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1 Introduction
During RAN#58, a study item (SI) was initiated on scalable UMTS [1]. Introduction of a scalable bandwidth UMTS carrier, e.g. 2.5 MHz or 1.25 MHz, can potentially allow deployment of UMTS in spectrally-constrained scenarios, where the available spectrum is less than 5 MHz or not a multiple of 5 MHz. The design of scalable UMTS should meet certain requirements ensuring that the performance is not significantly worse than that of legacy UMTS.
The objectives of the study are:

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.
In this contribution, we elaborate on some of the design aspects that should be considered during the SI phase, and discuss the importance and relevance of various evaluation metrics.  
2 Discussion

Several discussions on the design of scalable UMTS took place during the post-RAN1#72 e-mail discussion [2], and these were later continued at RAN1#72bis. Although progress was made by agreeing a first set of target scenarios, some topics did not receive sufficient attention. Considering the high standardization effort that would most likely be needed as well as new hardware requirements, these design aspects need to be carefully discussed. An overview of topics that should be investigated is provided in [3].
It is not clear which evaluation criteria should be used to assess the potential benefits of scalable UMTS. In particular, it is not clear how the performance of scalable UMTS should be compared with UMTS, GSM and LTE.
Proposal 1: Discuss and agree on the evaluation criteria of scalable UMTS and, in particular, how the performance should be compared with that of UMTS, GSM and LTE. 
2.1 System-Level Simulations

As discussed in [4], the evaluations should mainly focus on system-level simulations, whilst link-level results should serve as input to the link-to-system modelling. It is important to evaluate the performance when employing realistic scheduling schemes taking load balancing into account. In particular, for the carrier aggregation case, it is of interest to study how the traffic is distributed between the legacy- and scalable UMTS carriers, and how the round-trip time and data rate will impact the end-user experience on the different carriers.
Proposal 2: Evaluate the performance when employing realistic scheduling schemes, taking load balancing into account.

As other cells might interfere with the scalable-UMTS-capable UE, it is important to understand the impact of such interference on the performance. In particular, the impact of different cell structures should be considered.

Proposal 3: Evaluate the mutual inter-cell interference on the performance of UMTS and scalable-UMTS-capable UEs. 

Penetration levels considerably lower than 100% should be considered, in order to capture likely migration scenarios for operators. System-level simulations will aid determining how/if the overall capacity is affected when activating an S-UMTS carrier for a subset of the UEs, where this S-UMTS carrier may have a negative impact on the normal UMTS carriers. The overall capacity as well as impact on UMTS capacity, as a function of the load, is of interest.
Proposal 4: Deduce the potential benefits of scalable UMTS from both link- and system-level simulations. Link-level simulations should primarily be used to derive appropriate link-to-system models. The link- and system-level simulations shall capture both downlink and uplink.
Proposal 5: Performance shall be logged per UE type (S-UMTS capable/S-UMTS non-capable) and per carrier. 
To assess the potential benefit of scalable UMTS, the overall spectrum situation should be considered for the interested operators.
2.2 Coverage

The coverage for the S-UMTS carrier should not be reduced compared to the UMTS carrier. When referring to achieving the same coverage with S-UMTS, we refer to achieving the same coverage for the same bitrate. In our understanding, the typical deployment scenario would be to activate an additional S-UMTS carrier alongside already existing 3.84 Mcps carriers in a cluster of NodeBs. This means that, practically, the coverage for the narrow-band carrier needs to match that of the 3.84 Mcps carrier. This is particularly important to consider for the stand-alone carrier as there might be an impact on the power setting of downlink channels, such as P-CPICH and P-CCPCH. Particularly for P-CCPCH, it is expected that the same bit-rate needs are to be provided, irrespective of the bandwidth scaling factor. This should be considered when determining the power allocation needed for different scaling factors. 
The importance of coverage is also highlighted in [6], where it is mentioned that coverage should be extended in coverage areas. Practical aspects, such as equalization and power amplifier efficiency should also be considered. Such aspects need to be carefully evaluated.
Proposal 6: The coverage for the S-UMTS carrier shall not be reduced, compared to the UMTS carrier. The impact of mutual inter-carrier leakage on UMTS coverage should also be investigated.
Proposal 7: Coverage is included as an evaluation metric in the numerical simulations and defined in terms of achieved bitrate. Calculation of coverage shall include practical aspects, such as equalization and power amplifier efficiency.
2.3 Latency

