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1. Introduction

In this contribution we discuss various aspects related to the Rel-11 WI on Further Enhanced Non-CA Based ICIC for LTE [1]. In particular, we address aspects related to further TDM eICIC performance for scenarios where the ITU Urban Macro and Urban Micro path loss path loss models are assumed. The presented eICIC performance results are in line with simulation assumptions in [2]-[3]. In the hotspot scenario with outdoor UEs, the results show gains of eICIC of 32% and 8% in 5%-ile and 50%-ile UE throughput, respectively. The gain is further increased if UEs are located indoor (NLOS links), with uniform distribution, or the pico-eNB transmit power is lowered to 24 dBm.
The rest of the contribution is organized as follows: In Section 2 we outline the simulation methodology and assumptions, while the corresponding performance results are presented in Section 3. Concluding remarks are summarized in Section 4.

2. Simulation methodology
Co-channel macro + pico scenario 4b as defined in [2] is simulated. A quasi-dynamic system level simulator is used, including explicit simulation of major RRM algorithms. Mainly the downlink is simulated. For scenarios with TDM eICIC enabled, we assume a perfectly synchronized network, where all macro eNBs use the same ABS muting pattern. 

In our system level simulator, the simulation resolution is one subframe (time-step) and one subcarrier (freq domain resolution). Assuming 2x2 MIMO, the CRS overhead is approximately 9%, and thus corresponds to average power level of roughly -10 dB, as compared to normal transmission. Thus, we basically adopt Alternative 2 from [3].

Serving cell selection is based on RSRP UE measurements. However, for Pico cells, an additional range extension (RE) offset is applied to further increase the offload from macro to pico for cases where this is possible. Pico-UEs are configured to report separate CSI for subframes where macro transmits ABS and normal subframes, respectively. Other main simulation parameters are summarized in Table 1.
As compared to our previous eICIC performance results reported in [4] for the standard 3GPP HetNet scenario according [2], we here use the ITU Urban Macro (UMa) and Urban Micro (UMi) for macro and pico links respectively. As the name indicates, the UMi model is developed for micro cell installations, assuming antenna height of 10 meters (but still being below rooftop level). Secondly, according to the ITU guidelines, eNB Tx power @ 10 MHz is 41 dBm for micro. However, in this study we use the UMi model for pico nodes, assuming 30 dBm transmit power, while still assuming the 10 meters antenna height and the defined probabilities for experiencing line-of-sight (LOS) as agreed in [3]. However, it should be noted that this is probably not corresponding to typical site installation of lower power pico eNBs, where the antenna height in many cases are likely to be lower, say mounted on lamp posts at e.g. 5 meters as assumed for the standard 3GPP macro+pico scenarios in [2].

Performance results are reported for cases where all users are assumed outdoor, as well as cases where all users are assumed indoor. Indoor users naturally experience always NLOS conditions as both macro and pico eNBs are placed outdoor.

Table 1: Summary of default simulation assumptions.

	Parameter
	Setting

	Network Layout
	500m macro-layer Inter-Site Distance with 4 pico-eNBs per macro-cell

	Cell layout
	7 macro-sites (21 macro-cells), wrap-around

	Total number of UEs in the network
	630

	UE placement
	2/3 UEs inside the hotspots; the remaining UEs are uniformly distributed within the macro-cell area.

	Transmit power
	Macro-eNB: 46 dBm; pico-eNB: 30 dBm

	Sub-frame duration
	1 ms (11 data plus 3 control symbols )

	Modulation and coding schemes
	QPSK (1/5 to 3/4), 16-QAM (2/5 to 5/6), 64-QAM (3/5 to 9/10)

	1st transmission block error rate target
	10%

	HARQ modelling
	Ideal chase combining with maximum 4 transmissions

	Bandwidth
	10 MHz at 2000 MHz frequency

	MIMO & Receiver assumption
	2 x 2 with rank adaptation and MMSE-IRC receiver
Pico UE full CRS interference cancellation assumed from macro ABS

	Antenna gain
	Macro: 17 dBi; pico: 5 dBi; UE: 0 dBi

	Antenna pattern
	Macro: 3D [2], 12° down-tilting; Pico and UE: Omni

	Traffic model
	Full buffer, full load

	eNB packet scheduling
	Proportional Fair (PF)

	ABS muting ratio
	Same for all macro-eNBs, 0/8 to 6/8

	Path Loss
	UMi
	LOS
	PL = 22.0log10(d) + 28.0 + 20log10(fc); 10 m < d1 < d’BP; Shadow fading STD: ( = 3

