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1. Introduction

A new study item S-UMTS (Scalable UMTS) was agreed in RAN#58 meeting [1]. In last RAN1#72 meeting, target scenarios and candidate solutions as well as consideration on RF impact were discussed. The agreement was that:

	Primary candidate scenarios for S​-UMTS to consider
· Stand-alone S-UMTS carrier with reduced bandwidth (1/2 of the legacy carrier bandwidth)

· 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)
Candidate physical layer solutions to consider

· Reducing the chip rate to ½ or ¼ from the existing 3.84 Mcps operation

· Solutions without changing chip rate may be presented

· Possible options for frame/subframe/slot timing

· Extend the slot duration to maintain the same number of chips/slot

· Keep the 0.667 ms slot duration and reduce the number of chips/slot

· Other solutions may be presented


This contribution focuses on discussing the dual-carrier aggregation scenario.
2. Discussion
2.1 Scenarios
Two fundamental bandwidths are considered in S-UMTS, i.e. normal bandwidth and small bandwidth. Dual-carrier operation was proposed as one of the primary candidate scenarios, where legacy carrier (normal bandwidth) as primary carrier and small bandwidth carrier as secondary carrier. In the secondary carrier, either all services or data only service can be considered. We discuss the following two options for carrier aggregation from [2] in last meeting.
· Scenario 2A (N-LS): Normal carrier with Light Small carrier(s)
·  Data only service is supported in the secondary carrier
· Scenario 2B (N-S): Normal carrier with Small carrier(s)
· All services are supported in the secondary carrier

Table 1 S-UMTS Scenario 2 from [2]
	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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	Scenario 2B: Normal carrier with Small carriers
Primary cell: All services

Secondary cell(s): All Services
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When a small bandwidth cell is cooperating with a normal cell, it is recommended to keep most of the functionalities of legacy UMTS in the primary cell only, while some enhancements could be introduced in the secondary cell, such as removing many common channels, use of crossing carrier scheduling, allocating only the necessary channels to support data service as well as pilot enhancements. This would lead to scenario2A (N-LS). The benefits of applying light secondary cell are both for network side and UE side.
· Network side

· Lower Complexity
· In the legacy multi-carrier HSDPA, each carrier is equivalent to each other at Network side, since they have the same bandwidth, and Network can apply the same functionality when set any of the cells as primary and others as secondary. However for aggregation of normal bandwidth carrier and small bandwidth carrier, the two carriers are different, and consequently the case of legacy carrier as primary with small bandwidth carrier as secondary is quite different with the case of small bandwidth carrier as primary with legacy carrier as secondary, since these two cases requires different functionality such as scheduler. Hence it makes both transmitter and receiver easy to set legacy carrier as primary only.
· Power saving
· Power can be saved and used for data transmission, by removal of most common channels.
· UE side
· Lower Complexity

· R99 Service only supported in the legacy carrier: In the legacy multi-carrier HSDPA, R99 services (such as voice, broadcast) are only provided on the primary cell while the data service can be provided on both primary and secondary cells, i.e. the secondary cells only used for data transmission. Therefore, a similar consideration can be kept in S-UMTS carrier aggregation. Otherwise UE requires more functionality for supporting R99 service from small bandwidth cell.

· Access only in legacy carrier: if allowed to access in small bandwidth cell, much more functionality is required for access from small bandwidth cell. But it is not strictly necessary. 
Therefore it is proposed to prioritize studies of carrier aggregation of normal bandwidth carrier as primary carrier with a small bandwidth carrier as light secondary carrier. 
Proposal 1: Scenario 2A should be supported for S-UMTS carrier aggregation.
2.2 Design of light enhanced secondary carrier
2.2.1 Overhead reduction

In legacy multi-carrier HSDPA Technique, the secondary carriers are only used for data transmission but not for R99 functions for a specific UE. However from the view of NodeB side, all service are supported in that carrier, any carrier can be set as primary cell for some UEs. For aggregation of legacy carrier and small bandwidth carrier, thins changed. We only want the legacy carrier as primary carrier but the small bandwidth carrier as secondary carrier and never as primary for any UE. So we don’t need access or all services on small bandwidth cell, but  data only service is supported. 
To support data service, generally3 types of channels are required: HS-SCCH, HS-PDSCH, and CPICH(s). Other physical channels are not strictly necessary and could be removed. This would allow to save  at least 15% power for improving data transmission, shown in Figure 1.
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Figure 1 illustration of power distribution

2.2.2 Cross carrier scheduling
For further overhead reduction and improved data transmission efficiency in the secondary cell, cross carrier scheduling can be considered, illustrated in Figure 2. 

