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Discussion
1. Introduction

A new study item S-UMTS (Scalable UMTS) was agreed in RAN#58 meeting [1]. The main purpose of S-UMTS is to make use of available contiguous spectrum less than 5 MHz or not a multiple of 5MHz, as in many cases the available frequency resources owned by operators worldwide cannot accommodate 5MHz UMTS FDD, especially when frequency resources become available from displaced/re-farmed legacy systems.
It was advised in [1] that new elementary carrier type other than legacy 5MHz carrier could be introduced to support scalable bandwidth by applying UMTS FDD, in which possible optimization can be considered. The objective of the SID [1] is listed below. 
	· Identify the target scenarios for scalable bandwidth support in UMTS, including suitable bands, channel bandwidths (less than 5MHz), multi-carrier combinations, type of services to be supported (e.g. voice, voice and data, data only)
· Identify single carrier deployment scenarios 
· Identify multiple carrier deployment scenarios
· Identify applicable bandwidth options for available channel bandwidth in different target scenarios
· Identify and evaluate the benefits and technical complexity of candidate solutions. For example, following solutions could be considered
· solutions that reuse UMTS FDD radio access protocols and procedures as much as possible
· solutions with light enhanced secondary carriers with scalable bandwidth (e.g. data-only, cross carrier scheduling, overhead reduction, separated data/control signalling)
· When evaluating candidate solutions, the following aspects should be considered
· Spectral efficiency, including comparison relative to 5 MHz UMTS bandwidth
· Link efficiency, e.g. for voice and/or other target services 
· End user performance, including latency, average and cell-edge throughput 

· Analyze impacts on network side, UE side and specifications.


This contribution focuses on the target scenarios for S-UMTS, and also provides initial considerations on the potential solutions and impact of S-UMTS.
2. Discussion
2.1 Bandwidth distribution of operators
Figure 1shows the distribution of bandwidth owned by operators in 900MHz for instance. It can be observed that the available frequency allocations owned by many operators worldwide (217 out of 282) have a bandwidth of less than 5MHz or not multiple of 5MHz. Without a new type carrier, theses bandwidths cannot be fully utilized by UMTS FDD. Consequently, the introduction of S-UMTS would enable operators to deploy UMTS systems in such band allocations. 
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Figure 1: Bandwidth distribution of operators in 900MHz
Example: 

It was indicated in [3] that China Unicom has 6M bandwidth in Band VIII and 15M bandwidth in Band I, illustrated in Figure 2. A requirement was raised that 6M bandwidth in Band VIII may be considered for UMTS deployment to offer high data access and extend the network coverage compared to UMTS in band I. One concern would be that legacy UMTS deployment cannot fully utilize 6M bandwidth and therefore a support of flexible bandwidth for UMTS would be expected.
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Figure 2 Band I and Band VIII frequency resources of China Unicom
2.2 Scenarios of S-UMTS
In this section S-UMTS target scenarios are discussed, including the issues captured in the SID: 
· Identify the target scenarios for scalable bandwidth support in UMTS, including suitable bands, channel bandwidths (less than 5MHz), multi-carrier combinations, type of services to be supported (e.g. voice, voice and data, data only)
· Identify single carrier deployment scenarios 
· Identify multiple carrier deployment scenarios
· Identify applicable bandwidth options for available channel bandwidth in different target scenarios
In S-UMTS, two fundamental bandwidths can be considered, i.e. normal bandwidth and small bandwidth. For multi-carrier combinations, aggregation of normal bandwidth cells and small bandwidth cells, and aggregation of small bandwidth cells only, can be considered. For supported service types, all services and data only service can be considered. Depending on the channel bandwidth, multi-carrier combinations and type of services to be supported, S-UMTS scenarios are summarized in Table 1. 
Table 1 S-UMTS Scenarios
	Scenarios
	Combination of carrier types
	Support service
	Illustration

	1
	Single Small bandwidth cell
	All services
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	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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	3
	Aggregation of Small bandwidth cells

	Scenario 3A: Small carrier with Light Small carriers
Primary cell: All Services

Secondary cell(s): Data only
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	Scenario 3B: Small carrier with Small carriers
Primary cell: All Services

Secondary cell(s): All Services 
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	4
	Aggregation of Normal bandwidth cells

	Primary cell: All Services

Secondary cell(s): Data only
	[image: image8.jpg]





Note 1: in the illustrations, the bandwidth for normal cell can be relaxed to 4.2MHz from 5MHz. 

