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Introduction 

We have illustrated in [1] that cell range expansion (CRE) with adaptive resource partitioning can provide significant DL cell capacity gains under FTP data traffic models and wide range of loading conditions. In [1] CRS was not explicitly modelled. In this contribution, we explicitly model the impact of CRS interference in almost blank subframes and compare the performance of time-adaptive interference management schemes.
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Simulation Assumptions
We consider the following deployment scenarios with 2x2 antenna configuration and a 10MHz system bandwidth:
· Co-channel deployment without resource partitioning (RP), where serving cell association is based on best DL RSRP
· Cell Range Expansion (CRE): Co-channel deployment where increased footprint for low power nodes is enabled and combined with enhanced interference management via resource partitioning among cells. Resource partitioning is time-adaptive and based on the number of UEs served by the cell (as described in [1]), updated every 50ms. The following pico cell DL RSRP bias values are considered:
· 18 dB bias
· 10 dB bias
For the resource partitioning case, the serving cell for each UE is first determined based on the best DL RSRP with a fixed 18 dB or 10dB bias towards the hotzone (low power) cells. In addition, the serving cell is guaranteed to have a geometry of -18dB or higher. Therefore, if after applying the bias, UE geometry is below – 18 dB, UE remains associated with a macro eNB. Once the serving cell is selected, it is fixed and no longer changed. After that, resource partitioning algorithm is performed to coordinate inter-cell interference as described above.

CRS network planning is assumed where all macro cells are using the same CRS offset and all pico cells are using the same CRS offset. CRS to CRS interference between macro and pico cells is avoided through network planning: 
· CRS to CRS interference is modelled between cells of the same power class (macro/macro and pico/pico). CRS to data interference is modelled between cells of different power class (macro/pico).
· Pico UE receiver processing of CRS: The following options and modelling are considered: 
·  (i) Rel8 CRS processing (CRS-R8); 
· No handling of CRS interference in almost blank subframes. CRS interference is modelled as additional AWGN

· (ii) interference cancellation of CRS from macro cells (CRS-IC);

· These technique would eliminate the need to do network planning for collision of RS of different power classes. 

· (iii) puncturing of REs in which macro transmits CRS (CRS-P). 

· Modelled as a code rate increase proportional to the number of punctured code symbols.

In this contribution, we consider configuration  #1 [2]. Both the UEs and the pico cells are randomly dropped. The density of the pico cells is 4 picos/macro cell In particular, the following aspects are considered:

· Scheduling: Proportional fair (PF) scheduling.  

· Vertical Antenna: as defined in the Appendix of TR 36.814 [2], where the electrical antenna downtilt 
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 = 10 degrees, which we believe better reflect realistic deployments.

· Channel Model: NLOS based path loss model.
· Traffic Model: FTP traffic model 1 from [2] (file size of 1 Mbyte is considered to speed up simulation time). 
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Discussion of Numerical Results
In the following, we summarize the simulation results for macro + picos for the following cases. 

(a) No RP : no CRE, R8
(b) Adaptive RP, 18dB CRE, CRS-R8
(c) Adaptive RP, 10dB CRE, CRS-R8
(d) Adaptive RP, 18dB CRE, CRS-IC

(e) Adaptive RP, 18dB CRE, CRS-P

The simulation run time is relatively short (20 seconds), and,  for this reason, even for the case where there are no stability issues, the served throughput results are sometimes slightly lower than targeted offered load. The statistics are collected only after the warm up is completed. In addition, all data transmitted over the air is computed in the cell throughput, while only completed file transfers are counted towards UE throughput. 

Tables 1-5 below summarize for each case (a)-(e), respectively, the user throughput (mean, median and 5%) and  cell throughput under various loading conditions. As pointed out in the tables, when the offered load increases, the user data rate decreases. Therefore, the served throughput increases up to a certain point where it starts to saturate due to the cell capacity limitations. Beyond this point (denoted as “stability” in the tables), the served throughput in the system cannot sustain the offered load and it becomes unstable. 
In order to define system capacity, one cannot simply refer to the case where all resources are utilized. In case of fully utilized systems, the system becomes unstable, as is evidenced by the large difference between served throughput and offered load. Hence the served throughput at the system stability point is the first metric used for capacity comparison. In order to also compare the schemes at the same edge user throughput, we additionally compare the cell throughputs at the point of largest edge user throughput among all the stability points (5% UE throughput =0.83Mbps). The results are summarized in Table 6.   Figure 1 illustrates the cell throughput up to the stability point for each case as a function of edge user throughput. 
Table 1: UE and cell throughput summary –  no RP, no CRE, CRS-R8
	4 Picos, no RP, no CRE, CRS-R8 
	 
