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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.
The following TP captures some potential conclusions that can be made on time-dilated UMTS, based on link and system level simulations, latency analysis, analysis of UE and system impacts and analysis of specification impacts. 

Filtered UMTS has been proposed later in the SI as a means to overcome some of the problems (e.g. standardization complexity, implementation complexity in the Node B and UE, excessive latency, impact to network control loops etc) with regard to time- dilated UMTS. The SI has not had time to properly evaluate the feasibility of filtered UMTS, however it should be mentioned in the conclusions as a potential alternative that has received some attention.
The proposed text should be added to Chapter 8, Conclusions, of the Technical Report [2]. 
2 Text Proposal
[------------------------------------------ NEW TEXT START ----------------------------------------------]
8 Conclusions
The study item has studied a proposal on time-dilated UMTS as a means of transmitting in smaller bandwidths as as one possible technology for replacement for GSM/GPRS/EDGE in these bandwidths.
 
The study on Scalable UMTS FDD bandwidth focused on the following deployment scenarios:

· Standalone

· Bandwidths with scale factors N=2 (2.5 MHz) and 4 (1.25 MHz) were considered with the N=4 case being considered only for HS data traffic.

· Multi-carrier 
· Carrier aggregation with an UMTS carrier was also considered where the secondary carrier was either N=2 or N=4; i.e. a total of 7.5MHz or or 6 MHz of bandwidth
The scenarios above were studied in Bands VIII and I. A more detailed description of the deployment scenarios is provided in Section 5.2.
The following solutions for Scalable UMTS were proposed during the study:

· Time Dilation

· In this solution, the UMTS chip rate is scaled by a factor of N which results in a smaller bandwidth. The TTI length increases by a factor of N as a result while other aspects such as number of HARQ processes, retransmissions, coding, etc. are unchanged. More details on time-dilated UMTS can be found in Section 7.1. In this TR, this solution is referred to as time-dilated UMTS. Time dilated UMTS aims to improve performance by increasing latency.
· Scalable UMTS by Filtering

· This solution achieves a lower bandwidth by modifying the RRC filter to match the target bandwidth. All other aspects of the UMTS transmit and receive chains were unchanged. Additional details can be found in Section 7.2. Scalable UMTS by filtering experiences larger Inter Symbol Interference than normal UMTS.
· Scalable UMTS by filtering and chip zeroing / Spreading factor dilation
· This solution mitigates the inter symbol interference experienced with filtered UMTS,  by zeroing all chips except every Nth chip of the 3.84Mcps UMTS signal. Thus, the solution reduces the size of the OVSF code tree by a factor N.
In the standalone case, if an operator has a 5MHz UMTS carrier available that is not fully loaded, it is better to map users to the 5MHz carrier, since the users will experience better throughput on 5MHz than 2.5MHz. In the multicarrier case, multicarrier users can benefit from increased throughput; the extent of the benefit depends on the bandwidth and the penetration level of multicarrier users. Strategies (e.g., incentives) need to be developed and executed by an operator that will ensure a good penetration of time-dilated UMTS capable UEs
Downlink link level simulations have indicated that, for standalone (depending on channel conditions):

· At a cell edge geometry (-5dB),  time-dilated UMTS throughput is around 33-48% of normal UMTS throughput.
· At a median geometry (5dB), time-dilated UMTS throughput is around 37-48% of normal UMTS throughput

· At a high geometry, near the cell centre, time-dilated UMTS throughput is around 44-50% of normal UMTS throughput.

However, when using a normalized throughput which corresponds to spectral efficiency, the performance of time-dilated UMTS was between 75% to 100% of the spectral efficiency of UMTS .
Uplink link level simulations were performed, for one Rx EbNo value for each of the HARQ operating points of 1% BLER after 4 transmissions and 10% BLER after 1 transmission.

