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1 Introduction

During RAN1#76bis, the topic of feature mapping of UMTS features to the scalable UMTS solutions was discussed. This topic has not been addressed to a great degree in the Study Items up to now, and is worthy of some further consideration. This paper reviews the set of UMTS features and considers the relevancy of features to scalable UMTS solutions and the implications of inconsistent feature support on the specifications.
2 Discussion

Since the first release 99 specifications, UMTS has grown into today’s HSPA specifications and evolved considerably in functionality and capability. A number of features of HSPA are mandatory for the UE, whilst others are optional. 
Releases 5 and 6
HSDPA and HSUPA

Although not explicitly stated, it has been an underlying assumption of the scalable UMTS Study Items that a reduced bandwidth carrier should support HSDPA and HSUPA (together with the improved L2). Of course, not supporting these features would considerably reduce the amount of work needed in RAN4 in specifying new demodulation requirements. However from a performance perspective, not supporting HSDPA and HSUPA would even further reduce potential benefits of a reduced bandwidth carrier.
MBMS

MBMS is an optional feature for the UE. It is not apparent that MBMS would need to be supported for a reduced bandwidth carrier

Later releases

MIMO and TX diversity

2x2 D-TxAA MIMO, 4 branch MIMO and TxAA for non MIMO UEs, together with a handful of MIMO enhancements has been introduced in several releases of the specification. It should be noted that for scalable UMTS, the benefits of MIMO schemes may not scale proportionately. MIMO operation incurs an additional control overhead, and since the control overhead remains fixed independent of the bandwidth, the balance of overall gain considering MIMO gain and control overhead will change. For the pure filtered UMTS solution, since ISI impairs achievable SINR at the high end of the SINR range, the relevance of rank 2 operation is likely to be reduced.

For multicarrier operation, cross carrier scheduling with re-use of MIMO mode HS-SCCHs has been identified as an option for reducing the otherwise considerable HS-SCCH overhead on a secondary carrier. Such cross carrier scheduling obviously clashes with MIMO operation, including MIMO operation on the primary carrier and thus the compatibility of multicarrier with MIMO must in particular be considered further.
Uplink 2 antenna transmission and MIMO was introduced into release 11. Similar comments on the impact of control overhead to the overall TX diversity and MIMO gain apply for the uplink; the benefits of UL multi antenna transmission would need to be re-evaluated.

CPC

CPC is an important feature reducing UE battery consumption and network resource overhead. It should most likely be supported by a reduced bandwidth carrier with the same motivation.
Enhanced CELL_FACH

Enhanced CELL_FACH in uplink and downlink improves handling of smartphone bursty traffic. Sharing HS-PDSCH between CELL_DCH and CELL_FACH users enables efficient handling of smartphone traffic with good instantaneous data rates. The need to move users with intermittent packets to CELL_DCH or compromise CELL_DCH code space by using long S-CCPCH TTIs for serving CELL_FACH users is avoided. 

Smartphone users will have the same traffic characteristics for scalable UMTS, with potential increased need for good instantaneous rates in CELL_FACH than in the past. In particular for CZ-FUMTS, the available code space is reduced by a factor of N and thus reserving DL code space for serving smartphone users intermittent data needs using S-CCPCH is more expensive and the enhanced CELL_FACH feature becomes more relevant. It has been noted that enhanced CELL_FACH and the later release 11 enhancements can create a significant loading on the BCH, which may necessitate an extension of BCH capacity for UMTS. The BCH would consume a larger fraction of the overall available resources of a reduced bandwidth carrier. Thus the impact of reduced code space, the need for sharing codes between CELL_FACH and CELL_DCH and the tradeoff with BCH overhead may need further consideration when operating a reduced bandwidth carrier.

Multicarrier

Multicarrier operation has been discussed during the scalable UMTS Study Item. Carrier configurations are a RAN4 issue and imply considerable RAN4 work, however the RAN1 solution could potentially limit the availability of multicarrier; for example if there were to be a cross carrier scheduling solution limiting the applicability of MIMO.
Multiflow

Multiflow was introduced into release 11. Similarly to MIMO, multiflow introduces some additional control overhead (a least in the UL), and the balance of control overhead to system gain for a reduced bandwidth carrier should be further considered

Higher order Modulations

In principle higher order modulations can be supported with a reduced bandwidth carrier. Including support increases the RAN4 specification work. For the pure F-UMTS solution, the benefits of higher order modulations may be reduced and may need some re-evaluation.

