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1
Introduction

This contribution provides a detailed RRM performance analysis of time dilation UMTS and the impact on UE RRM requirements for time dilation UMTS searcher. The performance is compared against the UMTS searcher.
2
UMTS/Time dilation UMTS Searcher Overview
The ultimate goal of UMTS searcher is to detect the cell timing as well as the primary scrambling codes (PSC) of cells in the network. The searcher that was proposed in [1][2] will be briefly described and used as a reference UMTS searcher. Here, we refer to such a reference UMTS searcher as a 3-stage UMTS searcher. In general, the 3-stage searcher would perform the three following stages [1]:

· Stage 1 (Slot timing detection)

For each slot timing hypothesis,
· Pass the received signal through a filter which is matched to P-SCH. 
· Coherently accumulate the filter output and compute its energy
· Non-coherently accumulate the energy over multiple slots

· Select some top slot timing hypotheses passing a certain threshold and pass them to Stage 2 

· Stage 2 (Frame timing and code group detection)

For each slot timing hypothesis returned from Stage 1, there are 960 hypotheses for frame timing and code group (Assuming 64 code groups and 15 frame timing hypotheses). For a hypothesis,
· First correlate the received signal with all 16 S-SCH sequences  
· Then accumulate the correlations over multiple slots according to the 64 predefined codewords
· The frame timing and code group number, which are passed to Stage 3, corresponds to the hypothesis with the highest accumulated energy
· Stage 3 (PSC detection)

· Given the frame timing and a code group 
· Correlate each CPICH symbol with all PSCs in the code group detected in Stage 2
· Select the PSC with the highest correlation
· Collect all selected PSCs over multiple slots
· Then perform a majority vote to find the PSC
Three stages are performed in serial. For time dilation UMTS, the same UMTS searcher would be used. However the time to finish each stage is longer (depending on the time dilation factor) since it needs to collect the data in a longer period. Figure 1 describes the search timeline of the 3-stage UMTS/time dilation UMTS searcher [1]. 
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Figure 1: The search timeline for 3-stage UMTS/Time dilation UMTS searcher
3
Time dilation UMTS UE searcher performance
3.1
Simulation Assumptions
The simulation assumptions used to evaluate the performance of Time dilation UMTS UE searcher performance are summarized in Table 1.

Table 1: Simulation assumptions

	Simulation Parameters
	Value

	Carrier frequency
	900MHz

	Cell Layout
	Single cell

	S-UMTS scaling factor
	N = 2

	UE Antenna
	Single receive antenna (1Rx)
Dual receive antennas (2Rx)

	P-CPICH_Ec/Ior
	-10 dB

	P-SCH_Ec/Ior
	-15 dB

	S-SCH_Ec/Ior
	-15 dB

	Frequency offset
	0Hz, 200Hz

	False alarm rate
	· Stage 1: 1%
· Stage 3: 0.1%

	Propagation conditions
	AWGN, PA3, PB3, VA30, VA120


The searcher performance is evaluated in terms of a cell detection probability Pd which is defined as the probability that all of following conditions satisfy:

· Stage 1 is passed, i.e., the slot timing is detected
· and Stage 2 is passed, i.e., the frame timing and code group are identified
· and the correct PSC is detected in Stage 3
In other words, the cell detection performance is a joint detection probability of all three stages.
3.2 Simulation Results
Figure 2 to Figure 6 provide the cell detection probability versus the geometry for both UMTS and Time dilation UMTS searchers when the frequency offset is 0Hz. It is observed that the Time dilation UMTS searcher performance is identical or comparable to the UMTS searcher performance in the single path channels such as AWGN and slow fading channels such as PA3/PB3. In addition, Time dilation UMTS searcher exhibits a better detection performance than UMTS searcher on multipath fading channels like VA30/VA120 in the low geometry region. 
· To make above observations, the detection probability corresponding to Stage 1 and Stage 2 is provided in Annex A.1. It is shown that the Stage 1 detection performance of Time dilation UMTS searcher is equivalent (in AWGN channel) or better than that of the UMTS counterpart in multipath fading channels. This may be due to the fact that the CIR peaks from multiple paths fall into one searcher bin for Time dilation UMTS because the Time dilation UMTS pulse is wider than the UMTS one. Hence, the signal energy in the searcher bins is increased; leading to an increased detection probability. 
· Note that Stage 2 is performed sequentially on the offsets detected by Stage 1. So there is sensitivity in joint Stage1/Stage2 search performance to how fast the channel fading decorrelates. If channel fading decorrelation happens, the apriori information provided by Stage 1 could be stale. Although there are more chances a search hypothesis passes the Stage 1, it probably cannot pass the Stage 2 since the channel could change when Stage 2 is executed. For a slow fading channel, the channel decorrelates much more as we use lower chip rates. The peaks provided by Stage 1 in this case are relatively less outdated in UMTS than in Time dilation UMTS. So the Time dilation UMTS searcher in PB3 and single receive antenna has  a little worse performance than its counterpart. However for fast fading channel, the apriori information provided by Stage 1 in either system may be equally stale. In general, Stage 1 search performance affects the overall detection probability.
To compare the search performance when there is a frequency error, the searcher performance with the frequency offset of 200Hz is provided in Annex A.2. In this case, the same observations as the ones made when the frequency offset is 0Hz could be obtained.
	[image: image3.emf]-10 -5 0 5 10

