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1 Introduction
During RAN#58, a study item (SI) was initiated on Scalable UMTS [1]. The justification is that in UMTS FDD, only a 5 MHz channel bandwidth is defined, which may limit the deployment of UMTS when the available spectrum is less than 5 MHz or not a multiple of 5 MHz. An example of such a scenario is when frequency resources are re-farmed from legacy systems. Introduction of a more efficient spectrum allocation can potentially allow deploying UMTS in such spectrally constrained scenarios. 

In the study item description, the first objective is to:

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 this contribution, we discuss the target scenarios and provide our initial view on the different topics that should be investigated during the study item phase.
2 Discussion

Introduction of Scalable UMTS (S-UMTS) would allow scaling UMTS to significantly smaller bandwidths than 5 MHz, e.g. 2.5 MHz, thereby providing operators additional degrees of freedom when deploying their spectrum. Considering the high standardization effort that might be needed as well as new hardware requirements, it is important to understand the exact use cases of S-UMTS before developing a technical solution.
2.1 Use Cases

In [2] and [3], some target scenarios are discussed and a high level view is provided on how a technical solution could be devised. The following use cases were considered:
· Use case A: Band VIII, 6 MHz spectrum available. If normal 5 MHz UMTS is deployed, there is an unexploited 1 MHz of spectrum.  One operator is interested in optimizing such a deployment to utilize the additional 1 MHz of bandwidth.

· Use case B: Band I, 15 MHz spectrum available. One operator is interested in aggregating more than three carriers in 15 MHz bandwidth by exploiting carrier aggregation more aggressively and reducing the bandwidth of the legacy UMTS carrier (4.2 MHz instead of 5 MHz). The part of the spectrum that is freed up is used for S-UMTS.
To understand which other scenarios than these corresponding to use case A and B are of interest in practical deployments, feedback from other operators is encouraged. It should be noted that new hardware will probably be required to support S-UMTS. Thus, spectrum situation in 3-4 years from now is of interest as this is probably a reasonable time frame for deployment of S-UMTS.

Discussion point 1:
Which target scenarios in the 2016 timeframe are envisioned by operators for S-UMTS?
Standalone carriers are discussed in [2], where the nominal bandwidth is 5 MHz and the chip rate is reduced by a factor N of the original chip rate of 3.84 Mcps, while conforming to the physical layer definition of the normal waveform. For example, in a 1.25 MHz channel bandwidth, the chip rate is reduced by a factor of 4 from 3.84 Mcps to 0.96 Mcps and a fractional waveform is obtained.
Standalone as well as multiple carriers are discussed in [3], where the nominal bandwidth is less than 5 MHz, e.g. 4.2 MHz. It should be noted that for standalone S-UMTS carriers, the control channel overhead will increase or latency will increase. An aggregation mode then most likely needs to be standardized; otherwise new S-UMTS capable UEs will be pushed into a carrier having significantly lower peak rate capabilities or capacity than legacy carriers. This may be unacceptable.
Discussion point 2:
Is there an interest to consider standalone S-UMTS carriers or will these always be deployed in context of carrier aggregation including at least one legacy carrier?
Discussion point 3:
In which bands do the different scenarios occur?

Discussion point 4:
Is the interest mainly related in utilizing unused spectrum whose bandwidth is significantly less than 5 MHz or in re-optimizing spectrum bands being a multiple of 5 MHz? 

