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1 Introduction
At RAN#39, a study item was opened on Dual-Cell HSDPA (DC-HSDPA)[1]. Preliminary simulation results were presented showing gains in full buffer throughputs and burst rates [2]. As part of the study item, simulation assumptions were agreed upon in [3]. In this document, we present the performance gains of DC-HSDPA under these assumptions. 
2 Terminology

As described in [2], in this document, a “cell” will refer to a combination of a carrier and a geographical area. A “Sector” will refer to a geographical area of coverage. A “sector” may refer to one or more cells. 
The following example explains this terminology. Consider the case when we have “8 users per sector”. By this, we mean that there are 8 users in 10 MHz.  We will compare performance when 4 of the users are on each cell (5 MHz) with the performance when all 8 users are capable of receiving data on both cells (10 MHz). We refer to the former as “2x-single cell” (2x-SC HSDPA) case and the latter as the “dual cell” (DC-HSDPA) case. Note that in the 2x-SC HSDPA case, the load is balanced across carriers.
3 Simulation assumptions

In [2], a few options were listed as possibilities for certain parameters. We present simulation results for the options identified in the following table:
	Parameters
	Comments

	Channel Model
	PA3

	UE Receiver Type
	Type 3 (LMMSE with RxD)

	HS-DSCH Power
	Maximum Power = 70% of Node B transmit power

HS-SCCH power decided by a 1% HS-SCCH BLER

HS-DSCH power margin driven by an outer loop (10% BLER after 1st Tx, Max 4 HARQ Transmissions)

	Other Sector Transmit Power
	OCNS = 1 (all other sectors always transmit at full power)

	Fading Across Carriers
	Uncorrelated

	Channel Estimation
	Realistic


4 Gains with full buffer traffic under balanced load
Figure 1 shows the improvement of average user throughput due to dual cell HSDPA as a function of sector throughput. For both 2xSC and DC-HSDPA, we compare the average user throughputs at the same number of users per sector. As we can see, the dual cell gain is more pronounced at low loads. This is because multi-user diversity gain is larger in DC-HSDPA as there are more users to choose from at each scheduling instance. As the load increases, the gains from multi-user diversity and joint scheduling decrease. At 2 users per sector, the gain is around 25%. At 32 users per sector, it is around 7%.

[image: image1]
Figure 1 Average user throughput as a function of sector throughput

Figure 2 shows the CDF of user throughputs for 16 users per sector. We see that the percentage gain for low geometry users is higher than that for high geometry users. Figure 3 shows the CDF of normalized user throughput (fairness curves). We can see that DC HSDPA is fairer than 2xSC-HSDPA.
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Figures 2, 3 User throughput CDF and fairness curve (16 users per sector)
This behaviour can be seen more clearly when we plot user throughput gains as a function of “user percentile”. Essentially, from the CDF of user throughput, we identify the 10%, 20%, …, 90%-ile throughputs from both the 2x-SC and DC-HSDPA curves and compare them.
Figure 4 shows us the user throughput gains as a function of user percentile. At low percentiles (analogous to low geometries), the gains are higher than at high percentiles (high geometries). This is because low geometry users see a higher variation in their proportional fair metric (see Appendix of [2]). Higher geometry users will see a lower variation of this metric, given that they are in more likely to be in the non-linear region of the Shannon curve.
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Figure 4. User throughput gains of DC-HSDPA over 2xSC-HSDPA as a function of user percentile
Figure 5 shows the gain in sector throughput as a function of number of users per sector. Again, as we can see, DC-HSDPA gain is more pronounced at low loads. At 2 users per sector, the gain in sector throughput is 25%. At 32 users per sector, it is 7%.
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Figure 5 Capacity gain from DC HSDPA over 2xSC-HSDPA
5 DC HSDPA gains with bursty traffic

