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1 Introduction
In this contribution, evaluation results for both dual-cell (DC) and dual-frequency dual-cell (DF-DC) operations in UMTS heterogeneous networks are presented. We consider a co-channel deployment scenario in which both the macro and LPN cells share the spectrum of two HSPA carriers, F1 and F2. Note that the difference between DC and DF-DC is that the serving cell is the same for DC on both carriers, whereas for DF-DC the serving cell can be independently determined for each carrier. Our evaluation complies with the simulation assumptions specified in [1]. The optional parameters used in our study are specified explicitly in the discussion below. 
The performance of the following operations are evaluated and compared.

1. DC operation in a macro-only network

2. DC operation in a heterogeneous network

3. DC operation in a heterogeneous network with further LPN cell range expansion by lowering macro transmit power on F2

4. DF-DC operation in a heterogeneous network with further LPN cell range expansion by lowering macro transmit power on F2
2 Simulation assumptions
The heterogeneous network under study consists of 21 macro cells and 4 LPNs per macro cell. In all cases, we use a CIO of 3 dB to bias cell selection toward LPNs. In some cases, further LPN cell range expansion is achieved by reducing the macro transmit power on F2, as described in [2]. Furthermore, the full buffer traffic model is assumed and the UE distribution is assumed hot-spot. The performance evaluation is based on 16 UEs per macro cell. The scheduler used in our study is a proportional-fair scheduler. The table below lists the other parameters used in the system simulations. In simulation results, we provide mean, median, and 5th-percentile user data rate gain as well as percentage of offloading.
Table 1: System level simulation parameters.
	Parameters
	Values and comments

	Cell Layout
	21 cell hexagonal (7 NodeB sites, 3 sectors per Node B site with wrap-around)

	Inter-site distance
	500 m



	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

LPN: L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
	3GPP ant (2D ant):                                                     
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            = 70 degrees,     Am = 20 dB

LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Maximum Tx Power of BS
	Macro Node: 43dBm

LPN: 37 dBm, 30 dBm, 24 dBm

	Max BS Antenna Gain
	Macro cell: 14dBi

LP cell: 5 dBi

	Max UE Antenna Gain
	0dBi

	CIO
	3 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH

-Total available power for HS-PDSCH is 80% of Node B Tx power

HS-PDSCH HARQ: Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	Number of HARQ processes
	6

	Total overhead power
	20%

	UE Receiver
	Type 3i 

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5 dB 

R1b (reporting range constant) = 4.5 dB 

	Traffic model
	Full buffer traffic

	Total number of users
	16

	User dropping criteria
	hot spot

	Number of LPNs
	 4

	LPN drop criteria
	Random with uniform distribution


3 Serving cell selection
For DC, carriers F1 and F2 share the same serving cell, and in this case the serving cell is determined based on the carrier that has the highest cell selection metric. For DF-DC, the serving cell is independently determined, and thus F1 and F2 may have different serving cells.
In our simulations, the serving cell selection is based on Ec/Io. Figure 1 illustrates cell selection for the case of DC and DF-DC, respectively, when the macro base station transmit power is reduced on F2. The border Z is the cell order when the macro power is the same on F1 and F2. As seen, by reducing the macro power on F2, the cell border for the LPN is extended from Z to Y for DC. This is possible since F2 has higher Ec/Io compared to F1 due to less interference. The cell borders for DF-DC are however different on F1 and F2, since the serving cell is determined independently for each carrier. The cell border on F1 for DF-DC is identical to the case without range expansion, i.e. border Z; however the cell border for F2 is extended all the way to border X. Comparing DF-DC with DC, DF-DC loses offloading area A on F1 to the LPN, but gains offloading area B to the LPN on F2. However, we find that area A is typically greater than area B, thus as a result, DF-DC has lower average offloading compared to DC.
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Figure 1: Cell selection for DC and DF-DC based on Ec/Io.

Figure 2 illustrates areas A and B (shaded in red color) for the case of 30 dBm maximum LPN power, a layout of 21-cell macro and 4 LPNs per macro cell and with path loss and shadowing modeling implemented according to [1]. The macro sites are colored in green and the LPN sites are colored in blue. We see that area A is larger than area B. In section 4, the exact offloading factors on F1, F2, and on average are given.
      Area A (red shaded areas)


         Area B (red shaded areas)
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Figure 2: Illustration of areas A and B in figure 1. (21 macro cell, 4 LPNs per macro cell, and 30 dBm max LPN power) Area A: DF-DC loses offloading on F1 compared to DC. Area B: DF-DC gains offloading on F2 compared to DC. The green and blue squares represent macro and LPN sites, respectively.

