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1 Introduction

At the previous meeting (RAN1#62bis), some observations were made on cell range expansion (CRE). To evaluate the throughput performance of CRE with TDM scheme in outdoor Pico scenarios, system simulation results are captured in this contribution, based on some realistic simulation assumptions, such as hotspot scenarios (Configuration 4b), bursty traffic model, ABS scheme, resource specific CSI feedback scheme, interference due to macro CRS and so on. 

Section 2 will show the simulation modelling and assumptions. Section 3 presents the system performance. The observations and conclusions could be found in Section 4.
2 Simulation Methodology and Assumptions
We consider the following deployment scenario:
· 3GPP case1, 4 Pico per one macro cell, 2X2 antenna, 10MHz bandwidth for both Macro and Pico cells.  Specifically the placing of Picos and UEs is according to:
· Configuration 4b (1/3 UEs are macro UE, 2/3 UEs are Pico UEs) (As hotspot is a more reasonable scenarios for Pico deployment).
Bursty buffer model is used in system throughput evaluation, and the parameters of FTP models 2 are aligned with “Table A.2.1.3.1-2 FTP Traffic Model 2” in 3GPP36.814 [1].
· Different UE numbers were simulated to model different offered loads.
· To simulate the different data requirement of Pico UEs and Macro UEs, different offered loads are allocated to Pico UEs and Macro UEs, respectively. As in real-life hot-spot scenarios, such as coffee-bar, it’s reasonable for Pico users to have higher requirements for data-downloading than Macro users.  The different offered load allocations among Pico UEs and Macro UEs were achieved by assuming different Mean Reading Times for Pico UEs and Macro UEs (since the ratio of Pico UEs to Macro UEs is fixed to be 2:1); see Table 4 in Appendix.
Agreed ABS/TDM mechanism is also adopted in conjunction with CRE in this contribution.
The simulation assumptions on measurement and scheduling that are related to ABS/TDM/CRE include:

· 
CRS interference modelling: With increased CRE value, the strong interference due to Macro-CRS would deteriorate the performance of Pico UEs which are offloaded from macro cell by CRE and scheduled in the macro-ABS. In our simulation, the negative impact due to Macro-CRS interference on PDSCH BLER performance is modelled based on the link level performance results as provided in R1-103458.

· Furthermore, to resolve Macro-CRS interference issue, an interference mitigation scheme (Pico resource-element (RE) muting) is also evaluated.
· Note that if almost MBSFN subframe (ABS is also configured as MBSFN subframe) is used as TDM scheme, the performance might be further improved due to the absence of interference from CRS in PDSCH region.
· ABS configuration: to limit the negative impact on victim cell, it is assumed that the subframe containing Paging/SIB channels would not be configured as ABS. That is, the interference from aggressor cell only consists of CRS REs. Otherwise, the additional interference from the PCFICH/PDCCH used to schedule Paging/SIB messages would significantly degrade victim UE’s performance so that the ABS in Macro cell would not benefit the Pico cell transmission [3].  
· Resource-specific CSI measurement and scheduling: Resource specific CSI measurement and report are assumed [4]. Otherwise the performance of Pico UEs would be intolerable due to very inaccurate CQI feedback [3].
Additional simulation assumptions are summarized in the Appendix.
3 Simulation Results

We evaluate downlink performances with/without CRS interference mitigation separately, as the following schemes
· Scheme1: Baseline, homogeneous networks only

· Scheme2: Macro-Pico scenario without CRE/TDM resource partitioning 
· Scheme3: Macro-Pico scenario with CRE and TDM resource partitioning. 9dB and 16dB CRE bias values are used, and the proportion of macro ABS is configured as1/2. The interference from Macro CRS is modelled without any interference mitigation scheme.
· Scheme4: The interference mitigation schemes – Pico RE-muting is introduced to reduce the impacts of macro CRS interference, by which the Pico UE assumes no valid data transmission in the resource elements interfered by Macro’s CRS. Other assumptions, such as the TDM and CRE schemes are aligned with Scheme3.
The performance metrics of burst-buffer models are aligned with the latest TR36.814, including:

· User perceived throughput (UPT)[2]: amount of data (file size) / time needed to download data
For bursty buffer traffic model evaluations, UPT is the key metric to evaluate the radio link end user experience.  The PHY-layer throughput statistic (served cell throughput) does not reflect the real end UE experience and may only be used as a reference.
· Valid resource-remaining ratio (VRRR): the fraction of remaining valid, usable resources.  

VRRR_macro = (remaining usable resource) / (total resource) = (total resource – used-resource for data – ABS resource) / (total resource).
VRRR_pico = (remaining usable resource) / (total resource) = (total resource – used-resource for data) / (total resource).