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Geometry (dB)

Pd

AWGN

 

 

UMTS

S-UMTS: N=2


Single Rx antenna UE
	[image: image4.emf]-10 -5 0 5 10

0.4

0.5

0.6

0.7

0.8

0.9

1

Geometry (dB)

Pd

AWGN

 

 

UMTS

S-UMTS: N=2


Dual Rx antenna UE


Figure 2: Cell detection probability versus Geometry in AWGN channel, frequency offset = 0Hz
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Figure 3: Cell detection probability versus Geometry in PA3 channel, frequency offset = 0Hz
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Figure 4: Cell detection probability versus Geometry in PB3 channel, frequency offset = 0Hz
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Figure 5: Cell detection probability versus Geometry in VA30 channel, frequency offset = 0Hz
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Figure 6: Cell detection probability versus Geometry in VA120 channel, frequency offset = 0Hz
4
UE RRM Requirements

4.1
FDD intra frequency measurements 
4.1.1
New cell identification time 

In FDD intra frequency measurements, a cell is detectable if SCH Ec/Io ≥ -20dB for at least one channel tap and CPICH Ec/Io ≥ -20dB. It is required that a new cell must be identified with 90% detection probability within 800ms. The cell detection probability at search M can be defined as Pd = 1 - (1-P)M where P is the average detection probability for a search. Table 2 provides the cell detection probability after two searches for both UMTS and Time dilation UMTS at SCH Ec/Io = -20 dB when the frequency error is 200Hz (assuming 0.05ppm stability of Node B’s local oscillator, and some frequency offset between UE’s local oscillator and Node B’s local oscillator) and channels AWGN/Case1/Case3/Case5 [4]. Note that the geometry is calculated based on SCH Ec/Ior = -12dB and SCH Ec/Io = -20dB for at least one channel path. It is clear that two searches can guarantee at least 90% detection. As a result, for Time dilation UMTS N=2, a new cell can be identified within 60ms*N*M = 60ms*2*2 = 240ms < 800ms. Hence, it is shown that Time dilation UMTS N=2 is feasible to satisfy UMTS new cell identification time requirement for intra frequency measurement.
Table 2: The cell detection probability after M searches in intra-frequency measurements
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4.1.2
UE CPICH measurement period 
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Figure 7: UE CPICH measurement period for intra frequency measurements
It is required that 8 identified intra frequency cells are measured within 200ms. CPICH measurement can be done by first correlating the receive signal (after CPICH dispreading) from each cell with CPICH symbols for each path timing hypothesis and then accumulated the correlated energy over 2 UMTS slots for UMTS (4 UMTS slots for Time dilation UMTS). The energy detector is used to identify strong paths and the total CPICH power is the summation of the CPICH power from all identified paths. The path detection probability is defined as the probability at least a path is detected. Table 3 provides such probability after M path searches and the frequency error is 200Hz (assuming 0.05ppm stability of Node B’s local oscillator, and some frequency offset between UE’s local oscillator and Node B’s local oscillator). Note that the geometry is calculated based on CPICH Ec/Ior = -10dB and CPICH Ec/Io. It is observed that three path searches are sufficient to obtain at least 90% detection. To make path searches independent, the time between two consecutive CPICH measurements needs to be at least the coherence time apart. For Case 1 channel, the coherence time is about 42ms
 [3]. Hence, the CPICH measurement time for Time dilation UMTS is as large as 86.7ms (4 UMTS slots + 2*42ms) < 200ms. Figure 7 demonstrates the CPICH measurement timeline. Based on the simulation results, it is shown that Time dilation UMTS N=2 is feasible to satisfy UMTS CPICH measurement period requirement for intra-frequency. It should be noted that it is not necessary to have measurements every 42 ms and it could be less often, but 42 ms interval was assumed to show the feasibility within the given 200 ms CPICH measurement period.
Table 3: The path detection probability after M searches
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4.2 Inter frequency measurements
4.2.1  New cell identification time

