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1 Introduction

In Release 8 of HSPA standardization dual carrier HSDPA was specified. In the RAN Plenary meeting #43 [1], it was agreed to investigate also the possibility of dual carrier HSUPA. The following objectives were agreed for the dual carrier HSUPA work item [1]:

· The dual carrier transmission only applies to HSUPA UL physical channels and DPCCH

· The carriers belong to the same Node-B and are on adjacent carriers

· Operation with at least 2 carriers configured simultaneously in downlink. In this case the duplex distance between uplink carrier n and downlink carrier n will respect single carrier rules
In this document we study performance of the dual carrier HSUPA in system level. Similar to dual carrier HSDPA bursty traffic provides main motivation for the usage of the dual carrier uplink transmission. Thus, we analyse how user experience can be improved compared to the single carrier HSUPA. In addition, sector throughputs are considered in case of full buffer traffic. 
2 Simulation assumptions

The simulation assumptions are as specified in [2]. The following list shows used options and deviations:

· Channel model: PA3 and TU6 (3 km/h), Fading across carriers is completely uncorrelated
· N: 1, 2, 4, 8
· Node B Receiver: Linear MMSE
· Uplink SI delay – No delay
· RoT limits: 3.5 dB and 6.0 dB
3 Simulation results
3.1 Bursty traffic

In this section we consider bursty traffic as traffic source model according to [2]. The most interesting metrics with the bursty traffic are active user throughputs. The metrics are analysed via cumulative distribution functions (CDF) to look at distribution of throughputs and bar plots to indicate mean throughput levels with different parameter settings. 
The active user throughputs of the dual carrier HSUPA transmission are compared to corresponding results of the single carrier HSUPA transmission. To get fair comparison there will be 2xN users per sector
 in case of the dual carrier HSUPA and N per sector users in case of the single carrier HSUPA. One needs to notice that with high N value, the gains from the dual carrier HSUPA may not be as high as possible due to not having DTX for the inactive users in this study. In other words, all the users either in the dual or single carrier HSUPA transmission are transmitting DPCCH on carrier(s) even when they are not sending any data. 
Figure 1 shows CDFs of active user throughputs when N is having values [1,2,4,8], ISD is equal to 500 m, used channel profile is PA3 and RoT target at the Node B per carrier is 3.5 dB. With low number of users considered, N=[1,2], the active user throughputs are almost double to the single carrier ones on average. Even when N is equal to 4 the gains are quite significant. Once the N is equal to 8 we can obtain that due to increased pilot overhead from double amount of simultaneous UEs on one carrier the dual carrier transmission doesn’t provide that much gains compared to the single carrier transmission and actually may lead worse throughputs in some cases. The latter indicates the need for an intelligent scheduler that can switch UE to the single carrier mode when the load is too high.
One observation is that with the dual carrier transmission we see much longer tails in the curves if compared to the single carrier transmission cases and in low end area the dual carrier transmission is approaching the single carrier transmission. That behaviour may be explained that for some percentage of the time there are more users active and the load is higher and thus the performance drifts towards the single carrier transmission performance. 
In Figure 2 the RoT target is 6.0 dB and other parameters are similar to ones used in Figure 1. With higher RoT target higher number of users (N=[1,2,4]) are getting now almost double active throughput because DPCCH overhead from other simultaneous users are not affecting that much when RoT target is higher. The tails of the dual carrier curves are still similar to results seen with lower RoT level and again it illustrates the higher probability to be limited by RoT and overhead from DPCCHs than in case of the single carrier transmission. With N equal to 16, there is often more than user active at one time and so the situation becomes more like full, where the resources are fully utilised in the single carrier transmission and the dual carrier transmission brings a lower advantage. Further, there is also some extra overhead from E-DPCCH if users end up transmitting in parallel more of the time.
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Figure 1 CDF of active user throughput for N=[1,2,4,8] , ISD=500, channel profile=PA3 and RoT target=3.5 dB.
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Figure 2 CDF of active user throughput for N=[1,2,4,8] , ISD=500, channel profile=PA3 and RoT target=6.0 dB.


