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1
Introduction

During the 3GPP RAN Plenary #60 meeting it was agreed that RAN WG2 should evaluate the following Scalable -UMTS time dilation solution items and provide feedback to RAN WG1 in the form of a text proposal for the RAN WG1 TR ([1]):

· Impact on mobility (idle and connected state)

· Impact on SIBs acquisition

· Impact on signalling and user plane latency

· Impact on MAC, RLC and RRC performance, including impact on timers and procedures

This contribution evaluates, at a high level, the Scalable -UMTS time dilation solution impacts on mobility. Some qualitative aspects are derived from more detailed considerations provided in other papers submitted to RAN2 and RAN4, see references ([2] to [6]). A corresponding text proposal for the Technical Report [1] is provided in [7].

2
Discussion
In this paper, the impacts on mobility are described, at a high level, for both idle and connected mode, i.e. looking at potential delays in UE measurements, cell reselection and handover procedures. The assumption is that the UE is camping or connected to a serving cell belonging to a Scalable-UMTS carrier, i.e. focusing on a Scalable-UMTS standalone scenario (N=2 only).

2.1. UE measurement aspects
The following sections capture some observations on expected UE measurement performance impacts due to Scalable -UMTS (see also [5]), focusing on CELL_DCH measurements. Further considerations on measurement accuracy are reported in the Annex.
For Idle mode, and other reselection states, the conclusions derived below for CELL_DCH can be safely applied/extended, considering that requirements are even looser, e.g. measurement period/delay requirement is the same (e.g. CELL_FACH) or larger (Idle and PCH states) than CELL_DCH. 
2.1.1 Intra-frequency measurement availability in CELL_DCH

With Scalable -UMTS, actual measurement of RSCP or CPICH Ec/Io take a longer time, proportional to N, as compared to UMTS. However, it does not imply that there will be insufficient measurements for intra-frequency measurement reporting procedures (e.g. triggered by an event 1x) in CELL_DCH. 
The reason can be explained by referring to Figure 1 below. In UMTS it is required that an intra-frequency measurement be made at least every Tmeasurement period intra seconds (e.g., Tmeasurement period intra=200ms). It is possible for Scalable -UMTS to meet the same requirement under time dilation. As an example, if in UMTS it takes 4 UMTS slots (2.67 ms) to make a measurement, in Scalable -UMTS (N=2) it takes 8 UMTS slots (5.33 ms). Though the measurement takes double the time, the UE will still have a measurement every 200ms for the purpose of mobility procedures.
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Figure 1 UMTS and Scalable UMTSScalable UMTS intra-frequency measurements (RSCP or CPICH Ec/Io)

As mentioned above, the conclusions derived for CELL_DCH can be safely applied/extended to Idle mode (and other reselection states) intra-frequency measurements, since measurement period/delay requirement is the same (e.g. CELL_FACH) or larger (Idle and PCH states) than CELL_DCH.

2.1.2 Inter-frequency measurement availability in CELL_DCH

With Scalable UMTSScalable UMTS, actual measurement of CPICH Ec/Io takes a longer time, proportional to N. When compressed mode is configured, TGPL and TGL of the same length in UMTS slots can be used in Scalable UMTSScalable UMTS. Because the same amount of time in each transmission gap can be used for measurement, more transmission gaps are required to complete the measurement in Scalable UMTSScalable UMTS under time dilation. This is illustrated in Figure 2 where, within a transmission gap, the yellow grids represent the idle slots and the orange grids represent those dedicated to measurement. Suppose it takes 4 slots in UMTS to complete the measurement. If TGL has the same length in Scalable UMTSScalable UMTS (N=2) and only one gap per transmission gap pattern is configured, two transmission gap patterns are required to complete the same measurement in Scalable UMTSScalable UMTS (N=2). Given such time dilation effects, it is still possible to make available a measurement every inter-frequency meausurement period Tmeasurement period, inter. In the same illustration, if TGPL has length of 4 UMTS frames (40ms), a measurement can be made in every 8 UMTS frames (80ms) plus some additional processing time, which is still well below Tmeasurement period, inter., which is typically 480ms.
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Figure 2 UMTS and Scalable UMTSScalable UMTS inter-frequency measurements (CPICH Ec/Io)