VRRR is to capture the remaining resource that is usable for data transmission, which may be viewed as an indicator of the stability of network according to the traditional bursty buffer traffic evaluation methodology [2]. Generally, 50% VRRR is deemed as a stable status of the network, and too low VRRR may lead a large latency of RLC packet transmission and lots of RLC packet droping because there is not enough resource for data transmission.
In these simulations, different traffic loads per cell are captured to evaluate the UPT or VRRR in scheme1/2/3/4. For detailed information on the traffic model assumptions, refer to Table 4 in Appendix.
Firstly the results for low/median traffic loads are presented in Table 1. In this case, the UE numbers per macro area were changed to model different offered load.
Table 1. Downlink bursty buffer evaluation results with low traffic load
	Offered Load (Mbps):9.6, 12 UE per macro area

	
	Scheme1

Macro-only
	Scheme2

0 dB CRE bias
	Scheme3 (CRS intf)
9 dB CRE bias


	Scheme4

(RE-muting)

9 dB CRE bias
	Scheme3

(CRS intf)

16 dB CRE bias
	Scheme4

(RE-muting)

16 dB CRE bias

	Mean UPT(Mbps)
	18.35
	28.63
	23.61
	26.12
	25.07
	27.60

	5%UPT(Mbps)
	5.93
	19.70
	3.16
	14.87
	2.15
	15.56

	50%UPT(Mbps)
	17.39
	30.08
	30.08
	30.08
	30.08
	30.08

	95%UPT(Mbps)
	30.08
	30.08
	30.53
	30.77
	30.08
	30.08

	VRRR_macro
	55.92%
	88.87%
	43.97%
	44.16%
	47.19%
	47.33%

	VRRR_pico
	-
	95.28%
	79.08%
	93.76%
	72.84%
	93.15%

	

	Offered Load (Mbps): 19.2, 24 UE per macro area

	Mean UPT(Mbps)
	7.36
	26.63
	22.02
	24.86
	20.46
	25.92

	5%UPT(Mbps)
	1.48
	14.87
	2.87
	10.55
	1.16
	14.18

	50%UPT(Mbps)
	5.30
	30.08
	26.85
	29.63
	25.16
	30.08

	95%UPT(Mbps)
	21.28
	30.08
	30.77
	31.01
	30.30
	30.77

	VRRR_macro
	9.41%
	72.07%
	36.64%
	37.43%
	42.57%
	43.16%

	VRRR_pico
	-
	90.09%
	69.32%
	87.83%
	53.47%
	85.81%

	

	Offered Load (Mbps): 28.8, 36 UE per macro area

	Mean UPT(Mbps)
	3.34
	24.00
	18.10
	23.11
	17.18
	24.52

	5%UPT(Mbps)
	0.80
	10.23
	1.74
	7.80
	1.02
	10.93

	50%UPT(Mbps)
	2.21
	27.21
	17.39
	26.14
	15.63
	28.57

	95%UPT(Mbps)
	9.71
	30.08
	30.53
	31.01
	30.30
	31.01

	VRRR_macro
	1.67%
	59.14%
	30.91%
	30.30%
	38.11%
	38.91%

	VRRR_pico
	-
	84.31%
	49.37%
	80.72%
	38.06%
	78.54%


Observations from these results that:
· Compared with Scheme 1 (Macro-only), the introduction of Pico (scheme 2) could significantly off-load the traffic from Macro cell, and hence greatly improve the user perceived throughput, especially for the case with high network traffic-load. 
· Taking CRS interference into consideration of the TDM/ABS scheme (Scheme 3), when no CRS interference mitigation scheme is adopted, the performance of UPT degrades dramatically with the increase of CRE bias, especially the cell edge throughputs are very low.
· When Pico RE-muting is introduced to mitigate the interference from Macro-CRS (Scheme 4), Pico UE throughput performance and VRRR performance would be improved significantly compared with Scheme3 in low traffic load scenarios.

· Compared to Scheme2 (no CRE) in low traffic load scenarios, Scheme 4 is comparable to or slightly worse than Scheme 2 (no CRE) with different RE bias, but with much improved Pico VRRR performance.
Next we focus on the high traffic load cases. With high traffic load, it is a typical scenario that most UEs with high data-downloading requirements would be located in hot spots and served by Pico cells. Limiting the offered load of the UEs in hotspot to be the same as that of the Macro-cell-edge UE is not a reasonable evaluation model. Accordingly, we try to evaluate both the uniform offered load scenario (i.e. Pico UEs and Macro UEs have the same offered load) and non-uniform offered load scenario (i.e. Pico UEs and Macro UEs have different offered loads) with different parameters (i.e. different File Sizes or different Mean Reading Times), to provide a thorough understanding of the Hetnet performance with bursty buffer traffic. The corresponding results are shown in Table 2, with the Pico User data-requirements one times, twice, or triple of that of Macro User.  Since Pico RE-muting (Scheme4) leads to better throughput/VRRR performance than Scheme3, only Scheme4 is considered.
Table 2. Downlink bursty buffer evaluation results with high traffic load
	Macro cell UE Offered Load (Mbps):12.8, 48 UE per macro area, Macro-Pico scenarios