In the case where an operator has less than 5 MHz in the 900 MHz spectrum, a small bandwidth carrier has to be supported, either in a standalone way or in a non-standalone way and aggregated with a legacy primary carrier. Meanwhile we cannot ensure that there is always coverage from a legacy primary carrier deployed in parallel (coverage at 2 GHz is worse than 900 MHz). Therefore the standalone support of the small bandwidth carrier is needed.
For a bandwidth no more than 5MHz, both Scenario 1 and Scenario 3 can be deployed. Considering the complexity of multi-carrier operation and the fact that current UE is able to handle 5MHz system which implies that it should be able to handle systems below 5MHz, it is recommended to prioritize Scenario 1. For Scenario 1, this cell should be a standalone cell, i.e. it should provide access link, and supports voice and data service. Note that only new category UE can access this cell.
Even for a bandwidth more than 5MHz, it is also possible to pick out a fraction bandwidth to deploy a standalone small bandwidth cell by operators. 
Proposal 1: Standalone Single Small bandwidth cell (Scenario 1) shall be supported and studied with the highest priority. 
For a continuous bandwidth more than 5MHz, multi-carrier operation is possible. Although it is possible to deploy Scenario 3 in principle, since only new UEs can access the small bandwidth cell(s) and the new UEs would be not dominant in the near future, it is preferred to consider scenario 2 for the sake of backward compatibility. For instance, the 6MHz frequency owned by China Unicom in 900MHz, i.e. band VIII, may be used to deploy 5MHz+1.25MHz (by reduce some guard bandwidth, turned out to be 4.8MHz+1.2MHz).
When a small bandwidth cell is cooperating with a normal cell, it is recommended to use normal bandwidth cell as primary cell. In this case, most of the functionalities of legacy UMTS could be kept 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 a so-called light enhanced secondary cell with an enhanced spectrum efficiency that would be highly desirable in particular for small band allocations. Therefore it is proposed to prioritize Scenario 2A for the non-standalone case with carrier aggregation.
Proposal 2: Aggregation of a legacy cell and small bandwidth cells shall be studied.
Proposal 3: For the case of aggregation with a legacy cell, we propose to prioritize studies of a non-standalone small bandwidth cell with high spectrum efficiency supporting only data services (scenario 2A: Normal carrier with Light Small carrier). 
Proposal 4: In Scenario 2A, the study of further enhancements of the small bandwidth cell can focus on: which channels could be removed, introduction of cross carrier scheduling and pilot enhancement.
In order to support small bandwidth, one option would be to scale down the legacy 5MHz bandwidth with a scaling factor of 2^n, with the advantages of easy UE implementation. 
Meanwhile, considering the fact that large scaling factors would result in significant performance impact and that the number of newly introduced bandwidths should be limited from a testing point of view, a limited number of scaling factors should be considered. In addition, for Scenario 1, delay sensitive services, like voice, should be supported in the standalone small bandwidth cell, which means smaller scaling factor would be preferred. For Scenario 2A, since delay sensitive services can be supported in legacy UMTS carrier, relatively large scaling factors would be allowed. Therefore we propose to study the scaling factor N=2 for Scenario 1, and for Scenario 2A at least the scaling factors N=2 and N=4, whether other scaling factors shall be considered is FFS.