In FDD inter frequency measurements, a cell is detectable if SCH Ec/Io ≥ -17dB for at least one channel tap and CPICH Ec/Io ≥ -20dB. Assume the measurement gap pattern as TGL = 7 UMTS slots and TGPL = 4 UMTS frames (considered to be the worst case for both UMTS and Time dilation UMTS with respect to the requirements [2] due to lack of time diversity). In addition, for this gap pattern, the available measurement gap is assumed to be 5 UMTS slots to be conservative. 
It is required that a new cell must be identified with 90% detection probability within 6.65s for these compressed mode parameters. The cell detection probability at search M can be defined as Pd = 1 - (1-P)M where P is the average detection probability for a search. Table 4 provides the cell detection probability after two searches for both UMTS and Time dilation UMTS at SCH Ec/Io = -17dB when the frequency error is 200Hz (assuming 0.05ppm stability of Node B’s local oscillator, and some frequency offset between UE’s local oscillator and Node B’s local oscillator). Note that the geometry is calculated based on SCH Ec/Ior = -12dB and SCH Ec/Io = -17dB for at least one channel path. It is clear that two searches can guarantee at least 90% detection. 
It was assumed that Time dilation UMTS searcher accumulates signal over 2 Time dilation UMTS slots only per TGL (In fact, 2.5 Time dilation UMTS slots are available, but 2 Time dilation UMTS slots per TGL was assumed to be conservative) and it needs 90 Time dilation UMTS slots to complete an inter frequency search. Hence, the search requires 45 TGPL cycles. The resulting new cell identification time is 45*60ms*2 = 5.40s < 6.65s. Hence, it is shown that Time dilation UMTS N=2 is feasible to satisfy UMTS new cell identification time requirement for intra frequency measurement.
Table 4: The cell detection probability after M searches in inter-frequency measurements
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Figure 8: UE CPICH measurement period for inter frequency measurements
It is required that 6 identified inter frequency cells are measured within 480ms. CPICH measurement can be done by first correlating the receive signal (after CPICH dispreading) from each cell with CPICH for any path timing hypothesis and then accumulated over 2 UMTS slots for UMTS (4 UMTS slots for Time dilation UMTS). An energy detector is used to identify strong paths. The total CPICH power is the summation of CPICH power from identified paths. The path detection probability is defined as the probability at least a path is detected. Table 3 provides such probability after M path searches and the frequency error is 200Hz. It was already shown that three path searches are sufficient to obtain at least 90% detection. To make path searches independent, the time between two consecutive CPICH measurements needs to be at least the coherence time. For Case 1 channel, the coherence time is about 42ms [3], which is approximately a TGPL of 4 UMTS frames. Hence, the CPICH measurement time is 84.7ms (4 UMTS frames + 4 UMTS frames + 7 UMTS slots) < 480ms. Figure 8 demonstrates the CPICH measurement timeline. Based on the simulation results, it is shown that Time dilation UMTS N=2 is feasible to satisfy UMTS CPICH measurement period requirement for inter-frequency.
4.3 CPICH measurement performance

The measurement accuracy requirement for UMTS is ±1.5dB for CPICH Ec/Io=-14dB, ±2dB for CPICH Ec/Io=-16dB and ±3dB for CPICH Ec/Io=-20dB. Figure 9 – Figure 11 show the measured CPICH Ec/Io values for Time dilation UMTS N=2 in AWGN channel for each CPICH_Ec/Io. It can be seen that the CPICH measurement accuracy for Time dilation UMTS N=2 satisfies the UMTS measurement accuracy requirements. 
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Figure 9: CDF of measured CPICH Ec/Io (-14dB) in UMTS and Scalable UMTS N=2.

