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1 Introduction
During RAN#58, a study item (SI) was initiated on scalable UMTS [1]. The justification is that only a 5 MHz channel bandwidth is defined for UMTS FDD; this restriction may limit the deployment of UMTS in the case when the spectrum allocation is less than 5 MHz, or not a multiple of 5 MHz. An example of such a case is when frequency resources are re-farmed from legacy systems.
So far, only the time-dilation solution (denoted “time-dilated UMTS” in the following) has been described in the Technical Report on Scalable UMTS FDD Bandwidth [2]. However, an alternative technique called Scalable Bandwidth UMTS by Filtering (denoted “filtered UMTS” in the following) has also been proposed [3]
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[5].
In this contribution, we provide a comparison between the two techniques.

2 Comparison between time-dilated and filtered UMTS
2.1 Main differences
A key difference between the proposals is that with filtered UMTS in principle any bandwidth is possible, while with time-dilation the chip rate of the carriers will be scaled a factor of 2 or 4. Hence, it is fully possible to design a filtered UMTS carrier that targets to efficiently fill e.g. 3 MHz spectrum allocations. For an operator with a 3 MHz allocation it would be of interest to understand the performance potential with a time-dilation carrier of 2.5 MHz (wasting 0.5 MHz of spectrum), and a filtered carrier utilizing the full 3 MHz. 
Note however, that it is expected that there is additional RAN4 work associated with having more bandwidth options, so this bandwidth flexibility may in practice have to be reduced to a few fixed alternatives. However, it would be fully possible to let RAN4 focus on specifying the bandwidth alternatives that has the best potential to meet the operators’ demands, and it is may be so that these bandwidths are not close to 5 MHz divided by 2 or 4.

It remains for further study to determine what the lower limit of the channel filter bandwidth is for reasonable performance with filtered UMTS. However, also with time-dilation performance will be dependent on the actual carrier separation.

Another key difference is that with filtered UMTS there are no changes to air interface timing, while for time-dilation UMTS the entire concept relies completely on changing air interface timing. A lot of consequences of changing air interface timing have been identified in the investigations on time-dilation UMTS. With filtered UMTS these issues can be avoided altogether, e.g.:

· The HARQ RTT will be unchanged. This means that no timer changes related to MAC are expected.

· The RLC RTT will be unchanged. This means that the same RLC parameter setting can be used for both normal and filtered UMTS cells.

· There is no difference to node internal timings, such as control loops etc.

· In case of carrier aggregation, both primary and secondary carriers will have same subframe timing. This is not the case with time-dilation, making this more complicated to specify and implement.

· All carriers will run with 10 ms radio frames, and hence the SFN clocks will be running at same speeds in different cells. This means that there is no change to concepts relying on SFN and CFN timings. With time-dilation, there are issues connected to e.g. SFN-SFN SFN-CFN time difference measurements that use SFN as reference, which will lead to additional specification impact.
A side effect from the unchanged radio frame duration with filtered UMTS is that all RB combinations defined in TS 34.108, TS 25.331 and TR 25.993 can remain unchanged with filtered UMTS. The mapping of specific bit rates to the physical channels is identical to normal UMTS. In the case of time-dilated UMTS the time-dilation the need to keep the absolute bitrate on the SRB will lead to new RB combinations being defined. In addition, with time-dilation the mapping of speech requires changes, due to the fact that the speech codec frame duration is 20 ms. With N=2 dilation the number radio frames in a TTI needs to be reduced, while for N=4 dilation more complex mappings of two 20 ms speech frames into one 40 ms radio frames is required. With filtered UMTS all these complications are avoided. It is not only the specification effort that is significantly reduced in this area with filtered UMTS, but there are also benefits for the RNC since there is no need to let it handle completely different sets of parameters for RB mapping on different types of carriers, and reconfigurations between different speech mappings can be avoided. Also testing of UEs is expected to be simplified due to the reduced number of RB combinations to verify.
Another issue discussed for time-dilated UMTS is the BCH capacity, where the absolute bitrate would need to be maintained even under time dilation in order to not decrease SIB capacity and/or SIB acquisition times. In this area there would be no problem with filtered UMTS, since the existing P-CCPCH mapping could be kept with same absolute bitrate, so SIB capacity and acquisition time is equally fast as normal UMTS for adequate P-CCPCH power settings. 

