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1. Introduction
During RAN1 #62bis [1], studies on benefits of cell range expansion (CRE) for large bias values were inconclusive. Contributions [4] - [14] have shown questionable gains with large bias applied to CRE schemes. CRE performs best when applied with small-to-moderate RE bias (typically below 6 dB), providing significant cell-splitting gains relative to macro-only deployments, and without incurring any control performance degradation. On the other hand, [15] – [18] have shown gains with large-bias CRE. Chairman’s notes [1] captured the following:

· CRE gives gains at least for low to moderate cell association bias values

· In the absence of CRS interference, studies are split on usefulness of large bias values

· Already available techniques (in Rel-8/9) to help optimise the gains from CRE include:

· selection of appropriate number of pico eNBs

· macro eNB power setting 

· subframe offset (FDD)

· data channel ICIC

· MBSFN subframes

· Agreed ABS /TDM mechanism works well in conjunction with CRE without further impact on physical layer

· Suggestions for further techniques that could be beneficial:

· IC (at least CRS; also consider PBCH/PSS/SSS/SIB1) at the UE 

· transmit side RE muting 

· Semi-static indication of PCFICH value

This contribution further evaluates CRE performance. We present system simulation results of each cell selection scheme, with and without the baseline “enhanced” interference coordination scheme (time division multiplexed muting subframes, denoted as TDM). In our previous contribution [3], we considered small-to-moderate numbers (2 & 4 TDM subframes) of coordinated subframes in each radio frame. To reflect the (rather intuitive) notion that the network will provide a greater proportion of coordinated subframes with the number of offloaded pico cell UES, this contribution evaluates CRE performance up to 6 and 9 TDM subframes. 
Notation: We use the following abbreviations: Any UE served by the macro cell eNodeB is referred to as a “MUE”. The term “PUE” refers to a UE which is RRC connected to a pico cell eNodeB. The term “victim” PUE refers to any PUE experiencing dominant interference from a macro cell eNodeB. The term “Control Channel Coverage Hole Probability” (CCCH probability) refers to the fraction of UEs for which the long-term (average) downlink SINR falls below the SINR threshold for successful PDCCH reception.

2. Background: Cell Range Expansion and TDM
Cell Range Expansion (CRE): 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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according to the rule given as
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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. 
The following sections evaluate the performance of CRE scheme versus RSRP scheme (no CRE) considering two scenarios. In the first scenario, no interference coordination is assumed between eNodeBs and therefore no TDM is employed. The second scenario assumes TDM interference coordination. We evaluate the resulting CCCH probability, the cell-edge UE throughputs and the cell-area throughputs.
This contribution assumes that only victim PUEs – whose SINRs are below a SINRThreshold – are scheduled during TDM muted subframes. The parameter SINRThreshold = -3.8 dB corresponds to the required threshold SINR for a 1 % BLER for the control channel reception at a CCE-8 aggregation level [21]-[23]. Finally, if a pico cell eNodeB serves K PUEs and if f is the fraction of TDM subframes in each radio frame, then at least round(K x f) number of PUEs are scheduled (round-robin) during TDM subframes. 

3. Simulation Results
We present numerical simulation results based on the parameters as given in Appendix (Section 6). 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 [20]. Full buffer traffic model is assumed. CRE bias values are chosen as 0 dB and 15 dB respectively. Two UE dropping scenarios are considered namely:
1. Uniform random dropping of 25 UEs in each cell (Configuration 1) as given in Table A.2.1.1.2-4.

2. Clustered configuration (Configuration 4) wherein 2/3rd of users (60 UEs per cell) are dropped around hotspots.

3.1. 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 TDM configurations are considered (no muting/4 TDM subframes/6 TDM subframes/9 TDM subframes). All eNodeBs are assumed to be time-synchronized within 1 OFDM symbol. No CRS interference is modelled on PDSCH region of PUEs during TDM muted subframes. Our results can be taken as an upper bound for the true data throughputs obtained from TDM.  We show the pico cell attachment ratios – as a fraction of the total number of UEs in the system – and throughput metrics (normalized over the system bandwidth) such as the cell-edge UE throughputs per layer and the cell area throughputs. 
3.2. Uniformly Located Users (Configuration 1, 25 UEs/cell)

Observations (Table 1)

1. For a fixed number of muted subframes, RSRP + TDM scheme (shown in orange) performs consistently better than CRE with large bias. For example, with 9 muted subframes, there is about 4.5 % degradation for large bias CRE scheme relative to RSRP + TDM scheme in terms of cell area throughput.