Figure 3 illustrates the serving cell map for DC, with the different serving cell IDs represented by different colors. Both carriers share the same serving cell. As seen, the case with range expansion seems to increase the chances of serving cell change along any particular route. Similar serving cell maps for DF-DC with 13 dB range expansion are shown in Figure 4. As mentioned earlier, the serving cells for F1 and F2 could be different for DF-DC operation. Observe in Figure 4 that for DF-DC, the chance of serving cell change on F2 is even higher than DC with range expansion. To illustrate this, we count the number of serving cell changes along two exemplary routes shown in Figure 5. The results are tabulated in Table 2. It can be seen that the number of serving cell changes required for DF-DC is significantly higher compared to DC.

   DC without range expansion

    DC with 13 dB range expansion
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Figure 3: Serving cell maps for DC (same on F1 and F2). 21 macro cell, 4 LPNs per macro cell, and 30 dBm max LPN power, 3 dB CIO. The 13 dB range expansion for the plot on the right is achieved by reducing the macro transmit power on F2 by 13 dB.
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Figure 4: Serving cell maps for DF-DC (different on F1 and F2). 21 macro cell, 4 LPNs per macro cell, and 30 dBm max LPN power, 3 dB CIO. The 13 dB range expansion for the plot on the right is achieved by reducing the macro transmit power on F2 by 13 dB.
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Figure 5: Two exemplary routes of UE movement for studying the number of serving cell changes along the route.

Table 2: Number of serving cell changes along the two exemplary routes.

[image: image9.emf]DC w/o RE DC w/RE DF-DC w/RE

Route 1 20 32 49

Route 2 27 32 47


Observation 1: The number of serving cell changes required for DF-DC is significantly higher compared to DC.

4 Offloading and user throughput
The offloading factors on F1 and F2 as well as the average offloading factors for the cases of 37, 30, and 24 dBm LPN power are tabulated in Table 3. The offloading factor on Fi, i=1 or 2, is defined as
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The average offloading factor is defined according to [3], 
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where,

LF1 is the number of radio links associated with LPNs in frequency F1

LF2 is the number of radio links associated with LPNs in frequency F2

MF1 is the number of radio links associated with macro cells in frequency F1

MF2 is the number of radio links associated with macro cells in frequency F2.
As shown, DF-DC has slightly higher offloading on F2, but lower on F1, resulting in lower offloading averaged over two carriers.
Using the same definition as the one used in [2], i.e. offloading defined as at least one of the carriers has an LPN as the serving cell, we get the offloading numbers shown in Table 4. In our view, such a definition of offloading does not account for the possibility of losing substantial offloading on one of the carriers.
Observation 2: DF-DC has slightly higher offloading on F2, but lower on F1, resulting in lower offloading averaged over two carriers.

Proposal 1: Average offloading factors as well as offloading factors on individual carriers shall be used as offloading metrics for multi-carrier scenarios. 
Table 3: Offloading factors on F1 and F2 as well as the average offloading factors for the cases of 37, 30, and 24 dBm LPN power. (hot-spot UE distribution)
[image: image12.emf]LPN Power = 37 dBm F1 F2 average

DC with 6 dB range expansion 65.0% 65.0% 65.0%

DF-DC with 6 dB range expansion 51.6% 71.1% 61.4%

LPN Power = 30 dBm F1 F2 average

DC with 13 dB range expansion 70.0% 70.0% 70.0%

DF-DC with 13 dB range expansion 39.5% 77.6% 58.6%

LPN Power = 24 dBm F1 F2 average

DC with 19 dB range expansion 73.7% 73.7% 73.7%

DF-DC with 19 dB range expansion 35.4% 80.5% 58.0%


Table 4: Offloading according to the same definition used in [2]. (30 dBm LPN power)
[image: image13.emf]LPN Power = 30 dBm E///