[image: image19.emf]-18 -17.5 -17 -16.5 -16 -15.5 -15 -14.5 -14

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CPICH Ec/Io (dB)

cdf

CPICH Ec/Io = -16dB

 

 

UMTS

S-UMTS: N=2


Figure 10 CDF of measured CPICH Ec/Io (-16dB) in UMTS and Scalable UMTS N=2.
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Figure 11 CDF of measured CPICH Ec/Io (-20dB) in UMTS and Scalable UMTS N=2.
4.4 Summary for measurements in CELL_DCH and CELL_FACH 

The above analysis is applicable to the measurements in CELL_DCH. It is also applicable to the measurements in CELL_FACH except for the requirements with 2nd DRX where the requirements were not simply scaled by DRX patterns (the upper bound was introduced). Further investigation might be needed for the requirements for 2nd DRX in Cell_FACH when the requirements are introduced. 
5 Cell Reselection in Idle Mode, CELL_PCH and URA_PCH 
5.1 
Measurement of intra frequency cells
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Figure 12: Measurement of intra frequency cells

As previously analyzed, three intra frequency CPICH measurements are sufficient to achieve 90% path detection probability. Figure 12 illustrates the timeline for the measurement of intra frequency cells. Time dilation UMTS N=2 could complete CPICH measurement in at most 86.7ms < all TmeasureFDD and TevaluateFDD values in Table 4.1 of [5]. Hence Time dilation UMTS N=2 is feasible to satisfy UMTS CPICH measurement requirement for intra frequency in Idle mode 
5.2 Measurement of FDD inter frequency cells
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Figure 13: Measurement of intra frequency cells

As previously analyzed, three intra frequency CPICH measurements are sufficient to achieve 90% path detection probability. Figure 13 illustrates the timeline for the measurement of inter frequency cells. Time dilation UMTS N=2 could complete CPICH measurement in about 84.7ms < all TmeasureFDD and TevaluateFDD values in Table 4.1 of [5]. Hence Time dilation UMTS N=2 is feasible to satisfy UMTS CPICH measurement requirement for inter frequency in Idle mode 
6
Conclusions
This contribution has discussed the Time dilation UMTS searcher performance and UE RRM measurement requirement impacts due to the introduction of Time dilation UMTS. It is proposed to conclude on the following aspects with Time dilation UMTS:
Proposal 1: Time dilation UMTS N=2 is feasible to satisfy UMTS new cell identification and CPICH measurement period requirements for intra frequency measurements in Cell_DCH and Cell_FACH except for the requirements with 2nd DRX in Cell_FACH.

Proposal 2: Time dilation UMTS N=2 is feasible to satisfy UMTS new cell identification and CPICH measurement period requirements for inter frequency measurements in Cell_DCH and Cell_FACH except for the requirements with 2nd DRX in Cell_FACH.
Proposal 3: Further investigation might be needed for the requirements for 2nd DRX in Cell_FACH when the requirements are introduced.
Proposal 4: Time dilation UMTS N=2 is feasible to satisfy UMTS CPICH measurement accuracy requirements.
Proposal 5: Time dilation UMTS N=2 is feasible to satisfy UMTS cell reselection requirements in Idle Mode, CELL_PCH and URA_PCH.
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Annex A
A.1
Detection performance in Stage 1 and Stage 2
The detection probability of Stage 1 is defined as the probability that at least one peak is detected. Since the output of Stage 1 is fed into Stage 2, the detection probability of Stage 2 is defined as the probability that the frame timing and code group are detected and Stage 1 passed. Assume UE is equipped with single receive antenna and the frequency offset is 0Hz. Figure A1 to Figure A4 provide the detection performance for each detection stage.
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Figure A1: Cell detection probability in PA3 channel
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Figure A2: Cell detection probability in PB3 channel
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Figure A3: Cell detection probability in VA30 channel
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Figure A4: Cell detection probability in VA120 channel

A.2
Detection performance when the frequency offset is 200Hz
Figures A5 – Figure A9 provide the cell detection probability of both UMTS and Time dilation UMTS searchers when the frequency offset is 200Hz.
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Figure A5: Cell detection probability versus Geometry in AWGN channel, frequency offset = 200Hz
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Figure A6: Cell detection probability versus Geometry in PA3 channel, frequency offset = 200Hz
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Figure A7: Cell detection probability versus Geometry in PB3 channel, frequency offset = 200Hz
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Figure A8: Cell detection probability versus Geometry in VA30 channel, frequency offset = 200Hz
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Figure A9: Cell detection probability versus Geometry in VA120 channel, frequency offset = 200Hz
� The coherence time is shorter in other fading channels such as Case 3 and Case 5.
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