Solutions relying on longer radio frames will introduce larger latency. It is therefore important to model some of the potential implications, including RLC- and application layer effects. With longer radio frames, the round-trip time will increase, which has an impact on the RLC- and TCP protocol performance. Also, L1 feedback loops will be impacted, and hence it is important to model these as realistically as possible, including feedback errors. If no new solutions are devised when mapping RBs and SRBs to the physical layer, the SRB bit rate will be reduced, which can have an impact on retainability. There will also be an added delay at initial cell search; if chip rate is not known, it will be difficult to find the SCH.
It should also be noted that user/application behaviour will most probably not change with bandwidth; hence the transmission bursts most probably cannot be limited to certain packet sizes. 

Proposal 8: Latency shall be considered as a performance metric and shall be included in the technical report (TR).

It is well known that there exist clear connections between TCP performance and the delay/bandwidth of the underlying radio access technology. Hence, it is likely that increasing the HARQ RTT and also the RLC RTT will have some impact on the TCP performance. Increasing latency in radio access protocols is never a good thing, on the contrary the overall trend is to try to decrease the latency and RTT in radio access technologies. In the light of this, we believe it is important to study TCP performance when the underlying HARQ and RLC protocols will be subjected to increased latency. Increased latency can impact both ramp up behaviour which is visible when downloading small data objects, but also steady state behaviour when downloading large files. However, since with S-UMTS the peak bitrate is reduced as well compared to UMTS, we expect that it is the ramp up behaviour and small file download (smartphone data bursts) that is the most important to study.
Proposal 9: The amount of RLC and HARQ re-transmissions shall be logged in the simulations, as well as the impact on packet delay through RAN.

Proposal 10: The evaluation of the full protocol stack (including TCP) shall be provided.

2.4 Residual Frequency Error

A cell phone typically uses a low-cost oscillator with accuracy in the range of 1-10 ppm. After acquiring sync to the network, the frequency error of the oscillator can be corrected to a large extent, leaving a small residual frequency error typically in the range of 0.05 to 0.15 ppm. Such a residual frequency error will be presented to the baseband signal processing unit. Both residual frequency error and Doppler (due to UE speed) cause undesired phase rotation and post challenges for channel estimation and tracking. With time dilation, the effect of residual frequency error is expected to be more pronounced since the phase rotation as a result of frequency error is larger during a longer symbol interval. Though a sophisticated baseband algorithm can be employed to mitigate the performance degradation, we believe that time dilation does in practice introduce a bigger challenge. Thus, for link-level performance evaluation, the impact of residual frequency error should be considered. 
Proposal 11: A residual frequency error of 0.1 ppm shall be included in the simulation assumptions.

3 Conclusion
In this contribution, we discuss some of the remaining design aspects of scalable UMTS. The need for system-level simulations is discussed as well as metrics such as latency and coverage. These aspects should be considered to determine the true potential benefits from introducing low-bandwidth carriers for UMTS.
Proposal 1: Discuss and agree on the evaluation criteria of scalable UMTS and, in particular, how the performance should be compared with that of UMTS, GSM and LTE. 

Proposal 2: Evaluate the performance when employing realistic scheduling schemes, taking load balancing into account.

Proposal 3: Evaluate the mutual inter-cell interference on the performance of UMTS and scalable-UMTS-capable UEs. 

Proposal 4: Deduce the potential benefits of scalable UMTS from both link- and system-level simulations. Link-level simulations shall primarily be used to derive appropriate link-to-system models. The link- and system-level simulations should capture both downlink and uplink.

Proposal 5: Performance shall be logged per UE type (S-UMTS capable/S-UMTS non-capable) and per carrier. 
Proposal 6: The coverage for the S-UMTS carrier shall not be reduced, compared to the UMTS carrier. The impact of mutual inter-carrier leakage on UMTS coverage should also be investigated.

Proposal 7: Coverage is included as an evaluation metric in the numerical simulations and defined in terms of achieved bitrate. Calculation of coverage shall include practical aspects, such as equalization and power amplifier efficiency.
Proposal 8: Latency shall be considered as a performance metric and shall be included in the technical report (TR).

Proposal 9: The amount of RLC and HARQ re-transmissions shall be logged in the simulations, as well as the impact on packet delay through RAN.

Proposal 10: The evaluation of the full protocol stack (including TCP) shall be provided.

Proposal 11: A residual frequency error of 0.1 ppm shall be included in the simulation assumptions.
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