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1 Introduction

A study item for scalable UMTS was approved in RAN plenary #58 [1]. This contribution discusses UE complexity of scalable UMTS.
2 Discussion
The two tables below are listing the outcome of the scenario discussion in RAN1#72bis.
Table 1 The first deployment scenarios to consider for S-UMTS
	Mode of Operation
	Bandwidth
	Comments
	Bands

	Standalone
	2.5Mhz (corresponds to N=2)
	Support for DCH shall be considered.
	Band VIII as the first band to consider

	Standalone
	1.25Mhz (corresponds to N=4)
	HSPA data only
	Band VIII as the first band to consider

	Multi-carrier
	5MHz + 2.5 MHz (corresponds to N=2)

5 MHz+ 1.25 MHz (corresponds to N=4)
	6 MHz of contiguous band to consider first
	Band VIII as the first band to consider

	Standalone
	2.5Mhz (corresponds to N=2)
	To understand the impact of band
	Band I as the first band to consider


Table 2 Additional scenarios that may be considered

	Mode of Operation
	Bandwidth
	Comments
	Bands

	Multi-carrier
	5MHz + 2.5 MHz (corresponds to N=2)
	For example 3x5MHz + 1x2.5MHz in 15 MHz of band
	Band I as the first band to consider


Scenarios are divided to two cases, standalone and multicarrier operation. At the moment there hasn’t been any discussion about UE capabilities for S-UMTS but maybe it can be assumed that to avoid fragmentation UE would need to support both N=2 and N=4 cases. It is not clear if both standalone and multicarrier support are always required for the UE but maybe S-UMTS multicarrier capability can be tied to other multicarrier capabilities. Hence single carrier UE would only need to support standalone S-UMTS. 
UE complexity has already been discussed in [2] but based on assumption that only S-UMTS standalone case is supported by the UE. Both the legacy and multicarrier S-UMTS have been omitted in analysis.
RF and baseband front end
One example of front end implementation for standalone S-UMTS is shown in Figure 1. Signal can be filtered to the 5MHz/N bandwidth and then reduced sampling rate can be used also in ADC and the rest of the receiver chain. Hence complexity is reduced. On the other hand the same UE would support legacy UMTS as well so savings in HW are not achieved although power consumption may reduce in S-UMTS mode.
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Figure 1 Example of front end implementation for standalone S-UMTS
Example of front end implementation for multicarrier S-UMTS is shown in Figure 2. This example assumes similar frond end implementation as has been used in dual cell HSDPA. This implementation can be used only in case two carrier signals are within the front end sampling bandwidth. That means that carriers should be adjacent or at least nearly adjacent. Carrier C1 has here been assumed to be the legacy carrier and C2 is the S-UMTS carrier. Hence carrier separation for C1 is similar to legacy DC-HSDPA and only rotates signal to base band. Carrier separation for C2 needs to be slightly changed from legacy since the centre frequency of the S-UMTS carrier can be different. Also sampling rate can be reduced here if it is seen to be beneficial for the rest of the receiver chain. Anyway complexity of the HW is roughly the same as legacy if legacy multicarrier is assumed for comparison. Some additional complexity may emerge if tighter filtering is needed though. Naturally there are other ways to implement the receiver front end as well.
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Figure 2 Example of front end implementation for multicarrier S-UMTS
So far the assumption in S-UMTS discussion has been that bandwidth reduction is handled by changing carrier distances within operators own band. Hence additional filtering may not be needed. If it is then there is additional complexity involved. In any case filters are required to support new half and quarter bandwidths.
Baseband detector

Channel estimation and LMMSE processing complexity are reduced when chip rate reduces based on the assumption that channel estimation filter bank will run on reduced sampling rate maintaining the filter length in time, although similar to front end case the same UE probably needs to support legacy UMTS so HW complexity is the same. There is some additional complexity involved for supporting legacy and the two new bandwidths. 

As explained in [4] maybe the biggest impact of S-UMTS to baseband detector is impact to searcher functionality. When doing initial synchronization the UE needs to search using all possible bandwidths, which increases searcher complexity significantly. The same concern is expressed also in [3]. Same applies to neighbour cell measurements but in this case the complexity can be limited by signalling information on possible bandwidths in each band.
The allocation of the fingers in the rake receiver or the decision how to measure the impulse response in the type 3/3i receivers may need some fine tuning for different sampling rates and bandwidths. As slightly tuned algorithms may be needed for different bandwidths this increases at least implementation complexity but maybe not so much the computational complexity.
Baseband decoder

Complexity of HSDPA channel decoder reduces by factor N for S-UMTS carrier.
If time dilation is applied then size of HARQ memory for each process remains the same as legacy. It has not been discussed yet if number of HARQ processes remains the same but again if the same UE needs to support legacy operation then the HARQ memory requirement is defined by the legacy system. 

If time dilation is not applied then HS-SCCH needs to be decoded every TTI as before. Hence the decoding complexity remains the same as legacy. 

Complexity of DCH decoding remains the same as legacy assuming that DCH content remains the same, e.g. data rate of speech call is not affected by S-UMTS.
Transmitter

Uplink of S-UMTS is assumed to be using reduced bandwidth only in standalone case whereas legacy bandwidth is used in multicarrier. Obviously reducing bandwidth reduces transmitter computational complexity; however legacy needs to be supported as well. On the other hand, changing the system bandwidth has impact to transmission filters and possibly PA implementation depending on what is the selected maximum transmission power etc.
One reason why legacy uplink is needed in multicarrier case is the space required in HS-DPCCH to accommodate feedback of dual carriers. Legacy dual carrier formats can be re-used but, assuming time dilation, there is feedback for secondary carrier only in every Nth TTI leading to e.g. new CQI pattern design. Feedback timing for each new carrier combination needs to be defined and timing can be different depending e.g. on how many HARQ processes are assumed to be used.
3 Conclusion
In this paper we have discussed UE complexity of scalable UMTS. The biggest effect to UE complexity is increase of searcher functionality due to the requirement to search all possible bandwidths. Also there is a slight complexity increase since there are now more options to support due to added bandwidths.
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