We believe that it is important to address the above mentioned aspects before devising a technical solution.
2.2 Proposed Solutions

In this section, we discuss in more detail the technical solutions proposed in [2] and [3]. From the discussion above, it is clear that target scenarios and use cases need to be carefully defined before devising a technical solution. 
2.2.1 Solution in [2]

In [2], all time related physical layer parameters are dilated N times compared to a legacy UMTS system. For example, for N=4, the 10 ms EUL is increased to 40 ms EUL. The latency is thus increased, which impacts the control channel signaling. This will require a re-definition of some of the timing-diagrams. Further, channel estimation/tracking and CQI estimation may have to be re-designed to cope with the increased channel variation. The time dilation also makes aggregation of S-UMTS carriers with legacy carriers very complex.
It should be noted that the legacy chip rate of 3.84 Mcps was defined to allow for a certain guard band. Following the analysis in [2], it shows that the same proportion on guard band is applied to small bandwidth carriers as to legacy carriers. It is however known from LTE studies that smaller bandwidths are more problematic in terms of e.g. filter design as can be understood from the higher amount of guard band used for 1.4 MHz (23%, 6 RBs allocated rather than 7.78 RBs) compared to 5 MHz (10%, 25 RBs max allocated rather than 27.78 RBs). For S-UMTS carriers, the control channel overhead may consume more of the available capacity. It should also be noted that the new carrier will not only impact WCDMA requirements, but also other technologies as corresponding RAN4 requirements may be affected through MSR specifications for the base station (37-series). 
Discussion point 5:
How should guard bands be defined for carriers whose bandwidth is less than 5 MHz? 

It was further mentioned in [2] that the power spectral density (PSD) of the fractional waveform is equal that of the legacy UMTS FDD waveform. This would imply a reduction of total transmit power by a fraction of N. However, it should be noted that the shape of the PSD has implications on RAN4 requirements, such as spectrum emission limits, out of band emissions, intermodulation products, co-existence, etc. Maintaining the PSD would result in similar transmit emission limits as in the case of legacy 5 MHz UMTS FDD. However, possible filter design issues should be kept in mind when designing such systems; a study is needed before assuming that the same PSD can be ensured. This may have a large impact on the definition of core requirements in RAN4, especially for the UE. This can have implications on the baseband requirements and also on the UE Tx and Rx requirements. It is therefore crucial to understand what the minimum guard bands are for the different scenarios to maintain similar RF core requirements as for legacy UMTS FDD. The result of this analysis may affect the physical layer design.
Discussion point 6:
How should the impact on core requirements in RAN4 be minimized?
Changing the bandwidth of the received signal may require front end changes, which can affect the overall performance. Different filters with different design will have different level of selectivity, possible AGC changes, etc.  One company showed that some gains can be achieved under certain conditions, when using a standard UE implementation. However, more analysis and results are needed to take different UE implementations into account.
Note that the solution outlined in [2] does not address use case B. For use case A, 5 MHz+ 1.25 MHz can be aggregated but does not meet the requirement of 6 MHz spectrum.

2.2.2 Solution in [3]

In [3], the RF bandwidth for UMTS is less than 5 MHz, e.g. 4.2 MHz, which might allow to accommodate more than one carrier (e.g. 4.2 MHz + 1.2 MHz) in 6 MHz spectrum. In UMTS, the design of guard bands is however tailored to the 5 MHz legacy UMTS carrier. If the guard band is reduced by 800 kHz, it is possible that the same protection level as defined in the current UMTS specifications cannot be achieved, in particular when almost 55% of the guard band is reduced. It should be noted that UMTS uses RRC chip-filter with roll-off = 0.22.  This requires 4.68 MHz to preserve the Nyquist chip waveform property (no inter-chip self-interference for a flat channel). Any bandwidth lower than this will result in increased inter-chip interference and may cause degraded receiver performance.

Defining a new carrier type that is 4.2 MHz wide will require a large amount of analysis as its characteristics, co-existence requirements, spurious requirements (for standalone carrier as well as carrier aggregation) need to be determined. If the guard band is discovered not to be wide enough, the chip rate will need to be reduced and this will have consequences on the physical layer design. Our view is that the nominal bandwidth for UMTS FDD should be 5 MHz.
Discussion point 7:
Should the nominal (reference) bandwidth of UMTS FDD be less than 5 MHz? 

