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Discussion/Decision
1. Introduction

In RAN1#72, it was agreed that two primary candidate scenarios for S-UMTS were to be considered:
· 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)
This contribution provides the solution for standalone S-UMTS and an initial performance analysis.
2. Discussion
2.1 Design Target
When designing the solution for stand-alone S-UMTS, the following aspects shall be considered as in the S-UMTS SID [1]:
· 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)

For the standalone S-UMTS, all existing physical channels shall be supported to maintain all the functionalities on the single carrier with reduced bandwidth, including access, R99 transmission, HSPA transmission, measurements and so on. It is expected to reuse the UMTS PHY protocol as much as possible for the sake of reduced complexity, which may further result in quick standardization and commercialization, especially important for the scenarios that the frequency resources are coming from GSM refarming.
2.2 Time Dilation Solution
The time dilation scheme (see Figure 1) with changing chip rate for the small carrier proposed in [2] seems an appropriate candidate scheme which fully meets the design target of reusing UMTS FDD PHY layer design as much as possible.
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Figure 1: Time dilation solution for standalone S-UMTS
In the time dilation scheme, a time unit interpreted by an S-UMTS UE is N times as long as in legacy UMTS system. An S-UMTS UE follows the existing PHY specification with the only exception that it works in a time dilated system. Since the relevant standalone S-UMTS scenario considers N = 2, the time dilation scheme will also consider N = 2.  
2.3 Analysis of Time Dilation Solution
When evaluating S-UMTS solutions, the following aspects should be considered as in the SID:
· 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
Considering the aspects already in the SID, it can be seen the S-UMTS solutions can be evaluated at least from the following aspects:
· Reuse of radio access protocol and procedures
As analyzed above, the time dilation solution has an advantage of maximum reuse of existing PHY specifications.
· Spectral efficiency
In S-UMTS, wireless signals will be transmitted in a reduced bandwidth, where a relative frequency flat channel will be experienced. In this case, inter tap interference will be mitigated in high geometry since less taps can be seen by the UE. In addition, for time dilation scheme, it can further exploit the time diversity gain while maintain the same level of interleaving gain.

Simulation results [3] show that S-UMTS can provide similar spectral efficiency as legacy UMTS.   
· Link efficiency
Link efficiency generally refers to the amount of overhead required to transmit a given amount of user data. If voice service is considered, since there is no overhead for CS voice, the link efficiency for voice in S-UMTS is the same as in legacy UMTS. If data service is considered, since the amount of data is the same in S-UMTS as in legacy UMTS (the TBS is the same), the overhead is generally the same.
· End user performance including latency, average and cell-edge throughput
End user performance is analyzed based on different aspects, including signalling and Data.
· Signalling
For time dilation scheme, signalling latency caused by air interface would be scaled up to 2 times as long as legacy UMTS. This would be acceptable for some types of signalling which are not delay-sensitive. However, for some types of signalling which are delay-sensitive, e.g. SIB 7, the latency may be improved by implementation, e.g. transmitting with small periodicity for SIB7.  
· Data
Similarly, in time dilation scheme data transmission latency caused by air interface would be scaled up to 2 times as long as legacy UMTS. This would be acceptable for some types of data traffic which are not delay-sensitive. However, for some types of data traffic which are delay-sensitive, the latency can be improved by reducing the maximum number of re-transmissions.
The spectral efficiency of S-UMTS, as aforementioned, is similar as legacy UMTS. Considering an S-UMTS cell serving 1/2 users of UMTS cell, the UE average throughput would be similar, as well as the cell edge UE throughput, which can be also observed from [3].  
The performance analysis of the time dilation solution is summarized in Table 1.
Table 1 Analysis of S-UMTS time dilation solution
	Performance Aspects
	Conclusion

	Reuse of radio access protocol and procedures
	Excellent

	Spectral efficiency
	Similar as legacy

	Link efficiency
	Similar as legacy

	End User Performance
	Signaling:
Latency:  About 2 times over air interface. Can be further improved.     

Data:
Latency:  About 2 times over air interface. Can be further improved.
Average Tput:   Similar as Legacy

Cell Edge Tput:  Similar as Legacy


3. Conclusion
In this contribution, time dilation solution is proposed to meet the design target of standalone S-UMTS. The performance of time dilation solution is analyzed from aspects including reuse of radio access protocol and procedures, spectral efficiency, link efficiency, end User Performance. It is proposed
Proposal 1: The time dilation solution should be further considered for the standalone case.
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