3 Impacts of Scalable UMTS feature support
Differing support between UMTS and Scalable UMTS for different features has some generic implications that should be taken into account

Specification diversity and complexity

Differing support between UMTS and scalable UMTS for different features would potentially impact the complexity and diversity of the specifications. If the reduced bandwidth UMTS would be specified within the existing specification series, then the modes of operation and applicability of different features would need to be differentiated, which would be likely to cause significant complexity in the specifications. An alternative would be specifying reduced bandwidth UMTS in separate specifications, however this would increase overhead for specification maintenance.

Evolution paths
Future standardization of new features for UMTS may potentially become more complicated if scalable UMTS is introduced. For example, for each new UMTS feature, an evaluation of the benefit of including the feature into scalable UMTS would need to be evaluated. It should be clear from the initiation of a scalable UMTS RAT whether new features should be always applicable to both, and, for example low gains for scalable UMTS could be a reason for omitting a feature from UMTS.

An alternative would be to decouple scalable UMTS from UMTS and see it as a separate RAT with more limited capabilities and its own evolution roadmap. Specifying different capability levels for UMTS and scalable UMTS should be seen in the light of the overall evolution roadmap. 

Carrier utilization scenarios

If scalable UMTS would be designed as a low capability carrier, then traffic steering algorithms would need to take into account the reduced user experience on scalable UMTS carriers in all cases except full load, in particular considering that it would be new release 13 UEs that would be steered to the less capable carrier.
UE capability signaling

Another consideration should be whether UE capability for optional features should be tied between UMTS and scalable UMTS, or whether capability should be signaled separately. Introducing a new separate set of capabilities for the scalable UMTS carrier could lead to increased signaling, and an explosion of capability combinations that need to be tested, and will cause complications in the RNC’s radio resource management algorithms. On the other hand, tying capabilities would require consideration of the benefits of features for both scalable UMTS and UMTS.
Overheads

As discussed in section 2, the fixed overheads will occupy a larger proportion of the available bandwidth for reduced bandwidth UMTS. Supporting the full release 12 feature set may require extension of the BCH capacity for UMTS. For UMTS, extending the capacity is not an issue since the additional overhead is very low. However the need to scale overhead with a factor 2 or 4 could change the balance of overhead impact to benefits. For other features, the relative impact of specific control channels such as HS-SCCH, HS-DPCCH, RACH preambles etc. will be affected.

Performance evaluation

The performance of time dilated UMTS and scalable UMTS by filtering has been evaluated against UMTS considering a release 6 configuration (i.e. no MIMO, no advanced receivers, no multiflow etc.). Compared with this baseline, time dilated UMTS with a 2.5MHz carrier was observed to provide around 12.5-25% of the capacity of a UMTS carrier (A capacity comparison was not as yet agreed for filtered UMTS). Of course, the evolution of UMTS has aimed to provide increased performance. Thus, against a benchmark of release 12 UMTS, the performance of scalable UMTS will be further reduced.
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Figure 1: Indicative figure of the comparison between Scalable UMTS, release 6 UMTS and evolved UMTS.
This highlights the questions further as to whether scalable UMTS should support release 12 features, what the relative benefits of the features look like, and whether if release 12 features are not supported the intention should be to evolve scalable UMTS or that it always remains a low capability feature.

RAN4 workload

RAN4 workload is extremely high for all types of scalable UMTS. RAN4 workload is also somewhat proportional to the supported feature set. Feasibility and timescale for the specification efforts for scalable UMTS by filtering has to date not been discussed in RAN4, but is relevant to take into account in considering what feature set should be supported.
4 Conclusion

This paper highlights some issues that should be taken into account in any discussions on the feature set supported by scalable UMTS. At the core of the considerations is the need to decide whether scalable UMTS is intended to exist as and always remain a low capability RAT that provides a small capacity boost, or a RAT that should evolve into the future and support the same complex feature set as UMTS.

In regard to features, some issues to take into account include:

· The relative benefits of MIMO considering increased signaling overhead

· Cross carrier scheduling for multicarrier and it’s relation to MIMO support
· The overhead vs benefit of Enhanced CELL_FACH support

· The overhead vs benefit of multiflow support

Some general issues to consider include:

· The degree to which scalable UMTS and UMTS features should be tied

· How capability signaling should be managed, considering signaling and test overhead

· Impacts on the overall benefit of scalable UMTS and carrier management of not supporting all UMTS features

· Specification complexity and management

· Standardisation effort, in particular in RAN4


2/4


[image: image1]