As mentioned above, the conclusions derived for CELL_DCH can be safely applied/extended to Idle mode (and other reselection states) inter-frequency measurements, since measurement period/delay requirement is the same (e.g. CELL_FACH) or larger (Idle and PCH states) than CELL_DCH.
2.2 Impacts on Cell Reselection
Overall, the cell reselection procedure can be split in two phases: UE measurement (of serving and neighboring cells) and UE cell reselection (i.e. camping on a different cell). In this context, it is assumed that the UE is already camping on a source Scalable UMTSScalable UMTS cell (see [2] for details on initial cell camping).

As described earlier (see also [5]), as far as UE measurements are concerned, although UE may take slightly longer to perform measurements, there are no impacts on existing UE performance requirements, i.e. a Scalable-UMTS UE can meet legacy UMTS measurement delays. Thus, no relevant delay impacts are foreseen. 
Regarding cell reselection latency, the major delay component is in the SIBs acquisition of the target cell. As described in [2], such delay may be scaled by a factor of 2 (if RAN uses the same BCH parameters and configuration, as for UMTS) or compensated by optimized scheduling or PCCPCH settings. The amount of delay is, therefore, largely dependent on network implementation. 
In terms of RRC timers controlling cell reselection (i.e. Treselection and associated scaling factors), there is no need to modify them in case of Scalable UMTSScalable UMTS (see [4] for more details), thus no potential delay impacts are foreseen. 
2.2 Impacts on Handover 

Similar to the approach followed for cell reselection, the handover procedure can also be split into multiple radio interface phases, for example measurement configuration, UE measurement, UE reporting and handover execution (ignoring the UTRAN only handover preparation phase in this context). 
A brief analysis is provided below; most considerations would apply similarly to the different type of handovers, e.g. soft/softer handover, hard handover or (e)SCC, specific differences being highlighted otherwise.
Regarding UE measurement configuration, reporting and handover command, some delay considerations can be derived from [3] and [6], in particular the extra delay of sending one RRC Measurement Control Message, or an ASET Update or RRC reconfiguration in DL and a RRC Measurement Report message (or other RRC response messages) in UL can be considered negligible, e.g. 0 ms (for Scalable UMTSScalable UMTS N=2, using SRB over DCH) or less than 10/20ms (worst case, for Scalable UMTSScalable UMTS N=2/4, using SRB over HS).
Regarding UE measurements, it has been observed earlier (see also [5]) that connected mode measurements in Scalable UMTSScalable UMTS, either intra-frequency or inter-frequency, achieve the existing UMTS performance requirements, thus no significant delay impact is expected. 
Finally, no major delay is expected for the handover execution latency, i.e. the time needed for the UE to tune to the target cell’s pre-allocated channels. 
3
Conclusions

Based on the above considerations, it is proposed to agree to and capture the text proposal on the Scalable UMTSScalable UMTS time dilation solution impact on mobility as presented in [7] for inclusion in the Scalable UMTS FDD Bandwidth Technical Report.
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Annex
This section describes some CPICH measurement performance aspects in terms of measurement accuracy. 
The measurement accuracy requirement for UMTS is ±1.5dB for for CPICH Ec/Io=-14dB, ±2dB for for CPICH Ec/Io=-16dB and ±3dB for for CPICH Ec/Io=-20dB. The following figures show the simulated measured CPICH Ec/Io values for Scalable UMTSScalable UMTS (N=2) . It can be seen that the CPICH measurement accuracy for Scalable UMTSScalable UMTS (N=2) satisfies the requirement for UMTS. 
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Figure 3 CDF of measured CPICH Ec/Io (-14dB) in UMTS and Scalable UMTSScalable UMTS (N=2).
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Figure 4 CDF of measured CPICH Ec/Io (-16dB) in UMTS and Scalable UMTSScalable UMTS (N=2).
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Figure 5 CDF of measured CPICH Ec/Io (-20dB) in UMTS and Scalable UMTSScalable UMTS (N=2).
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