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1 Introduction
During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. In this contribution we provide a text proposal on performance of multi-carrier based range expansion in UMTS heterogeneous networks to the Technical Report [2]. The proposed text is based on [3] and complements the description captured by the rapporteur in the draft Technical Report [2] and as well as the outcome of email discussion captured in [4].
2
Text Proposal
[-------------------------------------------------TEXT START -----------------------------------------------]
7.2.2.4
Performance of Macro Power Reduction as an LPN Range Expansion Technique
[…]

7.2.2.4.1
Interference Limited System with Full Buffer Traffic
[…]

· Offloading Percentage: The average LPN offloading percentage is calculated as follows:
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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

The offloading factor on Fi, i=1 or 2, is defined as
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Figure XX 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 XX: Cell selection for DC and DF-DC based on Ec/Io.

[…]

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 XX. As shown, DF-DC has slightly higher offloading on F2, but lower on F1, resulting in lower offloading averaged over two carriers.
Table XX: Offloading factors on F1 and F2 as well as the average offloading factors for the cases of 37, 30, and 24 dBm LPN power. (DL Full Buffer Performance with 50% Clustering Dropping, No-indoor UEs)
[image: image4.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%


Comparison of user throughput for various operation modes for the case of 30 dBm LPN power is summarized in Table XY. 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 XZ. 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 Tables XA and XB. We see that in these cases the pure DF-DC gains for the 5th-percentile data rate are smaller.

Table XY: Performance of various operation modes (DL Full Buffer Performance with 30dBm LPNs and 50% Clustering Dropping, No-indoor UEs).
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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 XZ: Gain break-down for each multi-carrier based feature. (DL Full Buffer Performance with 30 dBm LPNs and 50% Clustering Dropping, No-indoor UEs, macro power on F2 reduces by 13 dB)
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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 XA: Gain break-down for each multi-carrier based feature. (DL Full Buffer Performance with 24 dBm LPNs and 50% Clustering Dropping, No-indoor UEs, macro power on F2 reduces by 19 dB)
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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 XB: Gain break-down for each multi-carrier based feature. (DL Full Buffer Performance with 37 dBm LPNs and 50% Clustering Dropping, No-indoor UEs, macro power on F2 reduces by 6 dB)
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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%


7.2.2.4.6
Serving Cell Map
Figure YY 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 YZ. As mentioned earlier, the serving cells for F1 and F2 could be different for DF-DC operation. Observe in Figure YZ 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 YA. The results are tabulated in Table YY. 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 YY: 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 YZ: 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 YA: Two exemplary routes of UE movement for studying the number of serving cell changes along the route.

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

[image: image14.emf]DC w/o RE DC w/RE DF-DC w/RE

Route 1 20 32 49

Route 2 27 32 47


7.2.2.4.7
Summary
[For this section, proposed revisions are highlighted.]

The following conclusions can be drawn from the performance results shown in Sections 7.2.2.4.1 to 7.2.2.4.6
· Compared to a dual carrier HetNet co-channel deployment, range expansion significantly improves the system performance, especially the average UE throughput.

· Further system performance benefit was observed by allowing DF-DC operation in addition to DC-only operation with range expansion. Compared to DC only operation, DF-DC operation improves the system fairness by significantly increasing the 5% UE throughput.

· The impact of loss of DL coverage in a thermal noise limited system was also evaluated. The evaluation used a large percentile of indoor UEs with added Building Penetration Loss (BPL). Even with the indoor UE model, significant system performance gain was observed due to range expansion.
· The number of serving cell changes required for DF-DC is significantly higher compared to DC.
[---------------------------------------------------TEXT END ------------------------------------------------]
2 Conclusion
In this contribution, a TP on the performance of multi-carrier based range expansion in UMTS heterogeneous networks is provided. The proposed text is based on [3] and complements the description captured by the rapporteur in the draft TR [2] and also the outcome of email discussion captured in [4].

Proposal: Include the provided TP in Sections 7.2.2.4 of the TR [2]. 
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