When DCH traffic was considered on the downlink, N=2 standalone time dilated UMTS provides equivalent spectral efficiency as normal UMTS system (i.e. time dilated UMTS requires approximately 3dB higher Ec/Ior for the same data rate). The solution for DCH traffic is described in Section 7.1.1.3. It is ensured that the latency requirements for DCH transmission in time dilated UMTS match that of normal UMTS.
Downlink system level modelling indicates that in bursty traffic in low load scenarios, the downlink burst rate of time-dilated UMTS N=2 is in the range 4-10% less than half that of UMTS. For the case when N=4, the burst rate is in the range 4-7% less than a quarter of that for UMTS at low loads. The simulation results in Pedestrian A indicated that an additional 2.5MHz may provide up to 25% extra capacity in Band VIII or 15% in Band I, assuming a minimum user burst rate of 1Mbps. Full buffer simulation results comparing time dilated UMTS and UMTS spectral efficiencies are in Section 7.9.2. It should be noted the receivers assumed for the simulations performed were optimized for the UMTS carrier. Further receiver optimizations for time-dilated and filtered UMTS are possible.
Uplink system level evaluations were not performed, and therefore no conclusions can be drawn on this aspect. 
In carrier aggregation scenarios, where there are no legacy users (i.e. all users are capable of carrier aggregation, including between carriers of unequal bandwidths) the performance can improve by around 50% as expected for bursty traffic assuming that the available bandwidth is 7.5 MHz. The performance gains with no legacy users when a UMTS carrier is aggregated with a time-dilated UMTS N=4 carrier are around 25% for bursty traffic models if the available bandwidth is 6 MHz or more. The simulations assumed that all the UEs were capable of carrier aggregation. Due to the HARQ RTT differences between the two carriers, a latency difference by a factor of N (resulting in a difference of up to tens of msec when considering HARQ retransmissions) in MAC PDU delivery with carrier aggregation should be taken into account.
Unlike other DC schemes, with less than 100% penetration, legacy users can only be mapped to one of the carriers; system simulations with intermediate penetration levels were not conducted.
Maximum HARQ RTT, considering a usual operating point of 3 maximum retransmissions in the worst case is increased to 72-96 msec for N=2 and 144-192 msec for N=4. For practical web browsing tests conducted in a lab, the download times for time-dilated UMTS were comparable to UMTS at high geometries but increased as the geometry decreased until it was approximately twice at low geometry conditions. This can be considered to be representative of user experience. For example, the Amazon Web page download time for Time Dilated UMTS N=2 is approximately double that for normal UMTS (i.e. 4s for UMTS to 8s for time-dilated UMTS) at very low geometries whereas at medium to high geometry conditions, the Amazon Web page download times for both systems are the same. For very large web pages, the latency increases were estimated to be several tens of seconds for low/medium geometries (i.e., a higher number of MAC PDUs per IP packet). Additional details are provided in Section 7.1.7.1. The user plane latency on the uplink can be mitigated by utilizing the excess power available on the uplink as long as the system not interference limited; i.e. power may be applied within the UL RoT budget. However, such mitigating techniques may have a corresponding impact on capacity.

The UE complexity for the time-dilation solution was shown to be lower than normal UMTS for a low capability UE supporting only time dilated UMTS and not normal UMTS. However, it may be justifiable to assume that time-dilated UMTS UE would need to also support normal UMTS, in which case there would be no complexity reduction. Since the chip rate is a very fundamental parameter in any CDMA system, it is not unlikely that the hardware impact can be very large for certain implementations. It is also possible that other implementations offer the possibility to change the chip rate quite flexibly.
In CELL_FACH, the amount of UE on time required per UL or DL event increases with time dilated UMTS by a factor of around 2, and the efficiency of DTX/DRX for reducing modem power consumption is reduced. Further, due to the lower burst rate of a time-dilated carrier, the total time the UE spends in CELL_DCH to transfer a certain amount of bits will be higher with time-dilated UMTS than normal UMTS depending on the relative loading of UMTS and time-dilated UMTS which may also have a negative impact on modem power consumption. However, the overall UE battery life impact is determined by the ratio of the time spent in CELL_DCH state to the time spent in non CELL_DCH states including Idle mode. 
The signalling latency was analysed in Section 7.5 and it was shown that the call setup delay would not increase significantly if mitigating factors were taken into account (e.g., scaling SF by 1/N in order to maintain the same bitrate as normal UMTS). However, if no changes are made, the delay increases for time-dilated UMTS N=2 and N=4 by a factor of 2 and 4, respectively over the air-interface and the feasibility of this approach depends on implementation. The backhaul and network delays remain the same for both time-dilated UMTS and normal UMTS. 

