CCE aggregation level (in legacy PDCCH region) or alternatively, transmission in the ePDCCH.

Finally, we note that both Alt-1 and Alt-2 are not mutually exclusive; even if Alt-1 is used for initial configuration of Tx-based rate-matching (during handoff), any additional reconfiguration of the rate-matching configuration – after successful handoff – is performed via Alt-2.

4. Conclusions
Proposal 1: During handover from a stronger cell to a weaker cell (e.g. via CRE), the stronger cell indicates (via higher-layer signalling) the PCI, cyclic prefix length, and frame structure type as well as the broadcast channel (MIB) information corresponding to the weaker cell. 
· The PCI, cyclic prefix length, and frame structure type of the target cell can be transmitted by the source cell as part of the MeasObjectEUTRA IE (applicable to handoffs to intra-frequency and inter-frequency E-UTRA cells) which is conveyed as part of the MeasConfig IE within the RRCConnectionReconfiguration message.
· The SIB-1 and MIB can be transmitted as part of the transparent container in the RRCConnectionReconfiguration message during handover to the target (victim) cell.
Proposal 2: Adopt a transmitter-based interference-cancelling solution, specifically PDSCH rate-matching around CRS positions [6] of a set of neighbouring cells, as a standardized solution for mitigating CRS interference on ABS. 

Proposal 3: The higher-layer parameter X carries the following information:

· The physical cell IDs corresponding to a set of neighboring cells.

· The number of CRS antenna ports corresponding to a set of neighboring cells. 

· A bitmap conveying the location of the subframes in which the CRS interference from neighboring cells is cancelled.

Proposal 4: The higher-layer parameter can be signaled (via higher layers) according to one of the following possibilities:

· Alt-1 [Applied to Scenario 1]:  X is signaled by the source cell to the UE prior to the handover to a target cell.

· Alt-2 [Applied to Scenario 2]:  X is signaled by the source cell to the UE. Here the source cell updates (re-configures) the parameter X.
5. Appendix – Simulation Parameters (based on [3])
	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 modelling
	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 subframe 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
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