Figure 3 and Figure 4 illustrate performance when we increase ISD to 1000 m for RoT target 3.5 dB and 6.0 dB, respectively. The dual carrier transmission curves are again having much higher variation between 5th and 95th percentile than single carrier transmission curves. Now with larger sector size, proportion of required power for DPCCHs of the total allowed transmission power increases (of the RoT UE can cause at Node B) and thus when UE starts to be far away from the BS it cannot use that high grants for E-DCH transmission. That leads that lower tails of the dual carrier transmission curves approach the corresponding single carrier ones much earlier than with the smaller sector size. This trend can be proven when going to even larger sectors as illustrated in Figure 5 and Figure 6 where ISD is equal to 1732 m, and additionally in larger sectors UEs are more probably power limited. Further one can notice that the dual carrier transmission may provide worse active user throughput than the single carrier transmission. Thus, again it could be sensible to have an efficient mechanism to change mode between dual and single carrier transmission for the UE.
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Figure 3 CDF of active user throughput for N=[1,2,4,8] , ISD=1000, channel profile=PA3 and RoT target=3.5 dB.
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Figure 4 CDF of active user throughput for N=[1,2,4,8] , ISD=1000, channel profile=PA3 and RoT target=6.0 dB.
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Figure 5 CDF of active user throughput for N=[1,2,4,8] , ISD=1732, channel profile=PA3 and RoT target=3.5 dB.
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Figure 6 CDF of active user throughput for N=[1,2,4,8] , ISD=1732, channel profile=PA3 and RoT target=6.0 dB.


The corresponding figures for TU6 channel profile are shown in Figure 7, Figure 8, Figure 9, Figure 10, Figure 11 and Figure 12. The observations can be mainly applied as for the results above with PA3 channel profile except that in general absolute throughputs are now lower with more frequency selective channel in use.
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Figure 7 CDF of active user throughput for N=[1,2,4,8] , ISD=500, channel profile=TU6 and RoT target=3.5 dB.
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Figure 8 CDF of active user throughput for N=[1,2,4,8] , ISD=500, channel profile=TU6 and RoT target=6.0 dB.
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Figure 9 CDF of active user throughput for N=[1,2,4,8] , ISD=1000, channel profile= TU6 and RoT target=3.5 dB.
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Figure 10 CDF of active user throughput for N=[1,2,4,8] , ISD=1000, channel profile= TU6 and RoT target=6.0 dB.
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Figure 11 CDF of active user throughput for N=[1,2,4,8] , ISD=1732, channel profile= TU6 and RoT target=3.5 dB.
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Figure 12 CDF of active user throughput for N=[1,2,4,8] , ISD=1732, channel profile= TU6 and RoT target=6.0 dB.


Mean active user throughputs for PA3 channel profile are presented in Figure 13, Figure 14, Figure 15, Figure 16, Figure 17 and Figure 18. With small N values and ISD value 500 the mean user throughput are almost double in the dual carrier case compared to the single carrier case independent of the RoT target. Once N gets higher we can see that with low RoT target gains from the dual carrier transmission are diminishing before with high RoT target. That’s because with high RoT target impact from DPCCHs is lower than with low RoT target. In general, absolute values of mean user throughputs as well as gains from the dual carrier transmission are decreasing as function of increasing ISD. 
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Figure 13 Mean active user throughput for N=[1,2,4,8] , ISD=500, channel profile=PA3 and RoT target=3.5 dB.
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Figure 14 Mean active user throughput for N=[1,2,4,8] , ISD=500, channel profile= PA3 and RoT target=6.0 dB.
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Figure 15 Mean active user throughput for N=[1,2,4,8] , ISD=1000, channel profile= PA3 and RoT target=3.5 dB.
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Figure 16 Mean active user throughput for N=[1,2,4,8] , ISD=1000, channel profile= PA3 and RoT target=6.0 dB.


	[image: image17.png]Mean active user throughput [kbps}

7000

6000

5000

4000

3000

2000

1000

Burst, Mean Active User Throughput, ROT target 3.5, 1732m cell, PA3

I Dual Carrier (2xN UEs/sector)
[ | Single Carrier (N UEs/sector)

N=2
Amount of UEs




Figure 17 Mean active user throughput for N=[1,2,4,8] , ISD=1732, channel profile= PA3 and RoT target=3.5 dB.
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Figure 18 Mean active user throughput for N=[1,2,4,8] , ISD=1732, channel profile= PA3 and RoT target=6.0 dB.


Corresponding mean active user throughput for TU6 channel profile are depicted in Figure 19, Figure 20, Figure 21, Figure 22, Figure 23 and Figure 24. In general, the similar behaviour can be seen when TU6 channel profile has been used if one compares to above results of PA3 channel profile except that now absolute values are a bit lower and gains from the dual carrier transmission smaller with TU6. 
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Figure 19 Mean active user throughput for N=[1,2,4,8] , ISD=500, channel profile=TU6 and RoT target=3.5 dB.
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Figure 20 Mean active user throughput for N=[1,2,4,8] , ISD=500, channel profile=TU6 and RoT target=6.0 dB.
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Figure 21 Mean active user throughput for N=[1,2,4,8] , ISD=1000, channel profile=TU6 and RoT target=3.5 dB.
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Figure 22 Mean active user throughput for N=[1,2,4,8] , ISD=1000, channel profile=TU6 and RoT target=6.0 dB.
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Figure 23 Mean active user throughput for N=[1,2,4,8] , ISD=1732, channel profile=TU6 and RoT target=3.5 dB.
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Figure 24 Mean active user throughput for N=[1,2,4,8] , ISD=1732, channel profile= TU6 and RoT target=6.0 dB.