	
	
	
	PL = 40log10(d1) + 7.8 – 18log10(h’BS) –18log10(h’UT) + 2log10(fc); d’BP < d1 < 5000 m; ( = 3

	
	
	NLOS
	PL = 36.7log10(d) + 22.7 + 26log10(fc); 10 m < d < 2 000 m; ( = 4

	
	UMa
	LOS
	PL = 22.0log10(d) + 28.0 + 20log10(fc); 10 m < d < d’BP; ( = 4
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	NLOS
	PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS) + (43.42 – 3.1 log10 (hBS)) (log10 (d)-3) + 20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97);
10 m < d < 5 000 m; ( = 6


3. Simulation results
In the following we present various TDM eICIC performance results. First, results are presented for cases with outdoor users, followed by cases with indoor users. The performance between the ITU UMa+UMi model and the 3GPP HetNet model is compared and summarized in the end.
Pico-layer association ratio in different scenarios:

The results in Fig. 1 shows the percentage of users connected to pico eNBs versus the assumed range extension (RE) offset for the picos. Results are presented for cases with hotspot and uniform UE distribution, as well as for cases where with the standard 3GPP HetNet scenario definition for macro+pico cases [2]. It is clearly observed from these figures that when all UEs are outdoor, the pico association ratio is significantly higher for the cases with ITU UMa and UMi, as compared to the standard 3GPP HetNet scenario. The higher pico association ratio is mainly contributed by the following factors:

· The pico eNB antenna height is higher for the ITU case, meaning better path loss conditions.
· The LOS probability for pico UEs is relative high, with approximately 60% LOS probability @ 40 meters distance (corresponding to radius of hotspot area).

The higher pico association ratio for the ITU cases also means that the relative increase in connected pico-UEs decrease slows as a function of the RE offset. When UEs are indoor, they have only NLOS links to both macro and pico-eNBs, and the association ratio is significantly reduced and is close to the ratio with the 3GPP model. 
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Fig. 1: Percentage of UE served by picos versus the RE offset for case with hotspot and uniform UE distribution.

Performance with outdoor users:

The 5%-ile and 50%-ile UE throughput performance for scenario 4b (hotspot) is reported in Fig. 2 for cases with/without eICIC enabled. For cases without eICIC (i.e. no ABS at macro), results are presented for 0 dB and 3 dB RE..The RE of 3 dB is chosen to improve the system performance without leading to control channel problems especially for high mobility UEs. However, with eICIC enabled, we find that best performance is achieved by using 10 dB RE and ABS on 3 out of 8 subframes at the macro eNBs – thus the setting assumed for the reported eICIC results in Fig. 2.In the 5%-ile UE throughput, the gain of using 3 dB RE over the reference case with no RE, no eICIC is 15%. Combining RE and eICIC achieves the highest gain of 32% over the reference case. In terms of 50%-ile UE throughput, the gain is much lower, which is 1.5% and 8% for the case without / with eICIC, respectively.
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Fig. 2: 5%-ile and 50%-ile UE throughput with different RE and eICIC options in scenario 4b (hotspot); outdoor UEs

With uniform UE distribution, the pico-layer association ratio is lower. The performance after deploying the pico-layer is worse than the case with hotspot UE distribution. However, the gain of RE and eICIC is increased. As shown in Fig. 3, RE offers 25% gain in 5%-ile UE throughput and 10% gain in 50%-ile UE throughput. The eICIC gain equals 53% and 25% in 5%-ile and 50%-ile UE throughput, respectively.
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Fig. 3: 5%-ile and 50%-ile UE throughput with different RE and eICIC options in scenario 1 (uniform); outdoor UEs

Fig. 4 summarizes the performance when pico-eNBs are transmitting at a lower power of 24 dBm, instead of 30 dBm as in previous cases (note that eNB class is defined for 24 dBm in 3GPP TS36.104). In this situation, the pico-eNBs have lower offloading capability due to the low signal strength. As a consequence, higher gain is expected by using RE. Meanwhile, the impact of macro-interference on the pico-layer performance is more significant, and hence avoiding the macro-interference by using TDM eICIC achieves higher gain as compared to the case with higher pico-eNB transmit power.
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Fig. 4: 5%-ile and 50%-ile UE throughput with different RE and eICIC options in scenario 4b (hotspot); outdoor UEs, 24dBm pico tx power.
Performance with indoor users:

When all UEs are indoor, the pico-layer association ratio is reduced, as the UEs have only NLOS links to both macro and pico-eNBs. The benefit of adding the pico-layer (without RE or eICIC) is reduced. As shown in Fig. 5, the 5%-ile UE throughput is only 0.57Mbps by adding the pico-layer, which is much lower than the case with outdoor UEs (1.19Mbps). The 50%-ile UE throughput is also halved. On the other hand, the gain of eICIC with RE is much higher. From Fig. 5 we can see that 3 dB RE offers 43% gain and 19% gain in 5%-ile and 50%-ile UE throughput, respectively. These values further increase to 75% and 46%, when eICIC is also applied.
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Fig. 5: 5%-ile and 50%-ile UE throughput with different RE and eICIC options in scenario 4b (hotspot); indoor UEs

If the indoor UEs are also uniformly distributed, the performance is in general lower than the case with hotspot UE distribution. This trend is also experienced by outdoor UEs. However, for the indoor UEs, the gain of RE and eICIC in 5%-ile UE throughput is similar for both uniform and hotspot UE distribution. This differs from the case of outdoor UEs, where the RE and eICIC gain becomes higher with uniform distribution.
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Fig. 6: 5%-ile and 50%-ile UE throughput with different RE and eICIC options in scenario 1 (uniform); indoor UEs

Comparisons between ITU UMa+UMi scenario and 3GPP standard HetNet scenario:
Table 2 summarizes the performance gain over the reference case with no RE or eICIC, in both the UMa + UMi scenario and the standard 3GPP HetNet scenario. The gains in the 3GPP scenario are extracted based on the results presented in our previous contribution [4]. Table 2 clearly shows that with the UMa + UMi path loss model, the relative gain of using RE and TDM eICIC is much lower with the 3GPP HetNet model. This is because of the fact that with UMa + UMi model, the pico-layer association ratio is already very high even without using RE.

Table 2: Gain of RE and TDM eICIC in different scenarios.
	
	
	
	Gain in 5%-ile UE throughput
	Gain in 50%-ile UE throughput

	
	
	
	RE=3dB, no eICIC
	RE and eICIC
	RE=3dB, no eICIC
	RE and eICIC

	ITU UMa + UMi scenario
	Outdoor UEs
	hotspot
	15%
	32% (RE=10dB, 3/8 ABS)
	1.5%
	8%

	
	
	uniform
	25%


	53% (RE=12dB, 3/8 ABS)
	10%
	25%

	
	
	hotspot, 24dBm
	28%
	72% (RE=12dB, 3/8 ABS)
	6%
	25%

	
	Indoor UEs
	Hotspot
	43%
	75% (RE=10dB, 3/8 ABS)
	19%
	46%

	
	
	Uniform
	37%
	87%
	29%
	74%

	3GPP HetNet scenario
	Outdoor or Indoor
	hotspot
	36%
	82% (RE=14dB, 4/8 ABS)
	25%
	76%

	
	
	uniform
	22%
	78% (RE=16dB, 4/8 ABS)
	20%
	79%

	
	
	Hotspot, 24dBm
	31%
	107% (RE=18dB, 4/8 ABS)
	24%
	124%


4. Concluding remarks

In this contribution we have presented extensive TDM eICIC performance results for co-channel macro+pico scenarios, assuming 4 picos per macro cell area. The performance results are obtained with ITU UMa and UMi, which essential corresponds to assuming 10 meters antenna height for the picos. Based on the presented results, the main observations are summarized as follows:

· The default ITU UMa + UMi model with all users outdoor shows lower gain of RE and/or eICIC than the 3GPP scenario, due to the fact that pico-layer association ratio is already high, even without RE.

· The gain of using eICIC becomes more significant for cases where users are assumed indoor. Mainly because the users will then experience NLOS conditions, meaning lower pico association ratio for cases without eICIC.

· In both ITU UMa + UMi model and the 3GPP model, the gain of RE and eICIC is increased if the pico-eNB transmit power is lowered from 30 dBm to 24 dBm. The case with 24 dBm is relevant as base station class is defined for this case, i.e. see 3GPP TS 36.104.
· With the ITU UMa + UMi model, the gain of RE and eICIC is also affected by the UE distribution, whereas this is not that obvious with the 3GPP model.
In conclusion, our results also show gains of eICIC with ITU UMa and UMi models. In fact, the eICIC gains is on the same order of magnitude for the scenario with ITU models and the 3GPP model when all UEs are considered as indoor, thereby having only NLOS links to both macro and pico eNBs.
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