Packing legacy UMTS carriers more closely will free some portion of the spectrum that can be used for S-UMTS (e.g. 1.2 MHz). It is well understood that this methodology, in principle, may provide system level gains in terms of scheduling flexibility, load balancing, etc. However, care should be taken when decreasing the RF bandwidth. All the RF aspects, such as coexistence/protection, ACLR limits, ACS, blocking limits, etc. are defined considering a 5 MHz channel bandwidth. An analysis of RF Tx and Rx requirements is needed to understand whether the new limits corresponding to carrier aggregation of the new carrier types are sufficient. This requires a large amount of study in RAN 4, which corresponds to defining a completely new UMTS carrier. The results of this analysis may have impact on the physical layer design.
Discussion point 8:
How are the RF aspects impacted by aggregation of UMTS carriers whose bandwidth is less than 5 MHz?

Additionally, it should be noted that the LTE blocking requirements are based on the assumption that 5 MHz modulated carriers or GSM like carriers are the aggressors. When new carrier types with different emission limits compared with the legacy carrier are considered, there may be a need to re-analyze the LTE requirements to introduce new blocker types making sure to cover scenarios when these new carrier types coexist with LTE.
Discussion point 9:
What is the impact of S-UMTS on existing blocking requirements?  

In light of the discussion above, it is clear that a generic solution cannot be determined unless all spectrum related issues are investigated first.
Whichever technical solution will be adapted, it is important to analyze its complexity and evaluate it versus potential gains that can be obtained. In particular, performance should not be degraded for backwards-compatible carriers.
Discussion point 10:
How should the complexity be evaluated versus the potential gain that can be obtained?

Discussion point 11:
What penetration level of S-UMTS capable UEs would be needed to benefit from making a 5 MHz carrier non-backward compatible considering that legacy UEs would not be able to access this carrier?

It should be noted that regardless of chosen solution, there is quite a significant impact on RAN4 specifications and needed effort both on UE and BS side (single RAT and MSR). Hence, it is essential to address the above discussion points.

3 Conclusion
Before starting a detailed analysis of the physical layer aspects, it is important to define clear scenarios and use cases for S-UMTS. In particular, it should be discussed whether there is a need to utilize unused spectrum by using small bandwidth carriers or whether the aim is to re-optimize spectrum efficiency of spectrum portions where legacy UMTS can be deployed (single-carrier or multi-carrier deployments). Sufficient guard bands need to be ensured to limit the impact on existing WCDMA systems as well as other technologies such as LTE and GSM. When evaluating the technical solutions, low complexity is desired, otherwise potential gains will not motivate technically challenging solutions.

The following discussion points should be addressed in the first phase of the study item:
Discussion point 1:
Which target scenarios in the 2017 timeframe are envisioned by operators for S-UMTS?
Discussion point 2:
Is there an interest to consider standalone S-UMTS carriers or will these always be deployed in context of carrier aggregation including at least one legacy carrier?
Discussion point 3:
In which bands do the different scenarios occur?
Discussion point 4:
Is the interest mainly related in utilizing unused spectrum whose bandwidth is significantly less than 5 MHz or in re-optimizing spectrum bands being a multiple of 5 MHz?
Discussion point 5:
How should guard bands be defined for carriers whose bandwidth is less than 5 MHz?
Discussion point 6:
How should the impact on core requirements in RAN4 be minimized?
Discussion point 7:
Should the nominal (reference) bandwidth of UMTS FDD be less than 5 MHz?
Discussion point 8:
How are the RF aspects impacted by aggregation of UMTS carriers whose bandwidth is less than 5 MHz?
Discussion point 9:
What is the impact of S-UMTS on existing blocking requirements?
Discussion point 10:
How should the complexity be evaluated versus the potential gain that can be obtained?
Discussion point 11:
What penetration level of S-UMTS capable UEs would be needed to benefit from making a 5 MHz carrier non-backward compatible considering that legacy UEs would not be able to access this carrier?
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