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Discussion 
1 Introduction
Document [1] submitted to RAN1#74 meeting in August introduced a concept of over-filtering the 3.84 Mcps signal to bandwidth below 3.84 MHz. The contribution provided simulation results with 2.5 MHz channel bandwidth.

This contribution discusses Scalable Bandwidth UMTS by Filtering solution from the perspective of RAN4 requirements.
2 Impact on RAN4 requirements from S-UMTS by Filtering
Scalable Bandwidth UMTS solution by Filtering uses the UMTS FDD physical layer specifications as is, with the only difference being the transmit and receive filters. These filters are scaled down depending on the implementation and have bandwidths narrower than nominal 5MHz. Additional chip-zeroing can be considered to mitigate the ISI caused by narrow band filtering.
Co-existence

It can be assumed that from the antenna perspective both types of narrowed signals (time dilated and filtered) have the same properties – each signal has narrower bandwidth than legacy UMTS signal and can have either the same PSD or the same power level as legacy UMTS signal. Due to that, the same assumptions and areas of investigation on co-existence, specified in section 6.1.6 apply for Filtering solution.

BS transmitter and receiver characteristics

Requirements relevant for co-existence, from the BS transmitter point of view, are Adjacent Channel Leakage power Ratio (ACLR) and Spectrum Emission Mask (SEM). During the study on Time dilation UMTS carrier, RAN4 has conducted initial evaluation considering current UMTS SEM and ACLR requirements. All the conclusions have been captured in section 6.1.6.1 are expected to valid also for Scalable Bandwidth UMTS solution by Filtering.

From BS receiver side, legacy UMTS/LTE BS receiver performance such as Adjacent channel selectivity (ACS) and in-band blocking requirements have been considered in presence of Time dilation UMTS interference because of the closer interference frequency offset from the RF bandwidth edge and possible higher interference PSD level. Relevant observations and analysis have been made and indicated in section 6.1.6.2, which can be assumed to apply to filtered UMTS signal as well.

UE transmitter and receiver characteristics

In case of UE transmitter co-existence requirements, i.e. ACLR and SEM, which have been checked against TS25.101 for time dilated UMTS signal, observations in 6.1.6.3 is expected to be valid for UMTS filtered signal as well.

Similar analysis has been provided for UE receiver requirements against TS25.101, which are ACS and narrow band blocking and captured in 6.1.6.4. Some changes in margin between carriers can be observed in comparison to legacy requirements when time dilated UMTS signal is considered in analysis. This observation and others in 6.1.6.4 are assumed to be valid also in case of UMTS filtered signal presence from the perspective of UE receiver co-existence.

RF requirements

Similarly like in case of co-existence impact, also RF requirements are dependent on channel bandwidth and power/PSD level. During the feasibility analysis for Time-dilation solution for Scalable Bandwidth UMTS it was additionally assumed that the same Tx-Rx separation as in legacy UMTS would be applicable, which should be valid also for Scalable Bandwidth UMTS solution by Filtering. Taking into account already mentioned similarity between time dilated UMTS signal and filtered UMTS signal, it can be expected that impact of Scalable Bandwidth UMTS solution by Filtering on RF requirements would be similar as impact evaluated for time dilated signal.

General conclusions, valid for both Scalable Bandwidth UMTS solutions, are included in 6.1.5.2 and state about the need of further investigations on the range of UTRA Absolute Radio Frequency Channel Number (UARFCN) and channel raster for narrower UMTS signals.

BS transmitter and receiver core requirements

Due to the new channel bandwidths and possible modification of power/PSD level for Scalable Bandwidth UMTS solution by Filtering, most of the BS core requirements are expected to be redefined. Limited impact on BS receiver core requirements is expected in case of multi-carrier operation, when only single uplink transmission on legacy UMTS carrier is assumed.

Section 6.1.5.2.2 summarizes all relevant BS core requirements and indicates which of them would need modifications or further investigation due to potential introduction of Time-dilation solution for Scalable Bandwidth UMTS. It can be assumed that analysis presented in that section is valid also for Scalable Bandwidth UMTS solution by Filtering, with indication that aspects not fully clarified for Time-dilation solution should be further investigated for Filtering solution as well. However, a lot of potential modifications have been already identified, mostly as a new requirements needed for Scalable Bandwidth UMTS signal but also as changes of legacy UMTS requirements. All relevant observations have been captured in Table 6.1.5.2.2-1. 

UE transmitter and receiver core requirements

Due to the same reason why BS receiver core requirements would be impacted in limited range by introduction of Scalable Bandwidth UMTS (UL transmission only on single 5MHz UMTS carrier in case of multi-carrier operation), impact on UE transmitter core requirements would be limited as well. Similarly to BS core requirements, UE core requirements depend on power/PSD level of transmitted signal. In case of UE transmitter requirements particularly important are maximum output power (which depends also on PA characteristics), Cubic Metric (CM) and Maximum Power Reduction (MPR). Most detailed analysis of these and other impacted UE transmitter requirements is presented in section 6.1.5.2.3 from the perspective of introduction of Time-dilation solution for Scalable Bandwidth UMTS.