2. Control channel performance of RSRP + TDM scheme is uniformly good in all cases.
Table 1: Uniform Random UE distribution, 2 pico cell eNodeBs/sector. Percentages gains for CRE (in the last column) are relative to RSRP scheme with the same number of TDM subframes.
	Set-up

(X, Y, Z)

X=Cell-selection

Y = Bias value

Z = # muted subframes
	Attachment Ratio
	MUE
 cell-edge throughput

(bps/Hz)
	PUE cell-edge throughput (bps/Hz)
	PUE CCCH probability
	Macro cell area throughput (bps/Hz)

	Homogeneous
	N/A
	0.001
	N/A
	N/A
	1.28

	RSRP, TDM0
	0.26
	0.0123
	0.08
	0.009
	3.84

	RSRP, TDM4
	
	0.0074
	0.138
	0.002
	4.54

	RSRP, TDM6
	
	0.0049
	0.1687
	0.001
	5.07

	RSRP, TDM9
	
	0.001
	0.1751
	0.001
	5.36

	CRE, 15 dB, TDM0
	0.5
	0.0186
	0.0073
	0.41
	3.01 (-21.6 %)

	CRE, 15 dB , TDM4
	
	0.0112
	0.0371
	0.01
	4.18 (-7.94%)

	CRE , 15 dB, TDM6
	
	0.0074
	0.0492
	0.01
	4.63 (-8.7 %)

	CRE, 15 dB, TDM9
	
	0.0018
	0.0597
	0.01
	5.13 (-4.3%)


3.3. Clustered Users (Configuration 4b, 60 UEs/cell)
Observations (Table 2)

1. Similar trends as the previous section apply. There is about 4.5 % degradation for large bias CRE scheme relative to RSRP + TDM scheme in terms of cell area throughput.
Table 2: Clustered UE configuration, 2 pico cell eNodeBs/cell. Percentages gains for CRE (in the last column) are relative to RSRP scheme with the same number of TDM subframes.
	Set-up

(X, Y, Z)

X=Cell-selection

Y = Bias value

Z = # muted subframes
	Attachment Ratio
	MUE cell-edge throughput

(bps/Hz)
	PUE cell-edge throughput (bps/Hz)
	PUE CCCH probability
	Macro cell area throughput (bps/Hz)

	Homogeneous
	N/A
	0.0041
	N/A
	N/A
	1.25

	RSRP, TDM0
	0.59
	0.0094
	0.025
	0.003
	4.61

	RSRP, TDM4
	
	0.0056
	0.0431
	0
	5.74

	RSRP, TDM6
	
	0.0037
	0.045
	0
	6.14

	RSRP, TDM9
	
	0.0009
	0.045
	0
	6.40

	CRE, 15 dB, TDM0
	0.81


	0.0211
	0.0029
	0.2
	4.17 (-9.5 %)

	CRE, 15 dB , TDM4
	
	0.0126
	0.022
	0.002
	5.42 (-5.6 %)

	CRE , 15 dB, TDM6
	
	0.0084
	0.0268
	0.002
	5.85 (-4.7 %)

	CRE, 15 dB, TDM9
	
	0.0021
	0.03
	0.002
	6.17 (-3.6 %)


4. Conclusions

This contribution has further evaluated the gains obtained using CRE and TDM partitioning in co-channel macro-pico deployment scenarios. Overall, the RSRP+TDM scheme performs quite satisfactorily in terms of different throughput metrics, and provides significant cell-splitting gains.  Unlike large-bias CRE, Rel-8/9 RSRP scheme (or CRE with low-to-moderate bias) works as is, and provides significant cell-splitting gains [4]-[18]. Further, such a scheme ensures UE offloading commensurate with increasing number of pico cells, for example, up to 59 % UE offloading with 2 pico cell eNodeBs/cell. 
Proposal: Rel-8/9 schemes perform quite satisfactorily and can be further optimized by application of TDM muting. We conclude that there is no further standardization needed for cell range expansion.
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6. Appendix: Simulation Parameters
	Simulation Parameter
	Description/Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	10 MHz (50 RBs)

	Number of macro cells
	57 cells with wrap-around

	Number of pico cells
	2 pico cell eNodeBs per sector

	Number of users
	25/60 users/cell

	UE dropping methodology
	Configuration 1 (uniform random dropping).

Configuration 4b (clustered dropping, up to 40 UEs dropped around each hotzone cell).

See Table A.2.1.1.2-4 [20]

	Cell range expansion bias  
	0 dB and 15 dB

	Maximum hotzone eNodeB transmit power
	30 dBm

	Maximum macro cell eNodeB transmit power
	46 dBm

	Path loss model
	Model 2 (refer Table A.2.1.1.2-3, [20])

	Channel model
	TU channel with SINR to spectral efficiency mapping defined in Tables A.1 and A.2 in [19]

	Min. distance between hotzone eNodeBs
	40 meters


7. Appendix: Attachment Ratios
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Figure 2: Attachment ratios with different CRE bias values (30 dB pico cell transmit power).
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