· Cross carrier scheduling:

· Data transmitted in the secondary cell (f2), 

· The control information for the data is always indicated in the primary cell (f1), and an indicator could be explicit or implicit included in the control information to notify the UE about which carrier this control information belongs to.
· HS-SCCH can be removed from the secondary cell.
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Figure 2 illustration of cross carrier scheduling

Benefits: 

· The coverage of HS-SCCH in primary carrier can be well guaranteed

· Can be further optimized to reduce the total number of HS-SCCH required by both NodeB and UE for supporting the same scheduling flexibility, an example is shown in the applendix.
Proposal 2: Consider cross carrier scheduling for aggregation of legacy carrier with small bandwidth carrier, where the control information indicated in the primary cell is corresponding to data transmitted in the secondary cell(s).
2.2.3 Pilot enhancement

2.2.3.1 CSI-pilot and demodulation-pilot
In 2x2 MIMO study it is observed that the introduction of S-CPICH on the 2nd antenna degrades the performance of legacy UE (R5 HSDPA UE), which is necessary for MIMO demodulation, and finally the power of S-PCICH is reduced as trade off. In 4-branch HSDPA study, the introduction of 3rd and 4th pilot would also impacts legacy SIMO and MIMO UE, and the solution is to introduce demodulation pilots which are only transmitted when data existed while the power of 3rd and 4th pilot is set in a very low level, mainly used for CSI evaluation.

By introduction of S-UMTS, no legacy UE can access the small bandwidth cell so that it is possible to apply a relative new principle for designing pilot. Similar mechanism of 4-branch MIMO pilot design can be inherited,

· Pilot design

· CSI-pilot: transmitted all the time with low power level which is sufficient for CSI evaluation

· Demodulation-pilot: transmitted together with data only with proper power level
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Figure 3 Illustration of pilot transmission

Benefits:
· Lower power consumption

· When data is not transmitted in the light cell, the power level is quite low

· Lower interference

· When SIMO UE is coexistent with MIMO UE, the low power level pilot for MIMO contributes much lower interference to SIMO UE

2.2.3.2 Coexistence of SIMO UE with MIMO UE
Since the SIMO UEs and MIMO UEs will share the resource of the same cell, there is possible to co-operate the 1Tx operation with 2Tx operation under a new structure. An example is shown in Figure 4. When only 1Tx-UE data is transmitted and MIMO UE data is not transmitted, low power level CSI-Pilots for MIMO UEare transmitted. When only MIMO data is transmitted, low power level CSI-Pilot for SIMO UE is transmitted.
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Figure 4 Illustration of pilot transmission

Proposal 3: Consider pilot enhancement for small bandwidth carrier as secondary cell.

2.2.4 Feedback
The feedback information are transmitted on primary serving cell and hence the secondary cell in the uplink is not necessary.
3. Conclusion
This contribution discusses the considerations on design of S-UMTS aggregation. As a secondary carrier with small bandwidth, it is best to support data only service for the sake of higher spectrum efficiency. And also we discussed ways how to construct a light enhanced secondary cell. 
Proposal 1: prioritize study of data-only service supported in the small bandwidth carrier as secondary cell cooperated with a legacy carrier.  
Proposal 2: Consider cross carrier scheduling for aggregation of legacy carrier with small bandwidth carrier, where the control information indicated in the primary cell is corresponding to data transmitted in the secondary cell(s).

Proposal 3: Consider pilot enhancement for small bandwidth carrier as secondary cell.
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Appendix
An additional benefit by crossing scheduling (all control information in the primary cell only) is that the total number of HS-SCCH for supporting the same scheduling flexibility can be reduced, and hence this will help UE’s power saving. An example shows in Figure 5.

· Assumptions:

· UE gets the resource (codes for HS-PDSCH) from one cell as much as possible, and if the resource in one cell is enough for the UE then do not bother another cell. 
· NodeB is apt to transmit data to a UE from the cell with better channel quality, unless the resource in the better cell is not enough
· At most one UE takes up 2 pieces of resource: if two UEs takes up 2 pieces of resource, by exchanging part 1 for one UE with part 2 with another UE, we can always assign resource from one cell for one of the UEs, see Figure 6. And consequently at most one UE takes up 2 pieces. If more than 2 UEs take 2 pieces of resource, we do exchanging again and again until at most one UE takes up 2 pieces.
· Each piece resource assigned for a UE requires an HS-SCCH

· NodeB schedules data for at most 4 UEs at the same time. 

· All the resources (codes) are distributed to 4 UEs.
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Figure 5 illustration of why at most one UE takes up 2 pieces of resource
· Cases: There are 4 cases in total: according to the assumptions
· There are 4 cases in total that how the resources of the two cells are distributed to 4 UEs, shown in Figure 6. 
· Two cells are divided into 5 pieces, 3 UEs gets one piece each while only 1 UE gets two pieces. 
· 5 HS-SCCHs at most are required for NodeB to indicate the 5 pieces of resource

· UE need monitor 5 HS-SCCHs.
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Figure 6 illustration of cross carrier scheduling

· To comparing to cross carrier scheduling equally, we should assume NodeB have the same scheduling flexibility in this case, i.e. NodeB can scheduling any 4 UEs at the same time. Then for independent controlling, UE need to monitor 4 HS-SCCHs in each cell and hence need to monitor 4*2=8 HS-SCCHs in total.
Generally, UE need monitor 2*K HS-SCCHs in the case of independent scheduling, while K+1 HS-SCCHs in the case of cross carrier scheduling, for supporting scheduling any K UEs at the same time. To reduce the complexity, Release 8 DC-HSDPA only allowed UE to monitor 2*3=6 HS-SCCHs in total, which implies the NodeB can schedule any 3 UEs at the same time, while with cross carrier scheduling, NodeB can schedule any 5 UEs. In other words, given the same number of monitored HS-SCCHs, cross carrier scheduling has much more better flexibility.
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