	Traffic load
	Pico UE offered load (Mbps) 25.6
	Pico UE offered load (Mbps) 51.2
	Pico UE offered load (Mbps) 76.8

	
	Scheme2

0 dB CRE bias
	Scheme4

(RE-muting)

16 dB CRE bias
	Scheme2

0 dB CRE bias
	Scheme4

(RE-muting)

16 dB CRE bias
	Scheme2

0 dB CRE bias
	Scheme4

(RE-muting)

16 dB CRE bias

	Mean UPT (Mbps)
	21.13
	22.95
	15.45
	15.72
	12.04
	10.85

	5%UPT
(Mbps)
	6.98
	9.37
	4.00
	4.90
	3.01
	3.08

	50%UPT
(Mbps)
	22.35
	25.00
	13.00
	14.18
	9.64
	8.57

	95%UP
T(Mbps)
	30.08
	30.77
	30.08
	30.08
	29.63
	28.57

	VRRR_macro
	41.44%
	34.32%
	22.10%
	28.57%
	18.20%
	29.17%

	VRRR_pico
	76.90%
	69.96%
	39.54%
	27.23%
	21.25%
	9.45%


Based on the above results, some observations could be made for the high traffic load scenarios:
· With the same traffic offered load of Macro user and Pico user, some limited throughput performance gain at cell-edge can be observed from the large CRE bias with Pico RE muting, but negligible Mean UPT gain.
· Considering the more typical scenario in which the traffic load requirement of Pico hotspot UE is higher than Macro UEs, the throughput gain of CRE bias would vanish since Pico cell is already serving the hot-spot UE with high offered load and no further capability to offload traffic from Macro. 
4 Observations and conclusion
In this contribution, CRE with different bias values is analyzed to identify the throughput benefits with bursty buffer models and TDM/ABS scheme in Macro-Pico scenarios. Based on the analysis and evaluation results, following observations can be reached:
· In the hotspot Macro-Pico scenarios, the benefit of large CRE bias is not justified in both end-to-end throughput gain and the valid resource remaining in Macro and Pico cells, for low and high traffic load.
· With the CRS interference modelling, the end user throughput is very low with large CRE bias.

· In case of large CRE configuration, the CRS inference can be mitigated effectively by Pico RE-muting. Even with the improved performance due to Pico RE-muting, there is no obvious gain of large CRE bias over small CRE bias for both low-load scenario and high-load hotspot scenarios.
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Appendix
 Table 3. Downlink data simulation assumptions of Macro-Pico scenario

	Parameters
	Assumption

	Scenario
	Case1, 2GHz carrier frequency, 500m ISD, 10MHz BW, speed 3km/h

	Deployment 
	Macro Cell:

46dBm TX power, 19 X 3 homogeneous network, 10MHz bandwidth.

Pico:

30dBm TX power, 4 Picos per Macro Cell. Min distance between Pico and Macro is 75m; Min distance between Picos is 40m
UE:

Configuration 4b: 1/3 UEs per macro cell, randomly and uniformly dropped in Macro area
2/3 UEs dropped around Pico cell.

	Bandwidth (MHz)
	Macro 10MHz, Pico 10MHz, the bandwidth overlapped with each other.

	Path-loss model
	Model 2 ( Referring to the Table A.2.1.1.2-3 in TR36.814)

	Antenna configuration
	Macro Cell:

2TX, Directional (3-sector), 14dBi antenna gain
Pico:

2TX, Omni-directional, 5dBi antenna gain

UE:

2RX, Omni-directional, 0dBi antenna gain

	Cell selection
	RSRP (for no CRE cases), or RSRP with cell-common RE bias (for CRE cases)

	Scheduler
	PF


Table 4. Simulation assumptions of bursty traffic models

	Parameters
	Assumption

	Traffic models
	FTP traffic model 2 in 3GPP 36.814 [3]

	File Size, S
	0.5 Mbytes, or higher for Pico UEs in high load scenarios

	Reading Time, D
	Exponential Distribution, Mean= 5 seconds
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 λ = 0.2, or higher λ for Pico UEs in high load scenarios

	Number of users, K
	Variable (to simulate different offered load in networks)

	Offered load (Mbps)
	8 *λ* K * S 
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