3.2 Full buffer

In this section we consider full buffer traffic model. As metrics average sector throughputs as a function of N are presented and analysed. One needs to notice that with full buffer traffic model all the users are active all the time in the system and thus the sector throughputs and active user throughputs are lower than with bursty traffic model due to increased inter-cell interference. In addition, the scheduler doesn’t allow for frequency selective scheduling in these simulations and we are assuming an even loading of users/sectors.
Figure 25, Figure 26, Figure 27, Figure 28, Figure 29 and Figure 30 show average sector throughputs as a function of N. In each figure one can see comparison between the dual carrier system and two times the single carrier system. In addition, average throughputs per carrier of the dual carrier case are also depicted. In general one can see that with low RoT target and N equal to 1 the dual carrier transmission provides higher average sector throughput than the single carrier transmission with two carriers independent of the used ISD. For higher N values overhead from additional DPCCH start to decrease sector throughput of dual carrier transmission compared to the corresponding single carrier case. Similarly for high RoT target value independently of the ISD two times the single carrier setup seems to provide higher sector throughput when N is higher than 2.
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Figure 25 Average sector throughput as a function of N, ISD=500, channel profile=PA3 and target RoT=3.5 dB.
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Figure 26 Average sector throughput as a function of N, ISD=500, channel profile=PA3 and target RoT=6.0 dB.
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Figure 27 Average sector throughput as a function of N, ISD=1000, channel profile=PA3 and target RoT=3.5 dB.
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Figure 28 Average sector throughput as a function of N, ISD=1000, channel profile=PA3 and target RoT=6.0 dB.
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Figure 29 Average sector throughput as a function of N, ISD=1732, channel profile=PA3 and target RoT=3.5 dB.
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Figure 30 Average sector throughput as a function of N, ISD=1732, channel profile=PA3 and target RoT=6.0 dB.


Corresponding sector throughput figures for TU6 channel profile are presented in Figure 31, Figure 32, Figure 33, Figure 34, Figure 35 and Figure 36. Similarly as with bursty traffic analysis, absolute values observed for TU6 channel profile are smaller than for PA3 channel profile but otherwise the behaviour is quite same.
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Figure 31 Average sector throughput as a function of N, ISD=500, channel profile=TU6 and target RoT=3.5 dB.
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Figure 32 Average sector throughput as a function of N, ISD=500, channel profile=TU6 and target RoT=6.0 dB.
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Figure 33 Average sector throughput as a function of N, ISD=1000, channel profile= TU6 and target RoT=3.5 dB.
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Figure 34 Average sector throughput as a function of N, ISD=1000, channel profile= TU6 and target RoT=6.0 dB.

	[image: image35.png]Sector throughput [kbps)

Fullbuffer, Sector Throughput, ROT target 3.5, 1732m cell, TUB

10000
==*--Dual Carrier, Carrier 1 (2 x N UEs)
9000 | ==*=-Dual Carrier, Carrier 2 (2 x N UEs)
—*— Dual Carrier, total (2 x N UEs)
8000 | —*— Single Carrier (N UEs) x 2
7000~
6000 -
5000~
4000~
——
—
——
SiZTzzzzacy
o L Il I
N=1 N=2 N=4 N=

Amount of UEs




Figure 35 Average sector throughput as a function of N, ISD=1732, channel profile= TU6 and target RoT=3.5 dB.
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Figure 36 Average sector throughput as a function of N, ISD=1732, channel profile= TU6 and target RoT=6.0 dB.


4 Conclusions

Dual carrier transmission can increase user burst rate significantly when the number of users in the system is low and sector size is small. The gains are diminishing as the number of users and ISD increase. On the other hand the achieved burst rates cannot be doubled by allowing dual carrier transmission due to additional DPCCH overhead required. In presented simulations DTX for inactive users wasn’t applied of which usage would improve the performance of the dual carrier transmission due to lowered load caused by inactive users. The main point from full buffer simulations is that for high loads, the scheduler should stop using dual carrier mode as it would be detrimental to the system performance. 
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� Sector means a geographical area of coverage controlled by a Node B.





