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1
Introduction

Using Scalable-UMTS (S-UMTS) [1], [2] has yielded systems with link spectral efficiencies comparable to UMTS in standalone mode [3] and higher link throughputs than UMTS in a multi-carrier mode on a 6 MHz deployment [4]. These link simulations were performed using a Variable Reference Channel with CQI-based scheduling.  

In this document, we present initial system results that are essentially the link level throughputs weighted by the geometry distribution of the users. The geometry distribution of the users is derived using a 57-cell simulator with random user deployment. Two options are considered for adjacent cell transmissions – 20% loading and 100% loading. Our goal is to investigate the system-level throughputs and any effects to legacy user performance in multi-carrier UMTS+S-UMTS configurations. 
2
(S-)UMTS configurations
The configurations evaluated in this document are summarized in Table 1. All results presented correspond to deployments in Band VIII.
Table 1: Configurations evaluated in this document
	Index
	Configuration
	Bandwidth
	Frequency offset between carriers

	U+S4
	UMTS + S-UMTS (N=4)
	6.00 MHz
	2.88 MHz

	U+S2
	UMTS + S-UMTS (N=2)
	6.00 MHz
	2.25 MHz

	U
	UMTS 
	5.00 MHz
	Standalone

	S2
	S-UMTS (N=2)
	2.50 MHz
	Standalone

	S4
	S-UMTS (N=4)
	1.25 MHz
	Standalone


3
HSDPA system level throughputs 
This section presents the system level throughput results using the user CDF from appendix A and link level throughput results from [3], [4]. Inter-carrier interference between the constituent carriers is modelled for the multi-carrier configurations [5]. 
In Table 2, we observe that both the multi-carrier options (in 6MHz spectrum) achieve significantly higher throughputs compared to UMTS for the multi-carrier users in this system. For 100% loading, the configuration U+S2 achieves slightly higher throughputs compared to the configuration U+S4. This can be speculated from link results where this combination had better throughputs for lower geometries but the increased ICI reduced throughputs at higher geometries. On the other hand, when the loading in adjacent cells decreases to 20%, the geometry of users improves and the configuration U+S4 wins over U+S2. 

Another interesting point to note is the impact for any legacy users in the multi-carrier systems. These users can not exploit the second carrier and can actually see degradation due to interference from adjacent carrier. The system results in Table 2 indicate that this impact is actually negligible for U+S4 while it is significant for U+S2. However, there is one consideration that needs to be accounted. When we present the legacy user impact, we assume all 100% users to be legacy UEs. But the ICI from the adjacent S-UMTS carrier is not just due to control channels but equivalent to full data. So, the results can be interpreted as a scenario where all the legacy users are using 15 codes in the UMTS carrier and then all the enhanced users are only using the 15 codes from S-UMTS carrier on downlink. This means that the actual legacy user impact in a mixed scenario will only decrease compared to what we show here. 

With regard to the standalone S-UMTS results, we observe a spectral efficiency close to UMTS when network throughputs are considered. Thus, in all, the system level results corroborate the broad observations for S-UMTS mentioned in [3], [4].
Table 2: System level throughputs for S-UMTS configurations
	Channel
	Configuration
	Bandwidth
	Sector HS Throughput

(Mbps)

(20% adjacent cell loading)
	Sector HS Throughput

(Mbps)

(100% adj. cell loading)

	
	
	
	MultiCarrier
user
	Legacy User
	Multi-Carrier
user
	Legacy User

	PA 3
	U+S2
	6.00 MHz
	10.90
	7.47
	6.57
	4.45

	
	U+S4
	6.00 MHz
	11.11
	8.96
	6.19
	5.00

	
	U
	5.00 MHz
	9.00
	5.08

	
	S2
	2.50 MHz
	4.41
	2.46

	
	S4
	1.25 MHz
	2.06
	1.12

	PB 3
	U+S2
	6.00 MHz
	9.30
	6.27
	5.84
	3.90

	
	U+S4
	6.00 MHz
	9.25
	7.3
	5.51
	4.34

	
	U
	5.00 MHz
	7.30
	4.36

	
	S2
	2.50 MHz
	3.87
	2.26

	
	S4
	1.25 MHz
	1.84
	1.06

	VA 30
	U+S2
	6.00 MHz
	6.84
	4.80
	4.14
	2.89

	
	U+S4
	6.00 MHz
	7.32
	5.8
	4.17
	3.3

	
	U
	5.00 MHz
	5.79
	3.32

	
	S2
	2.50 MHz
	2.77
	1.53

	
	S4
	1.25 MHz
	1.43
	0.77

	VA 120


	U+S2
	6.00 MHz
	6.76
	4.60
	4.12
	2.75

	
	U+S4
	6.00 MHz
	6.87
	5.43
	3.96
	3.14

	
	U
	5.00 MHz
	5.45
	3.16

	
	S2
	2.50 MHz
	2.77
	1.60

	
	S4
	1.25 MHz
	1.31
	0.77


5
Conclusions

The document presented HSDPA system level throughput results for standalone and multi-carrier UMTS+S-UMTS configurations. The obtained results suggest increased system throughputs for multi-carrier configuration UMTS+S-UMTS (N=4) deployed in 6 MHz with negligible impact on legacy user’s throughput. On the other hand, standalone S-UMTS carriers (N=2, 4) achieve comparable spectral efficiency to UMTS and thus provide a valuable tool to exploit chunks of spectrum smaller than 5 MHz.
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Annex A

User Geometry distribution (for 14 k random user placements) in a 57-cell layout is given in Fig. 1. In this preliminary analysis, we use an equal allocation of resources among the users and use a simple averaging of link level throughputs based on the user geometry distribution. Multi-user diversity can enhance the system throughputs further and this could be of advantage to multi-carrier systems where there is increased flexibility to schedule on either carriers.  
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Figure 1: User geometry CDF
