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1
Introduction
The choice of new cell identification time for UE’s with DRX feature makes for an interesting compromise between battery life and performance in mobility environments. This issue has been discussed extensively in [1],[2],[3],[4] over the last few meetings. In [2] a way forward is proposed for new cell identification time for UEs in DRX as follows:

1.
Whenever DRX is active, a different Tbasic_identify could be used which allows some additional opportunities for power saving. Our preference would be that the actual identification time is not further scaled by either the actual receiver activity factor, or some signalled activity factor. It should, nevertheless, be scaled for any interfrequency measurement gaps which are required, in the same way as has been done since release 99.

2.
From the field studies performed, we believe that an appropriate Tbasic_identify when DRX is active could be of the order of 3 seconds to allow for some power saving opportunity whilst still giving reasonable mobility performance. We would appreciate feedback on whether such a value would be appropriate.

Furthermore, based on the proposals in [1] and [4], [2] also proposes the following:

1. We believe that further work on a concept where a threshold such as CPC-Sintra could be considered for enhanced UE DRX in release 8. However, the benefits of such a scheme should be further understood, since at least the CPICH of the serving and active set cells may still need to be measured fairly frequently to ensure that they have not become significantly degraded.

In this contribution, we discuss the impact of new cell identification of  time in mobility environments and also discuss the merit of the proposed CPC-Sintra threshold.
2 Analysis of Field Measurement Data
Similar to the analysis performed in [2], we analyze some field measurement data obtained from a very dense urban environment.  The data collected represents a mix of stationary and mobility environment as shown in Figure 1.
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Figure 1: PDF/CDF of UE speed (MPH)
Figure 2 shows the pdf and cdf of the time taken from the detection of a new cell to the active set update (due to either Event 1A or Event 1C) from the measurement data. For the purpose of comparison, in Figure 3, we also cut and paste from [2] a similar statistic obtained from London, UK.
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Figure 2: PDF/CDF of time from detection of a new cell to active set update (Event 1A or Event 1C)
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Figure 3: CDF of the time from detection of a cell to the time when it is added to the active set (R4-071703)
The cdfs demonstrate a similar trend. However we notice a difference in the medians (6 seconds v/s 25 seconds); as well as at the 10 percentile point and below between the 2 cdfs. In particular we observe the following:

· The probability that time from detection of a cell to ASU is between 0.5s and 1s equals 12.5 %
· The probability that time from detection of a cell to ASU is between 1s and 1.5s equals 9 %.
Furthermore, in Figs 4 and 5, we plot the distribution of the active set size before the ASU while time from detection to ASU is  < 3s and < 1.5s respectively.

[image: image4.emf]
Figure 4: ASET size distribution before ASU while time from detection to ASET update < 3s

[image: image5.emf]
Figure 5: ASET size distribution before ASU while time from detection to ASET update < 1.5s

Figure 5 is quite significant, if we were to deploy a real time service such as CS voice over HS or VoIP in HS mode. When the time from new cell identification to the time the cell is added to the active set, a fair percentage (14%) of time, the active set size is equal to 1. Now in HS-mode, there is no soft handoff on the DL. Furthermore, when the active set size is equal to 1, there is no scope for a serving cell change in case the serving cell turns weak, unless the new cell is detected in time.
Figures 6, 7 and 8 illustrate the following:
· The pdf/cdf of the serving cell Ec/No before the active set update (ASU) while time from detection to active set update < 1.5 seconds and active set size = 1.

· The pdf/cdf of the new cell’s Ec/No before the new cell is added to active set while time from detection to active set update < 1.5 seconds and active set size = 1.

· The pdf/cdf of the difference in the Ec/No between serving cell and the new cell (Serving /New) before the active set update (ASU) while time from detection to active set update < 1.5 seconds and active set size = 1.

[image: image6.emf] 

Pdf and Cdf of ASET Combined EcNo before ASET update (E1a) while 

time from detection to ASET update < 1.5 s and ASET before update is 1

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

-16 -14 -12 -10 -8 -6 More

ASET Combined EcNo before ASET update     (E1a) 

[dB]

Pdf

0.00

0.20

0.40

0.60

0.80

1.00

Cdf


Figure 6: PDF/CDF of Ec/No of Serving Cell (Active Set Size =1) at time of ASU while time from detection to ASU < 1.5 s
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Figure 7: PDF/CDF of Ec/No of new cell being added at time of ASU while time from detection to ASU < 1.5 s
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Figure 8: PDF/CDF of difference in Ec/No (ASET-PSC) at time of ASU while time from detection to ASU < 1.5 s
From Figures 6, 7 and 8, we observe for the case when active set size = 1, at the time of active set update, while time from detection to ASU < 1.5s, the following:
· There is a 10% probability the neighbor cell is comparable to the serving cell (0dB) and 20% probability that the neighbor cell is within 3dB of the serving cell. 

· The probability Ec/No of the new cell at the time of ASU > -15dB = ~46%

This suggests that if we were to allow further delay in new cell identification, in cases when the active set size = 1, the link would be vulnerable to the interference caused by the new cell, which in turn could lead to high call drop rates in services such as CS over HS and VoIP.

In the next chapter, we study the noise rise impact at the neighbor cell’s receiver as a function of the time it takes for it to be added to the active set from the time it was detected by the UE.
4
Noise Rise Impact due to Inter-cell Interference

In this chapter, we discuss the Noise Rise Impact due to inter-cell interference based on supporting field measurement data from another dense urban city.

From both Figure 2 and Figure 3 (Chapter 2), a key observation is the following:

· We observe that a neighbor cell is added to a UE’s active set, much later (of the order of tens of seconds) after the UE first detected the neighbor cell.  For example, in Figure 1, the median time is 5 seconds and in Figure 2, the median time is 6 seconds. 

