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1 Introduction

In RAN #70 a new Study Item entitled “Multi carrier enhancements for UMTS” was approved [1]. As of today, the UMTS standard only allows for DB-DC-HSUPA or DC-HSUPA with 2ms TTI on both carriers. In [1] it was proposed to extend the capability of Multicarrier by allowing 10ms TTI to be configured for one or two carriers. 
This contribution analyses the potential scenarios for multicarrier enhancements in DB-DC-HSUPA/DC-HSUPA and discuss the evaluation of these scenarios. 
2 Multicarrier HSUPA
2.1 DB-DC-HSUPA/DC-HSUPA  
DC-HSUPA was introduced in Release 9 [2], while during the Release 13 DB-DC HSUPA was introduced to add dual band support. In release 14, the SID in [1] states that “10ms TTI can be configured for multi-carrier deployments. In this way 10ms TTI can be configured on one carrier or two carriers when DB-DC-HSUPA/DC-HSUPA is configured to obtain higher data rates.”  

From the study item description, a number of scenarios have been identified.

2.2 DC-HSUPA enhancements

2.2.1 Scenarios for DC-HSUPA
For DC-HSUPA, the potential TTI length combinations are shown in Table 1. Note that since these scenarios are for DC-HSUPA, all the carrier frequencies belong to the same frequency band.

· Case 1 is the baseline case and corresponds to DC-HSUPA with two cells each with 2ms TTI. That case is already covered by release 9 DC-HSUPA.
·  Case 2:  The primary carrier uses a 10ms TTI while the secondary carrier is using a 2ms TTI. 
· Case 3:  The primary carrier uses a 2ms TTI while the secondary carrier is using a 10ms TTI. When the TTI length between carriers differs as it is the case for case 2 and 3, several aspects need to be addressed and some functionalities and procedures may need to be revisited for these special cases.
· Case 4: the primary and secondary carriers use a 10ms TTI. This case is a direct extension of the existing baseline stated in case1 and no direct technical issues are foreseen. 
	Scenario Case
	deployment
	

	Case1 (baseline):
	
[image: image1.emf]
	2ms Primary Serving cell +2ms Secondary Serving cell.



	Case 2
	
[image: image2.emf]10ms


	10ms TTI Primary Serving cell +2ms Secondary Serving cell.



	Case 3
	
[image: image3.emf]10ms


	2ms TTI Primary Serving cell +10ms Secondary Serving cell.



	Case 4
	
[image: image4.emf]10ms


	10ms Primary Serving cell +10ms Secondary Serving cell.




Table 1: Scenarios and deployment illustration for each DC-HSUPA case. The Primary carrier is orange and the secondary carrier is blue.

Observation 1: based on the study item description 3 possible cases are identified for DC-HSUPA
· Case 1 (baseline): 2ms Primary Serving cell +2ms Secondary Serving cell

· Case 2: 10ms TTI  Primary Serving cell +2ms Secondary Serving cell 
· Case 3: 2ms TTI  Primary Serving cell +10ms Secondary Serving cell
· Case 4: 10ms Primary Serving cell +10ms Secondary Serving cell
Observation 2: Performance wise, the benefits of introducing 10ms TTI into the DC-HSUPA will have to be quantified for all the envisioned scenarios with respect to the legacy performance.  
2.3 Scenarios for DB-DC-HSUPA enhancements

For DB DC HSUPA, the deployment mentioned for DC-HSUPA can be reused. However, some differences are highlighted in Table 2. One key consideration is the band allocation. Lower bands exhibit lower path loss compared to higher bands.   The band allocation for each of the cases should be studied as it may impact coverage and therefore performance. Therefore, the discussion in section 2.2.2 also applies to DB-DC-HSUPA.  

	Case
	Scenario
	Deployment
	Primary Carrier 
	Secondary carrier

	1a (baseline)
	2ms Primary Serving cell +2ms Secondary Serving cell.  
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	Higher band


	Lower band



	1b (baseline)
	
	
	Lower band


	Higher band



	2a
	10ms TTI Primary Serving cell +2ms Secondary Serving cell.
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	Higher band


	Lower band



	2b
	
	
	Lower band


	Higher band



	3a
	2ms TTI Primary Serving cell +10ms Secondary Serving cell.


	 
[image: image7.emf]10ms


	Higher band


	Lower band



	3b
	
	
	Lower band


	Higher band



	4a
	10ms Primary Serving cell +10ms Secondary Serving cell. 
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	Higher band


	Lower band



	4b
	
	
	Lower band


	Higher band




Table 2: Scenarios and deployment illustration for each DC-HSUPA case. The Primary carrier is orange and the secondary carrier is blue.