Proposal 5: For Scenario 1, a small bandwidth cell with a chip rate of 1/2 times the legacy UMTS chip rate shall be studied. Whether other scaling factors shall be considered is FFS.
Proposal 6: For Scenario 2A, a small bandwidth cell with a chip rate of 1/2 or 1/4 times the legacy UMTS chip rate shall be studied. Whether other scaling factors shall be considered is FFS.
Regarding the number of carriers in multi-carrier case, it is straightforward to re-use the current principle that up to 8 carriers shall be supported in downlink. 

In the case of standalone Scenario 1 deployment in downlink, a deployment of single small bandwidth cell in uplink will be needed. In the case that S-UMTS supports a bandwidth not a multiple of 5MHz, it will result in unused uplink bandwidth resource if a UE only supports legacy HSUPA or DC-HSUPA. For example, Scenario 2A with 5MHz+1.25MHz*3 is deployed in DL while only 5MHz bandwidth is deployed in UL. A straightforward way would be that UE can support similar multi-carrier combinations in Uplink as in Downlink. However, considering the DL/UL data rate imbalance, UE maximum power restriction and complexity of multi carrier operation, it would be proper to reuse the principle that up to 2 carriers shall be supported in UL. 
Proposal 7: Up to 8 carriers aggregation shall be studied in S-UMTS downlink. Standalone Single small bandwidth cell and aggregation of one legacy cell and one small bandwidth cell shall be studied in S-UMTS uplink. 

2.3 Potential solutions 
Two candidate options can be considered for small bandwidth UMTS, summarized as below with advantages(+) and disadvantages(-): 

· Option 1 (Extended TTI): Reduce the chip rate to 1/N of legacy UMTS and scale the time related parameters to N times of legacy UMTS. 

+
Most of the physical layer protocol can be kept. 
- Increase CQI report delay and HARQ delay, and decrease power control rate. 
· Option 2 (Fixed TTI): Reduce the chip rate to 1/N of legacy UMTS and keep the time related parameters unchanged as legacy UMTS.

+ The delay and timing can be exactly the same as legacy UMTS.

- The physical layer protocol will be changed to reflect that there are fewer chips contained in one time unit.
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Figure 3 Extended and fixed TTI for small bandwidth cell

2.4 Impacts of S-UMTS
Several potential RAN4 impacts can be foreseen by the introduction of S-UMTS, such as RRM measurements, mobility issues including cell selection, EVM, RF Spectrum emission and so on. 

There is one concern that it requires more RF chains for the transmitter and receiver to support multi small bandwidth cells comparing to a normal bandwidth cell. Potential solutions to reduce the number of RF chains could be considered. One possible way is to do some transform in the baseband instead of RF, and go through a single RF chain for the transformed signals.
3. Conclusion
Based on bandwidth statistics of operators in 900MHz, support of S-UMTS would significantly improve the bandwidth efficiency. A general discussion on the possible impact of scalable UMTS solution is given. Target scenarios for S-UMTS have been analyzed. It is proposed.
Proposal 1: Standalone Single Small bandwidth cell (Scenario 1) shall be supported and studied with the highest priority. 
Proposal 2: Aggregation of a legacy cell and small bandwidth cells shall be studied.
Proposal 3: For the case of aggregation with a legacy cell, we propose to prioritize studies of a non-standalone small bandwidth cell with high spectrum efficiency supporting only data services (scenario 2A: Normal carrier with Light Small carrier). 
Proposal 4: In Scenario 2A, the study of further enhancements of the small bandwidth cell can focus on: which channels could be removed, introduction of cross carrier scheduling and pilot enhancement.

Proposal 5: For Scenario 1, a small bandwidth cell with a chip rate of 1/2 times the legacy UMTS chip rate shall be studied. Whether other scaling factors shall be considered is FFS.
Proposal 6: For Scenario 2A, a small bandwidth cell with a chip rate of 1/2 or 1/4 times the legacy UMTS chip rate shall be studied. Whether other scaling factors shall be considered is FFS.
Proposal 7: Up to 8-carrier aggregation shall be studied in S-UMTS downlink. Standalone Single small bandwidth cell and aggregation of one legacy cell and one small bandwidth cell shall be studied in S-UMTS uplink.  
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