	 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	16
	16
	13.95
	10.9
	1.5

	20
	19.4
	10.7
	6.4
	0.8

	24
	22.6
	9
	3.9
	0.7

	Stability
	23.7
	8.37
	3.01
	0.68


Table 2: UE and cell throughput summary – adaptive RP, 18dB CRE, CRS-R8
	4 Picos, adaptive RP, 18dB bias, CRS-R8 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	16
	15.4
	9.1
	5.5
	0.98

	20
	19.6
	7.5
	4
	0.76

	24
	23
	6.7
	3.3
	0.61

	Stability
	23.4
	6.5
	3.1
	0.6


Table 3: UE and cell throughput summary – adaptive RP, 10dB CRE, CRS-R8
	4 Picos, adaptive RP, 10dB bias, CRS-R8 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	16
	15.2
	11.5
	8.4
	1.8

	20
	20
	8.7
	5.2
	0.88

	24
	22.7
	7.6
	3.8
	0.71

	Stability
	25.8
	6.9
	3.08
	0.63


Table 4: UE and cell throughput summary – adaptive RP, 18dB CRE, CRS-IC
	4 Picos, adaptive RP, 18dB bias, CRS-IC 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	20
	20
	12.6
	9.2
	1.9

	24
	24
	10.1
	6.1
	1.3

	28
	26
	8.8
	5.2
	0.96

	32
	30.2
	8.1
	4.4
	0.84

	Stability
	31.1
	7.59
	3.97
	0.79


Table 5: UE and cell throughput summary – adaptive RP, 18dB CRE, CRS-P

	4 Picos, adaptive RP, 18dB bias, CRS-P 
	 

	Offered load
	Served throughput 
	Mean user data rate
	50% user data rate
	5% user data rate 

	Mbps
	Mbps
	Mbps
	Mbps
	Mbps

	20
	20
	10.1
	6.7
	1.36

	24
	22.8
	8.2
	4.5
	0.98

	28
	25.9
	7.7
	4.1
	0.9

	Stability
	28.9
	6.7
	3.55
	0.83


Figure 1: Served cell throughput and edge UE throughput.
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Table 6: Throughput comparison with CRS 

	Capacity gains - Cfg1, NLOS
	 



	Throughput[Mbps] /gain vs no RP
	 4 Picos, no RP, no CRE, CRS-R8 
	 4 Picos, adaptive RP, 18dB bias, CRS-R8 
	 4 Picos, adaptive RP, 10dB bias, CRS-R8 
	 4 Picos, adaptive RP, 18dB bias, CRS-IC 
	 4 Picos, adaptive RP, 18dB bias, CRS-P 

	Max. stable served cell throughput 
	23.69
	23.4
	0.99x
	25.8
	1.09x
	31.13
	1.31x
	28.9
	1.22x

	5% UE throughput (at stability point)
	0.68
	0.6
	0.63
	0.79
	0.83

	Served throughput (at 5% throughput =0.83Mbps)
	18.44
	18.26
	0.99x
	20.79
	1.13x
	30.4
	1.65x
	28.9
	1.57x


Comparing the served cell throughput values at the stability point, one can observe that, compared to no CRE case (case a), no cell capacity gains are achieved for the FTP traffic model if CRE combined only with CRS-R8 (no handling of CRS interference in almost blank subframes) is considered (case b). Indeed, as Figure 1 illustrates, this case exhibits the worse performance overall. Limiting the CRE bias to 10dB (case c) provides limited gains of 9% and 13% at the stability point and 5% user throughput of 0.83Mbps, respectively. 

Significantly higher gains are achieved with receivers explicitly suppressing interference from CRS. For CRE combined with CRS-IC (case d) , the corresponding gains at stability and 5% UE throughput of 0.83Mbps  are 31% and 65%. For CRE combined with CRS-P, the gains are 22% and 57%, respectively.

Proposal 1: CRS interference suppression is necessary to enable gains associated with the cell range expansion and resource partitioning for the macro/pico case.
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Conclusions
In this contribution, we evaluated the impact of CRS interference on DL performance in macro/pico scenario with traffic models for adaptive resource partitioning schemes. We observe that cell range expansion combined with adaptive resource partitioning and CRS interference suppression provides significant gains in sustainable cell throughput and UE experience. Only limited gains are observed if Rel8 CRS processing is assumed, i.e., if no handling of the CRS interference in almost blank subframes is done at the UE.
Proposal 1: CRS interference suppression is necessary to enable gains associated with the cell range expansion and resource partitioning for the macro/pico case.
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