Analysis of control plane latency assumed that the P-CCPCH is scaled such that access latency is not impacted, at the cost of increased control overhead.

Coverage was compared between time-dilated UMTS and UMTS by evaluating the Maximum Allowed Path Loss (MAPL) for a particular effective data rate in both networks. 

The analysis for voice indicated that time-dilated UMTS will have around 1dB lower coverage than normal UMTS if the same carrier power is assumed. For E-DCH, time-dilated UMTS provides similar coverage to normal UMTS if same PSD is assumed, and a 3 dB higher coverage when same carrier power is assumed. 
When CPC is considered, the link efficiency for time-dilated UMTS was shown to be comparable to UMTS (i.e. throughput is scaled down by 1/N). Additional details on the simulation assumptions and the results are provided in Section 7.1.4.5.1. The impact to UE battery life was evaluated by analyzing the on-time percentage of the UE when CPC is enabled. 

When in CPC DTX/DRX, it was found that for  single TTI  packet sizes and when the UE is transmitting/receiving continuously (e.g. streaming), there was no increase in on-time percentage at the UE. However, in web browsing scenarios when the UE transmits bursts of several TTIs, an increase in the on-time percentage of around 9% on the DL and 6% on the UL per event (corresponding to a scale factor of 1.5 for N=2) was observed.

An analysis on impact and workload in RAN1, 3, 4 and RAN5 is provided in Section 7.1.5. In particular, many aspects of RAN1 and most core and performance requirements, and potentially RRM impacts, need to be revisited in RAN4, and RAN5 will need to address corresponding test cases as well as revisit the SRBs. Depending upon the signalling mechanism used to differentiate time-dilated UMTS from normal UMTS, the RAN2 specification impact could be medium/high. However, an efficient signalling mechanism to communicate time-dilated UMTS functionality as a new band would minimize RAN2 specification impact. A coexistence study was also performed for the UE and Node B Tx/Rx characteristics against the existing requirements in the specifications and the findings are summarized in Section 7.1.6. Due to coexistence aspects, the specification impact may not be limited to UMTS FDD, and support for inter-RAT mobility may need specification support in that RAT. 
When deploying time-dilated UMTS, tuning of some network and UE parameters will be required to ensure that target KPIs can be met. Accordingly, the impacts on MAC, RLC and RRC performance, including impact on timers and procedures are captured in Section 7.6. New RRM procedures may be required in the network for managing user experience with carriers having different capabilities. 
For Scalable UMTS by filtering, link level simulations of scalable UMTS by filtering showed link level spectral efficiency losses of 20% to 66% at high C/I levels and zero-to-little losses at low C/I levels in downlink compared to UMTS. Similarly, in uplink, a small loss was seen at low data rates and the loss increases as a function of data rate. A potential solution shown to largely mitigate these losses by setting every second chip to zero in the transmitter was briefly discussed. The performance for 1.25 MHz Scalable Bandwidth UMTS with filtering and without any loss-mitigating techniques was significantly worse than UMTS in terms of spectral efficiency. System level simulations of scalable UMTS by filtering were not conducted. The study item did not have time to analyze many of the aspects of the proposed filtered UMTS scheme to the same level of detail done for the time-dilated UMTS scheme. Thus Scalable UMTS by filtering may have the potential to overcome some of the issues (e.g, latency) for time dilated UMTS, but may have drawbacks (eg., spectral efficiency) of its own.
[-------------------------------------------- NEW TEXT END ------------------------------------------------]
3 Conclusion
In this contribution, a TP on conclusions on scalable UMTS is provided for consideration to the TR [2].

Proposal: Include the provided TP in Chapter 8 of the TR [2]. 
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