Another aspect that the scenarios should capture is the assumption on the number of Power Amplifiers (PA) used for DB-DC-HSUPA since is a key element for knowing how is the power allocated to each of the bands, especially in a power limited situation. The two carriers can be going through the same transmitting RF amplifier (wideband amplifier) in the UE as shown in figure 1a, or use a dedicated narrowband amplifier with a specific power operating point for each band as in figure 1b[3]
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 Figure 1a: Wideband PA implementation of DB-DC-HSUPA (figure from [3], annex B1).
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 Figure 1b: implementation via two narrow band amplifiers (figure from [3], annex B2)
Observation 3: For DB-DC-HSUPA the cases described for DC-HSUPA can be reused by adding to the investigated scenarios the lower and higher band allocation alternatives. The scenarios should include the type of RF PA used (dual band PA or one PA per band) and the power allocated per band.   

2.4 Scenario discussion
Case 1 is the baseline for all the new scenarios, therefore all the gains and losses should be compared to the baseline for assessments. 

Case 2 and 3 are the case of two cells with two different TTI lengths. These cases present the most potential impacts to specifications as well as technical issues. For example, the issues addressed during the development of Rel-9 DC-HSUPA such as power scaling, ETFCI selection, carrier activation/deactivation should be revisited. Given the sizable additional work required, the use case for the case 2 and 3 scenarios should be motivated. 

Observation 4: For case 2 and 3, the benefits of mixed TTI versus other legacy alternative should be clearly identified.

 Case 4 is the 10ms equivalent of the baseline case. No major issues are foreseen but performance optimization may be possible. 

Observation 5: The case 4 could be considered a direct extension of the existing baseline. However its potential gains need to be justified by means of evaluations.
2.5 Performance evaluation 
2.5.1 Purpose
Multicarrier HSUPA propose to extend DC-HSPA with options for 10ms TTI and a mixed 2ms/10ms TTIs. DB-DC-HSUPA also adds the possibility of using different bands.  It is of interest and somehow necessary for continuing with this work to evaluate where these new combinations are positioned compared to legacy DC-HSUPA and single carrier HSUPA depending on radio conditions (coupling loss). 

Since DB-DC-HSUPA uses two different bands in each cell, there are different radio conditions over the two cells. In which coverage conditions and load balance is this beneficial, compared to other HSPA configuration such as legacy DC-HSUPA, mixed TTI HSUPA or SC-HSUPA? When is configuration switching beneficial?

Finally, system simulations for both burst transmission as well as full buffer transmission should be performed and compared to legacy. In legacy DC-HSPA, it was shown via full buffer simulations that DC-HSUPA was detrimental to a highly loaded cell while it was beneficial in burst transmission, although not to the extent of twice the rate of single carrier (due to control channel overhead). 

Observation 6: The evaluation of the benefits for DB-DC-HSUPA and DC-HSUPA with 10ms and or 2ms TTIs should demonstrate the areas of benefits of the mechanisms. The results should be obtained via system simulations reflecting realistic conditions. 
3 Conclusions

In this paper the topic of scenarios for DC-HSUPA and DB-DC HSUPA has been discussed. The following cases have been identified for DC-HSUPA: 
Observation 1: based on the study item description 4 possible cases are identified for DC-HSUPA
·  Case1 (baseline): 2ms Primary Serving cell +2ms Secondary Serving cell

· Case 2: 10ms TTI  Primary Serving cell +2ms Secondary Serving cell 
· Case 3: 2ms TTI  Primary Serving cell +10ms Secondary Serving cell

· Case 4: 10ms Primary Serving cell +10ms Secondary Serving cell 
Observation 2: Performance wise, the benefits of introducing 10ms TTI into the DC-HSUPA will have to be quantified for all the envisioned scenarios with respect to the legacy performance.  

Observation 3: For DB-DC-HSUPA the cases described for DC-HSUPA can be reused by adding to the investigated scenarios the lower and higher band allocation alternatives. The scenarios should include the type of RF PA used (dual band PA or one PA per band) and the power allocated per band.
Case 1 is identified as the baseline scenario. For case 2 the following observation was made
Observation 4: For case 2, the benefit of mixed TTI versus other legacy alternative should be clearly identified.

 Case 3 is the 10ms equivalent of the baseline case.  The following observation was made

Observation 5: The case 4 could be considered a direct extension of the existing baseline. However its potential gains need to be justified by means of evaluations.

On the subject of performance evaluation, the following observation was made

Observation 6: The evaluation of the benefits for DB-DC-HSUPA and DC-HSUPA with 10ms and or 2ms TTIs should capture the coverage, load balance and power limitation aspects of the mechanisms. The results should be obtained via system simulations. 
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