In [2], we had provided analysis and simulation results for burst rates for 2x-SC and DC HSDPA assuming a fixed burst size. In this document, we provide burst rate curves (see [2], [3] for definition) for the traffic model identified in [3], where the burst size follows a truncated log-normal distribution. The inter-burst duration is exponentially distributed with a mean of 20 sec. With this new traffic model, the analysis shown in [3] still applies. Figure 6 shows the distribution of burst sizes.
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Figure 6 Burst Size CDF
Figure 7 shows the CDF of burst rates for the 8 users per sector. Note that there are 8 users in 10 MHz for both 2xSC and DC-HSDPA. We see that there is a ~2x improvement in the burst rates with dual cell HSDPA compared to 2xSC-HSDPA. 
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Figure 7 Burst Rate CDF for 8 users per sector. The blue curve refers to the case when 4 of the users are on each cell (2xSC-HSDPA) while the red curve refers to the case when all 8 users are dual cell capable (DC HSDPA).
Figure 8 shows the number of users that can be supported as a function of the average burst rate per user. As the load increases, we see that the gains from DC HSDPA start to fall, as the queue length begins to increase and begins to resemble full-buffer. Note that the number of users per sector is proportional to the load seen by the scheduler. Please note that other cell powers are set to maximum, so partial loading effects are not seen in Figure 8. If partial loading is explicitly simulated, the burst rates will be much higher.
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Figure 8 Burst rate performance with OCNS=1.
Figure 9 compares the sector throughput at the application layer for DC HSDPA with 2xSC-HSDPA. The application layer throughput is smaller than the physical layer throughput. Since we do not model TCP, the difference between the physical and application layer throughputs is only the header overhead. Relative Comparison between 2xSC-HSDPA and DC-HSDPA is independent of the overhead.

Read in conjunction with Figure 8, we see that while the burst rates have doubled, the sector throughput is the same for both. In other words, the burst is served faster in DC-HSDPA and therefore, there is more idle time in DC-HSDPA than in the 2x-SC HSDPA. As the number of users per sector increases beyond 64, the sector throughput curves will saturate.
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Figure 9. Sector throughput as a function of users per sector
In summary, the simulations show: 

· For a given burst rate, DC HSDPA can support more than twice the number of users compared to 2x-single cell HSDPA at low loads. For instance, at a burst rate of 3.5 Mbps, the number of users supportable with DC HSDPA is more than twice the number that can be supported through 2xSC HSDPA.
· At low to medium loads, for a given number of users, DC HSDPA can provide a doubling of the burst rate compared to 2xSC-HSDPA.
6 Conclusions
We have presented the gains in system performance with DC HSDPA under the new simulation assumption framework.
· For full buffer traffic, we have presented user and sector throughput curves.

· DC HSDPA results in user throughput and sector throughput gains. 
· Low geometry users gain more in terms of throughput than high geometry users. 
· For bursty traffic, we have focused on the “burst rate”, as it is an important indicator of user experience.

· DC HSDPA results in a doubling of burst rates low to medium loads, even after normalizing the number of users per 5 MHz. 
· At low to medium loads, for a given burst rate, DC HSDPA can support more than twice the number of users when compared to 2xSC-HSDPA.
It is proposed to capture these simulation results in the SI TR ‎[4]. The text proposal is included at the end of this document.
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---------------------Text proposal for R1-081690 ----------------------------------

Annex B Simulation Results from Qualcomm
We present simulation results for the options identified in the following table. These results were submitted in R1-081890.
	Parameters
	Comments

	Channel Model
	PA3

	UE Receiver Type
	Type 3 (LMMSE with RxD)

	HS-DSCH Power
	Maximum Power = 70% of Node B transmit power

HS-SCCH power decided by a 1% HS-SCCH BLER

HS-DSCH power margin driven by an outer loop (10% BLER after 1st Tx, Max 4 HARQ Transmissions)

	Other Sector Transmit Power
	OCNS = 1 (all other sectors always transmit at full power)

	Fading Across Carriers
	Uncorrelated

	Channel Estimation
	Realistic


B.1 Gains with full buffer traffic under balanced load

Figure B.1 shows the improvement of average user throughput due to dual cell HSDPA as a function of sector throughput. For both 2xSC and DC-HSDPA, we compare the average user throughputs at the same number of users per sector. As we can see, the dual cell gain is more pronounced at low loads. This is because multi-user diversity gain is larger in DC-HSDPA as there are more users to choose from at each scheduling instance. As the load increases, the gains from multi-user diversity and joint scheduling decrease. At 2 users per sector, the gain is around 25%. At 32 users per sector, it is around 7%.