· The delay in adding the neighbor cell to the user’s active set, stems from the fact that the neighbor cell’s pilot strength  may be below the reporting range of the serving cell’s pilot strength and hence even though it is detected by the UE, it is not considered good enough to enter the UE’s active set.

·  Nevertheless, during this duration, since the UE is neither power controlled nor rate-controlled (E-DCH transmissions) by the neighbor cell, the UE can cause inter-cell interference to the neighbor cell’s uplink. 

In Figures 9 and Figure 10, we illustrate the Noise Rise (RoT) impact caused by an inter-cell interferer at a neighbor cell. 
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Figure 9: Ec/Io Trace of Serving Cell and Monitored Cells, ASET Size =1, prior to ASU
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Figure 10: RoT Impact at neighbour cell by inter-cell UE
Figure 9 illustrates the DL CPICH Ec/Io trace of the serving and monitored cells, logged at the UE.  As seen in the figure:

· A new cell (red color) appears suddenly at around time epoch 55040 seconds. 

· The UE is only power controlled by a single serving cell (purple) since it’s active set size is 1 at that time.

· Around time 55042 seconds, the serving cell’s strength begins to drop. As a result, the UE begins to increase it’s transmit power. 

Figure 10 illustrates the effect of the increase in the UE’s transmit power on the Noise Rise at the neighbor cell from time 55042 onwards. . The RoT impact is calculated assuming 4 UEs per cell, each contributing equal amount to the RoT. The operating RoT is assumed to be 5dB. The RoT impact to a cell not in the active set is calculated as the RoT impact of a UE to the serving cell plus the difference in path loss between serving cell and this cell. 
As seen in Figure 10, if this neighbor cell (red color) is not added to the UE’s active set within a second, the RoT at the neighbor cell begins to rise appreciably, thereby creating a RoT spike which can render the system unstable. We must note in passing that the benefit of R7 DTX feature was not accounted for with regard to the RoT impact analysis. Thus of course depends on the DTX cycle setting. Table 1 illustrates the average RoT impact (averaged in linear domain over time) on the neighbor cell over the 1st 1.5 seconds, over the next 1.5 seconds and over 3 seconds. As seen in the table, the RoT impact gets quite significant over the next 1.5 seconds thereby hurting uplink performance. This is another reason why a choice of  new cell identification of 3 seconds may not be applicable in mobility environments
Table 1: Average RoT Impact (Linear Averaging) 

	
	Average RoT Impact [dB]    (1st 1.5 seconds)
	Average RoT Impact [dB]     (2nd  1.5 seconds)
	Average RoT Impact[dB]    (3 seconds)

	Field Trace 1
	3.7
	7.29
	5.87

	Field Trace 2
	-3.83
	6.12
	3.45

	Field Trace 3
	-6.59
	1.85
	-0.73


5
          Comment on CPC-Sintra threshold
The proposal to use a threshold (CPC-Sintra ) based method of neighbor cell search [1],[4],[2], similar to what is done in  Idle mode is indeed quite interesting. 
[2] points out the issue of needing to search the serving cell more often with this approach. We do not see an issue due to the following:
· For small DRX cycles as in Release 7 (up to 40ms), the UE could schedule a serving cell measurement whenever the UE wakes up in it’s regular DRX cycle, so in that case this should not be an issue. 
· There is already a 200ms UE requirement to measure and report already detected cells. So the UE has another measurement opportunity to measure the serving cell strength at those times.

In analyzing our field data, we tried to apply the threshold scheme to some of the data and we came across a field trace as shown in Figure 11, wherein the threshold method could be susceptible. In this case (active set size =1), the serving cell (purple) is quite strong until time 55042.5. After then there is a sudden drop in the serving cell and the new cell (red) begins to become strong. The choice of the threshold can impact battery life and mobility performance in CELL_DCH. For example, if it was too low a threshold, then the UE may land up performing unnecessary search whereas if the threshold is too high a threshold, then detrimental situations such as the one in Figure 11 may be quite challenging to meet. The root cause is the sudden fall in the serving cell strength.
As an alternative, associated with the threshold, one could in addition also introduce a timer. So basically, even if the serving cell strength is above a threshold, if a new cell search has not happened since a pre-defined amount of time, the UE could perform a search of the monitored cells that have not been detected.
[image: image11.emf]
Figure 11: Ec/Io trace of Serving Cell and Monitored Cells, ASET Size =1, prior to ASU
6
Conclusions
We discussed the issue of new cell identification based on a detailed analysis of field measurements from a dense urban city. The focus of the analysis was to understand better the significance of setting the new cell identification time to 3 seconds. The analysis performed in this mobility environment indicates that the impact of cell detection of 3 seconds, could have moderate impact on real time services such as CS voice on HS and VoIP. Based on this analysis, our recommendation at this time is to reduce the new cell identification time to 1.5 seconds.

Finally, we think independent of the above new cell detection requirement, in order to ensure that battery life is not impacted, the idea of using the CPC-Sintra threshold is interesting and is quite a natural extension of what happens in Idle State today. However a real network trace in an urban canyon environment exposed a limitation of this method especially when the serving cell drops abruptly.  The consequence of this method may be more serious when we compare mobility performance in CELL_DCH to cell re-selection in CELL_PCH or CELL_FACH state. We think, it may be worthwhile to couple the CPC-Sintra threshold method along with a configurable timer based approach, i.e. if the serving cell strength has not dropped below  CPC-Sintra for a pre-defined time as specified by the timer, then the UE is forced to perform a new cell search.
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