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Discussion
1. Introduction

A new study item S-UMTS (Scalable UMTS) was agreed in RAN#58 meeting [1]. Target scenarios and candidate solutions were discussed in RAN1#72 and RAN1#72bis meetings. Current agreement related to S-UMTS carrier aggregation is:
	The multi-carrier scenario refers to the mode of operation where the 5 MHz carrier acts as the primary carrier, and the S-UMTS carrier is usable as the secondary HS-DSCH carrier in downlink


This contribution presents the design of S-UMTS aggregation based on the agreed scenario with 5MHz carrier as the primary carrier and the S-UMTS carrier as the secondary HS-DSCH carrier in DL.
2. Discussion
2.1 Scenarios
Multi-carrier operation was proposed as one of the primary candidate scenarios, where legacy carrier as primary carrier and small bandwidth carrier as secondary HS-DSCH carrier in the downlink. In the secondary carrier, data only (HSDPA) service is supported. This can be illustrated in Table 1[3]. Note that the current agreement is only one S-UMTS carrier is assumed.
Table 1 S-UMTS Scenario 2A from [3]
	Scenarios
	Combination of carrier types
	Support service
	Illustration

	2
	Aggregation of Normal bandwidth cell and Small bandwidth cell

	Scenario 2A: Normal carrier with Light Small carriers
Primary cell: All services

Secondary cell(s): Data only
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In previous meetings, time dilation scheme illustrated in Figure 1was proposed for standalone S-UMTS [2], in which S-UMTS PHY layer protocol reuses legacy UMTS PHY protocol with the only change of scaling up the time unit to N times of that in legacy UMTS. The main benefit of time dilated S-UMTS is minimal change in addition to legacy UMTS. 
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Figure 1: Time dilation solution for S-UMTS carrier
Considering aggregating one legacy UMTS carrier as primary carrier and one S-UMTS carrier as secondary cell in DL, the main RAN1 work will be to address HS-DPCCH feedback on the legacy uplink carrier. There are two issues identified: 1) Timing of HS-PDSCHs and HS-DPCCHs 2) HS-DPCCH coding. 
2.2 Issues
2.2.1  Timing of HS-PDSCHs and HS-DPCCHs
Assuming the CPICHs (also HS-SCCHs) of both legacy primary carrier and the small bandwidth secondary carriers are aligned, the timing relation of HS-PDSCHs is shown in Figure 2. The start of any subframe of small bandwidth carrier with N=2 begins 4ms/3 after the start of nearest subframe of the legacy carrier; and the start of any subframe of small bandwidth carrier with N=4 is aligned with the start of one subframe of legacy carrier. 
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Figure 2: Timing relation of HS-PDSCHs 
Assuming the timing between HS-PDSCH and HS-DPCCH is kept as 7.5 slots of the cell where HS-PDSCH belongs to, the timing of HS-DPCCHs for legacy carriers and small bandwidth carriers will be not aligned any more. The timing relation is shown in Figure 3.
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Figure 3: Timing relation of HS-DPCCHs 
2.2.2  HS-DPCCH Coding
As agreed in RAN1#72 meeting, for the carrier aggregation scenario, firstly consider Dual-carrier operation with legacy carrier as the primary carrier and one S-UMTS carrier with reduced bandwidth (½ or ¼ of the legacy carrier bandwidth) as the secondary carrier, and with only one uplink (on primary carrier).

Since there is only one uplink, the feedback information should be carried on the primary carrier. In Release 8/9/10/11, both dual code HS-DPCCH and single code HS-DPCCH design are discussed, and finally single HS-DPCCH design was adopted for the case where the carrier number is not more than 4 (i.e. DC-HSDPA, 4C-HSDPA w/o MIMO) due to cubic metric of UE, but for 8C-HSDPA and 4C-HSDPA with 4-branch MIMO the dual code HS-DPCCH design was adopted since the cubic metric is not the dominant factor in this case any more.

2.3 HS-DPCCH solutions (for N=2)
For carrier aggregation of legacy with S-UMTS carrier, both single and dual code design solutions can be considered.

· Solutions of HS-DPCCH design
·  Solution 1: 1xSF256 HS-DPCCH with joint encoding for ACK and TDM for CQI of carriers
·  Solution 2: 2xSF256 HS-DPCCHs with each corresponding to one downlink carrier
The illustration of the solution 1 is shown in Figure 4, which considers scaling factor N=2. In this solution joint encoding for ACK and TDM for CQI is adopted and time adjustment is used to follow the timing based on legacy UMTS feedback occasions.
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Figure 4: 1xSF256 HS-DPCCH for dual carrier with S-UMTS as secondary carrier, N=2
Figure 5 shows the HS-DPCCH consists of ACK and CQI for both carriers with the CQI feedback cycle 4ms.
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Figure 5: Single code HS-DPCCH design, ACK joint encoding and CQI TDM
The illustration of the solution 2 is shown in Figure 6, which considers scaling factor N=2. In this solution two separate HS-DPCCHs are used corresponding to different HS-DPCCH timings in different carriers, wherein in each carrier legacy 7.5slot HS-DPCCH feedback is kept.
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Figure 6: 2xSF256 HS-DPCCHs for dual carrier with S-UMTS as secondary carrier, N=2
Single HS-DPCCH design was adopted for the case where the carrier number is not more than 4 (i.e. DC-HSDPA, 4C-HSDPA w/o MIMO) due to cubic metric of UE, solution 1 is preferred for S-UMTS carrier aggregation.
3. Conclusion
This contribution discusses the considerations of carrier aggregation for legacy carrier with S-UMTS carrier, analyses the timing relation of HS-PDSCHs and HS-DPCCHs, and provides both dual and single code HS-DPCCH design solutions. Single HS-DPCCH solution is preferred for the identified S-UMTS aggregation scenario with only one S-UMTS secondary carrier.
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