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1
Introduction

A filtering-based solution [1] was proposed to low bandwidth deployments as an alternative to time-dilation UMTS. An enhanced version of this solution in the form of chip-zeroing was proposed to achieve a spectral efficiency that is comparable to UMTS. 

In this document, we consider a multi-carrier combination of UMTS with an enhanced-filtered carrier (2.5 or 1.25 MHz) and analyse the throughput improvement over UMTS. The comparison is made with baseline UMTS in terms of the aggregate throughput and the impact on legacy users (who can only utilize the UMTS carrier in the multi-carrier combination) as a function of geometry and the wireless channel model. 

 2
Systems compared

We consider two alternatives for multi-carrier configurations. In the first option, narrowband carrier has HS-SCCH, and SCH as the only two control channels transmitted. All other control information for the multi-carrier UE is sent over the UMTS carrier. 
In the next option, even the scheduling information of narrowband carrier is sent over the primary UMTS carrier and is called cross carrier scheduling. We still retain the synchronization channel in the narrowband carrier in all multi-carrier configurations. 
 Table 1: Configurations evaluated in this document
	Index
	Configuration
	Options
	Bandwidth
	Frequency offset between carriers

	U+S4
	UMTS + S-UMTS (N=4)

chip-zero S-UMTS
	1) Only HS-SCCH and SCH on S-UMTS carrier

2) Only SCH on S-UMTS carrier
	6.00 MHz
	2.88 MHz

	U+S4
	UMTS + S-UMTS (N=4)

chip-zero S-UMTS
	1) Only HS-SCCH and SCH on S-UMTS carrier

2) Only SCH on S-UMTS carrier
	6.25 MHz
	3.125 MHz

	U+S2
	UMTS + S-UMTS (N=2)

chip-zero S-UMTS
	1) Only HS-SCCH and SCH on S-UMTS carrier

2) Only SCH on S-UMTS carrier
	6.00 MHz
	2.25 MHz

	U+S2
	UMTS + S-UMTS (N=2)

chip-zero S-UMTS
	1) Only HS-SCCH and SCH on S-UMTS carrier

2) Only SCH on S-UMTS carrier
	7.50 MHz
	2.75 MHz

	U
	UMTS 
	
	5.00 MHz
	single carrier


3
HSDPA link analysis

We will describe the performance of multi-carrier configurations in 6 MHz bandwidth, first when HS-SCCH is transmitted on both carriers, with the power for narrowband carriers scaled by N (to maintain same quality as UMTS in spite of the reduced spreading factor). We have included the multi-carrier configurations (un-squeezed) that occupy 6.25 or 7.5 MHz. 

Fig. 3.1-3.2 suggest that throughput gains are obtained for all multi-carrier configurations (using 6 MHz) over the baseline UMTS with gains around 20% and gains increasing with geometry for U+S4: UMTS+S-UMTS (N=4). On the other hand, the configuration U+S2: UMTS+S-UMTS(N=2) achieves 44% to 4% gains with gains decreasing with geometry. Configuration U+S4 has lower gains at low geometries due to loss of available power for HS data (note that HS-SCCH uses ~20% power for N=4, compare with 5% for UMTS). This power loss is less important at high geometries On the other hand, configuration U+S2 has lower gains at higher geometries because of the inter-carrier interference between the squeezed carriers in 6 MHz. 
Fig. 3.3 depicts the impact on legacy user due to inter-carrier interference between the two carriers. It is seen that configuration U+S2 results in greater than 20% peak loss in legacy user throughput (with loss increasing with geometry). 
The performance of multi-carrier configurations in 6 MHz bandwidth, when HS-SCCH is transmitted on only on the UMTS carrier is also shown. This cross-carrier scheduling mode is expected to show increased aggregate throughputs due to increased available power for HS data in the narrow band carrier. 
Fig. 3.4-3.5 suggest that throughput gains are obtained for all multi-carrier configurations (using 6 MHz) over the baseline UMTS with gains up to 25% with gains increasing with geometry for U+S4: UMTS+S-UMTS (N=4) while the other configuration U+S2: UMTS+S-UMTS(N=2) achieves 50% to 3% gains with gains decreasing with geometry. Configuration U+S4 has improved gains compared to when there is an SCCH overhead is present in the narrowband carrier.   

Fig. 3.6 depicts the impact on legacy user and it is seen that configuration U+S2 results in greater than 20% peak loss in legacy user throughput (with loss increasing with geometry).
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Figure 3.1: HSDPA throughputs for multi-carrier combinations (option 1: HS-SCCH present on S-UMTS carrier)
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Figure 3.2: Percentage gain in HSDPA throughput (over UMTS) for multi-carrier combinations (option 1: HS-SCCH present on S-UMTS carrier)
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Figure 3.3: Impact on legacy user's HSDPA throughput (compared to UMTS) for multi-carrier combinations (option 1: HS-SCCH present on S-UMTS carrier)
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Figure 3.4: HSDPA throughputs for multi-carrier combinations (option 2: HS-SCCH absent on S-UMTS carrier; cross-carrier scheduling)
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Figure 3.5: Percentage gain in HSDPA throughput (over UMTS) for multi-carrier combinations (option 2: HS-SCCH absent on S-UMTS carrier; cross-carrier scheduling)
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Figure 3.6: Impact on legacy user's HSDPA throughput (compared to UMTS) for multi-carrier combinations (option 2: HS-SCCH absent on S-UMTS carrier; cross-carrier scheduling)
4
Conclusions

Enhancement to the plain filtering solution to narrow bandwidth UMTS deployment in the form of chip-zeroing is used in a multi-carrier deployment with UMTS. Two options are considered for HS-SCCH on the narrowband carrier- dedicated HS-SCCH for both carriers and common HS-SCCH on the UMTS carrier alone to limit the overhead. Note that the overhead (power) is scaled with N (bandwidth reduction factor) to ensure a similar performance as with UMTS. Overall, we observe that gains up to 25% are obtainable with minimal (<2%) impact to legacy user experience when UMTS+S-UMTS(N=4) is deployed on 6 MHz bandwidth. On the other hand, configuration UMTS+S-UMTS(N=2) can achieve even higher gains (up to 50%) at lower geometries (with minimal legacy user impact) but gains decrease to 3% with a huge legacy user impact (>20%) at higher geometries. The optimal choice among these two configurations depends on the geometries observed in the network and the penetration of the multi-carrier capable users.  
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