DC w/o range expansion 38.5%

DC with 13 dB range expansion 70.0%

DF-DC with 13 dB range expansion 77.6%


Comparison of user throughput for various operation modes for the case of 30 dBm LPN power is summarized in Table 5. We see that although all the operation modes with LPNs improve performance substantially compared to the macro-only case, some feature gives higher gains than the others. This is shown in Table 6. Here, the pure range expansion gain is the relative gain achieving by reducing the macro transmit power on F2 compared to the case where the macro transmit power on F1 and F2 is the same. Furthermore, the pure DF-DC gain is the relative gain achieved by allowing the serving cell to be independently determined for each carrier compared to DC when the serving cells for both carriers should be the same. As we see, DF-DC does not improve mean and median user throughout compared to DC. It does improve the 5th-percentile data rate.
Results for the case of 24 dBm and 37 dBm when the macro transmit power is reduced by 19 and 6 dB, respectively, are shown in Table 7 and Table 8. We see that in these cases the pure DF-DC gains for the 5th-percentile data rate are smaller.
Observation 3: Pure DF-DC gains relative to DC with the same deployment scenario and range expansion setting are small for mean and median user data rate.
Observation 4: Pure DF-DC gain relative to DC with the same deployment scenario and range expansion setting is approximately 23% for the 30 dBm LPN case, and smaller for 24 dBm and 37 dBm LPN cases.
Thus, DF-DC is seen mainly to improve cell edge user throughput. There are however many scheduling features that are capable of improving cell-edge user data rate by simply adjusting the fairness metric.  Furthermore, as illustrated earlier, DF-DC requires more serving cell changes compared to DC. This is an important factor to be taken into account. Thus, the usefulness of DF-DC as a feature for improving cell-edge user data rate should be carefully considered accounting for other similar techniques as well as the aspect of serving cell changes.
Proposal 2: The simulation results presented in this section are captured in the technical report of the study item.

Proposal 3: The merit and potential issues of DF-DC are captured in the technical report of the study item.

Table 5: Performance of various operation modes (30 dBm LPN power).
[image: image14.emf]LPN Power = 30 dBm Mean Median 5%
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(Mbps)

gain throughput

(Mbps)

gain throughput

(Mbps)

gain

Macro-only 0.786 0.672 0.134

Macro+LPN: DC without RE 2.483 216% 1.518 126% 0.300 124%

Macro+LPN: DC with 13 dB RE 3.110 296% 2.344 249% 0.446 234%

Macro+LPN: DF-DC with 13 dB RE 3.143 300% 2.291 241% 0.550 312%


Table 6: Gain break-down for each multi-carrier based feature. (30 dBm LPN power, macro power on F2 reduces by 13 dB)

[image: image15.emf]Gain from LPN 

deployment

Pure RE gain Pure DF-DC gain

Mean Throughput 216% 25.3% 1.1%

Median Throughput 126% 54.4% -2.3%

5th-percentile Throughput 124% 49% 23.3%


Table 7: Gain break-down for each multi-carrier based feature. (24 dBm LPN power, macro power on F2 reduces by 19 dB)
[image: image16.emf]Gain from LPN 

deployment

Pure RE gain Pure DF-DC gain

Mean Throughput 210% 40.7% -0.7%

Median Throughput 123% 77.8% -0.3%

5th-percentile Throughput 109% 66.6% 17.6%


Table 8: Gain break-down for each multi-carrier based feature. (37 dBm LPN power, macro power on F2 reduces by 6 dB)
[image: image17.emf]Gain from LPN 

deployment

Pure RE gain Pure DF-DC gain

Mean Throughput 270% 8% 0.6%

Median Throughput 177% 19% -2.5%

5th-percentile Throughput 156% 23% 10.6%


5 Conclusion
In this contribution, we evaluate the performance of DC and DF-DC in macro-only and heterogeneous networks. In addition to using the CIO setting, further LPN range expansion can be achieved by reducing the macro transmit power on the second carrier. We find that DC has higher offloading factors than DF-DC averaged over two carriers. Also, we find that DF-DC does not improve mean and median user throughout compared to DC with the same heterogeneous network deployment parameters. DF-DC does improve the 5th-percentile data rate. However, it requires more serving cell changes compared to DC. This is an important factor to be taken into account. In our view, there are many scheduling alternatives that are capable of improving cell-edge user data rate by simply adjusting the fairness metric.  Thus, the usefulness of DF-DC as a feature for improving cell-edge user data rate should be carefully considered accounting for other similar techniques as well as the aspect of serving cell changes.

The observations below can be made based on the discussion of this contribution.
Observation 1: The number of serving cell changes required for DF-DC is significantly higher compared to DC.

Observation 2: DF-DC has slightly higher offloading on F2, but lower on F1, resulting in lower offloading averaged over two carriers.

Observation 3: Pure DF-DC gains relative to DC with the same deployment scenario and range expansion setting are small for mean and median user data rate.

Observation 4: Pure DF-DC gain relative to DC with the same deployment scenario and range expansion setting is approximately 23% for the 30 dBm LPN case, and smaller for 24 dBm and 37 dBm LPN cases.
We would like to make the proposals below.

Proposal 1: Average offloading factors as well as offloading factors on individual carriers shall be used as offloading metrics for multi-carrier scenarios.
Proposal 2: The simulation results presented in this section are captured in the technical report of the study item.

Proposal 3: The merit and potential issues of DF-DC are captured in the technical report of the study item.
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