One side effect of the time-dilation is that with longer TTIs latency tends to increase. It has been identified that with time-dilation random access procedure will take twice the time, cell search will be slower, ping times will increase, download time of web pages will increase etc. The unchanged radio frame timing of filtered UMTS will avoid these negative effects on latency. Note however that, similar to time-dilation, filtered UMTS will suffer from lower burst rates due to the inherently lower bit rate supported on the carrier and thereby worse end-user perception of latency.
With filtered UMTS, the baseband processing in UE and NodeB can be kept unchanged compared to normal UMTS [4]. This is a very large simplification compared to time-dilation where the time dilation impacts many parts of the transmitter/receiver chains in baseband. Filtered UMTS will however require a changed channel filter, but that is no different to time-dilation that also requires a new channel filter. So it would appear that the radio impact is similar between the two solutions, while there are major benefits for filtering over time-dilation when considering baseband impact.
Since there is no need for new channel structures, no changed timings etc, it can be expected that filtered UMTS will have a very small (if any) impact on RAN1 specification. The specification impact for time-dilation is quite substantial, see section 7.1.5.1 in [2]. It seems reasonable to assume that the unchanged L1 baseband processing would also lead to smaller specification effort in RAN2/3 for filtered UMTS compared to time-dilation. Also RAN5 should see benefits with filtered UMTS over time-dilation, e.g. since there is no need to define new RB combinations in 34.108.
Since filtering works in a completely different way than time-dilation, different characteristics can be expected. Further studies are needed to be able to conclude on performance and comparison with time-dilation.
With time-dilation, a reduced peak rate comes automatically. In contrast, with filtered UMTS the bitrate you can transmit is the same as with normal UMTS, since you have access to the same channelization code combinations and modulation possibilities while maintaining the chip rate. However, from a performance perspective transmitting such high rates can be a very bad idea since the self-interference from the aggressive filtering procedure will lead to high Ec/No requirements. Hence, there may be impact on the EUL scheduler to avoid rates that can lead to problems. Until further studied one should not rule out some changes to the HS scheduler / link adaptation in downlink as well.
2.2 Similarities
There are also many similarities between filtered and time-dilated UMTS:

· Both solutions lead to more complicated RRM handling in RNC, due to the introduction of more carrier types and more complicated UE capability handling
· Both solutions introduce an optional feature in the UE, where the feature leads to reduced end user perception compared to normal UMTS. Who will want to buy such feature?

· Both solutions offer lower peak bitrates compared to normal UMTS
· Both solutions offer lower burst rates, which leads to worse end user performance (download times etc)
· Both solutions will, due the lower burst rates on the narrowband carrier, in most scenarios not provide any capacity benefit. To maximize the number of satisfied users in the system, all users should be placed on normal UMTS carriers.

· Both solutions most likely lead to higher battery consumption since the UE will be stuck in CELL_DCH longer time due to lower burst rate (it takes longer time to transfer a fixed amount of bits, e.g. a web page)

· In both solutions there are fundamental changes made to the WCDMA signal, making it likely that it is not possible to implement the feature on all hardware platforms

· Both solutions have similar impact on the power sharing between carriers at site migration, i.e. if a new low bandwidth carrier is introduced in parallel to normal UMTS carriers and no new PA power is installed then the power will have to be shared over all carriers, thereby reducing the power on the normal UMTS carriers
· Both solutions offer reduced positioning accuracy for RTT

· In both solutions there is impact on inter-frequency and inter-frequency measurements, such as possibly increased measurement times, changes needed to LTE and GSM specifications etc
· In both solutions the total UE complexity will be higher compared to normal UMTS, since normal UMTS anyway has to be supported for roaming etc.
· For both solutions there will be massive amounts of RAN4 work on performance requirements

3 Conclusion
A comparison between filtered and time-dilated UMTS was presented. In some aspects there are large differences between the solutions, but in other aspects there are also large similarities.
Further, clearly filtered UMTS avoids some of the drawbacks associated with time-dilation. However, filtered UMTS also comes with some additional challenges, which will require further study.
In general, filtered and time-dilated UMTS share a number of negative aspects that should be taken into account when deciding on a possible work item for low bandwidth solutions for UMTS FDD.

Proposal: If further work is expected on scalable UMTS, the feasibility of filtered UMTS and its ability to overcome some of the main drawbacks of time-dilation and narrow band UMTS in general should be investigated.
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