Majority of UE receiver requirements is expected to be impacted by Scalable Bandwidth UMTS. For both, standalone and multi-carrier operations, introduction of new narrower UMTS signals would impact legacy UMTS requirements and force introduction of new requirements set for Scalable Bandwidth UMTS. Summary of all expected modifications is presented in Table in section 6.1.5.2.3.2. 

For both, UE transmitter and receiver core requirements, conclusions made in 6.1.5.2.3 for Time-dilation solution should be valid also for Filtered solution. 

RRM requirements

UE and BS RRM requirements are defined in terms of physical layer measurement periods/evaluation times and corresponding measurements accuracy to be met under certain side conditions. Measurement periods are strictly connected to chip duration. In case of reduced chip rate the information will be sent over a time period longer than that used in legacy system, assuming the spreading factor remains the same, which requires the same scale of measurement periods dilation to meet legacy RRM requirements. Such conclusions have been covered in 6.1.5.2.4 for UE and BS RRM requirements. It was also indicated that due to increase of measurement periods, additional current consumption may appear.  On the other hand, if the duration of each measurement on Time dilation UMTS carrier is kept the same as on existing UMTS carrier, majority of RRM requirements defined in TS25.133 would be impacted in case of measurements done for time dilated UMTS signal, potentially affecting also RRM conformance tests defined in TS 34.121. These issues are not valid in case of Scalable Bandwidth UMTS solution by Filtering, where chip rate remains the same as in legacy UMTS, however possible ISI caused by reduced filters bandwidth under the same chip rate may have impact on measurement duration and accuracy and therefore  impacts existing RRM requirements. 

Potential impact may be also expected in case of RRM requirements defined under certain side conditions or signal ratio levels e.g. SCH Ec/Io, CPICH Ec/Io, CPICH RSCP, Io levels etc. However, it is desirable to keep these parameters unchanged to ensure the same coverage as in the legacy UMTS. 

Taking the above into account, it can be concluded that Scalable Bandwidth UMTS solution by Filtering is expected to have comparable or lower impact on RRM requirements than Time-dilation solution. However, further investigations should be conducted to draw final conclusions once more details of Filtering solution are known.

Performance requirements

UE and BS performance requirements are defined for particular reference measurement channels and propagation conditions. These two aspects have been analysed during the study on Time-dilation solution for Scalable Bandwidth UMTS due to their dependence on chip rate value and captured in 6.1.5.2.3.3 and 6.1.5.2.2.3 for UE and BS respectively. For channel propagation conditions the path positions have been discussed in particular. In case of propagation channels which are aligned with the chip rate, corresponding channel models for Time-dilation solution may be developed by scaling relative delay according to the chip rate (e.g. multiplied by 2 or 4 for ½ or ¼ chip rate). In principle this should give quite similar performance to the 3.84Mcps performance level since the channel profile is scaled equivalently to the chip rate itself. However, in cases of other multipath propagation conditions, where the path delays are not assigned to chip positions, extension of chip duration will lead to different timing relations between the delay of particular path and chip positions, which may cause different demodulation performance. Since Scalable Bandwidth UMTS solution by Filtering does not change chip rate, it does not require any changes in propagation conditions as well and has no impact on performance requirements from this reason.

In case of reference measurement channels, necessary modifications have been identified for Time-dilation solution at least to spreading factor or information bit rate which scale with the same factor as chip rate and may lead to different performance in comparison to legacy UMTS. Due to that new reference channels would be needed for Time-dilation solution. Similar conclusion can be drawn also for Filtering solution, as channel bandwidth limited by filters would cause lower information bit rate or different power settings for particular channels. However, more detailed analysis would be needed to clarify exact impact of these modifications on performance.

As a conclusion, it can be highlighted that work on potential new performance requirements for Filtering solution should be preceded by discussion on reference measurement channels, since Time-dilation solution requires additionally revision of propagation conditions.
3 Conclusions
This contribution presents general idea of Scalable Bandwidth UMTS solution by Filtering and compares it to Time-dilation solution. Filtering solution uses the UMTS FDD physical layer specifications as is, with the only difference being the transmit and receive filters, which shape the signal to fit to a channel bandwidth below 3.84MHz, without changing typical 3.84Mcps chip rate. That is, the filtering is used to trade off signal quality and occupied bandwidth without increase of air interface latency.

Regarding impact on RAN4 requirements, in case of co-existence and RF requirements, it can be summarized that due to strong similarity between RF structures of time dilated and filtered UMTS signals (narrower channel bandwidth than legacy UMTS signal and scaled power/PSD level), most of conclusions from analysis of Time-dilation solution for Scalable Bandwidth UMTS in regards to co-existence and RF requirements impact captured in TR25.701 should apply also for Scalable Bandwidth UMTS solution by Filtering. From the point of view of RRM and performance requirements, Filtering solution is expected to have lower impact in comparison to Time-dilation solution.

The comparison of both presented in 3GPP solutions for Scalable Bandwidth UMTS shows that Filtering solution is expected to have advantages over Time-dilation solution in terms of user latency experience and lower impact on RAN4 requirements. It should be also noted that extensions of Filtering solution are possible to further improve its performance.
It is further suggested to add the contents of the section 2 in TR25.701, we suggest compiling a single CR to TR25.701 containing all the changes that are agreed in RAN1#76.
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