[image: image10]
Figure B.1 Average user throughput as a function of sector throughput

Figure B.2 shows the CDF of user throughputs for 16 users per sector. We see that the percentage gain for low geometry users is higher than that for high geometry users. Figure B.3 shows the CDF of normalized user throughput (fairness curves). We can see that DC HSDPA is fairer than 2xSC-HSDPA.
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Figures B.2, B.3 User throughput CDF and fairness curve (16 users per sector)
This behaviour can be seen more clearly when we plot user throughput gains as a function of “user percentile”. Essentially, from the CDF of user throughput, we identify the 10%, 20%, …, 90%-ile throughputs from both the 2x-SC and DC-HSDPA curves and compare them.
Figure B.4 shows us the user throughput gains as a function of user percentile. At low percentiles (analogous to low geometries), the gains are higher than at high percentiles (high geometries). This is because low geometry users see a higher variation in their proportional fair metric. Higher geometry users will see a lower variation of this metric, given that they are in more likely to be in the non-linear region of the Shannon curve.
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Figure B.4. User throughput gains of DC-HSDPA over 2xSC-HSDPA as a function of user percentile
Figure B.5 shows the gain in sector throughput as a function of number of users per sector. Again, as we can see, DC-HSDPA gain is more pronounced at low loads. At 2 users per sector, the gain in sector throughput is 25%. At 32 users per sector, it is 7%.
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Figure B.5 Capacity gain from DC HSDPA over 2xSC-HSDPA
B.2 DC HSDPA gains with bursty traffic

Qualcomm had provided analysis and simulation results for burst rates for 2x-SC and DC HSDPA assuming a fixed burst size. In this document, we provide burst rate curves, where the burst size follows a truncated log-normal distribution. The inter-burst duration is exponentially distributed with a mean of 20 sec. Figure B.6 shows the distribution of burst sizes.
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Figure B.6 Burst Size CDF
Figure B.7 shows the CDF of burst rates for the 8 users per sector. Note that there are 8 users in 10 MHz for both 2xSC and DC-HSDPA. We see that there is a ~2x improvement in the burst rates with dual cell HSDPA compared to 2xSC-HSDPA. 
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Figure B.7 Burst Rate CDF for 8 users per sector. The blue curve refers to the case when 4 of the users are on each cell (2xSC-HSDPA) while the red curve refers to the case when all 8 users are dual cell capable (DC HSDPA).
Figure B.8 shows the number of users that can be supported as a function of the average burst rate per user. As the load increases, we see that the gains from DC HSDPA start to fall, as the queue length begins to increase and begins to resemble full-buffer. Note that the number of users per sector is proportional to the load seen by the scheduler. Please note that other cell powers are set to maximum, so partial loading effects are not seen in Figure B.8. If partial loading is explicitly simulated, the burst rates will be much higher.
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Figure B.8 Burst rate performance with OCNS=1.

Figure B.9 compares the sector throughput at the application layer for DC HSDPA with 2xSC-HSDPA. The application layer throughput is smaller than the physical layer throughput. Since we do not model TCP, the difference between the physical and application layer throughputs is only the header overhead. Relative Comparison between 2xSC-HSDPA and DC-HSDPA is independent of the overhead.

Read in conjunction with Figure B.8, we see that while the burst rates have doubled, the sector throughput is the same for both. In other words, the burst is served faster in DC-HSDPA and therefore, there is more idle time in DC-HSDPA than in the 2x-SC HSDPA. As the number of users per sector increases beyond 64, the sector throughput curves will saturate.
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Figure B.9. Sector throughput as a function of users per sector
In summary, the simulations show: 

· For a given burst rate, DC HSDPA can support more than twice the number of users compared to 2x-single cell HSDPA at low loads. For instance, at a burst rate of 3.5 Mbps, the number of users supportable with DC HSDPA is more than twice the number that can be supported through 2xSC HSDPA.

· At low to medium loads, for a given number of users, DC HSDPA can provide a doubling of the burst rate compared to 2xSC-HSDPA.
B.3 Conclusions

· For full buffer traffic, we have presented user and sector throughput curves.

· DC HSDPA results in user throughput and sector throughput gains. 

· Low geometry users gain more in terms of throughput than high geometry users. 

· For bursty traffic, we have focused on the “burst rate”, as it is an important indicator of user experience.

· DC HSDPA results in a doubling of burst rates low to medium loads, even after normalizing the number of users per 5 MHz. 

· At low to medium loads, for a given burst rate, DC HSDPA can support more than twice the number of users when compared to 2xSC-HSDPA.

---------------------End of Text proposal for R1-081690 ------------------------
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