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Introduction

In the TeliaSonera 3G/4G network we observed that cell-reselection from UTRAN to EUTRAN is a problem. This has been discussed extensively with various inputs in the RAN2 #73bis meeting in Shanghai (March 2011) in the RAN4#59 at the Barcelona meeting (May 2011) [1] – [6] and more recently in the RAN #52 meeting with [7] approved. Cell-reselection from 3G to 4G is of importance in order to give to the user the best data experience and we would expect that cell-reselection from UTRAN to EUTRAN should occur within a max of two minutes.

In this input we show measurements results together with the state transition using TEMS [8] on a clean XP laptop computer. We note that the reason for using a so called clean XP computer (with a minimum number of active programs) is in order to observe the cell-reselection in reasonable time for this measurement campaign. On a normal working computer more programs are typically running which will cause more background traffic as has been discussed in the RAN2 input in reference [1].
Measurement results and discussion
Figure 1 shows the measurement results done in our 3G/4G lab in Stockholm/Sweden at 2600 MHz (Band 7) using a clean XP computer with TEMS and a 3G/4G enabled data card. After connecting to the 3G network few ping messages are send before stopping actively to use the laptop. From the figure we can observe:
· Even without actively sending data from the laptop the data card switches several time between CELL_FACH and URA_PCH state before able to make the cell-reselection.

· The data card has been between 1 and 36 seconds in URA_PCH state without making cell-reselection to EUTRAN.

· After sending the last ping it took about 1 minute before the data card made a cell-reselection to EUTRAN.

· For the cell-reselection the time from URA_PCH state to the first LTE message received it took about 16 seconds 

In the network the timer settings for Cell_DCH to Cell_FACH are 3 seconds and from Cell_FACH to URA_PCH are 5 seconds.
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	Figure 1
	State transition of 3G/4G data card before cell-reselection to EUTRAN on a clean XP computer


Theoretical analysis:

In order to understand the full aspect/range of cell-reselection time(s) RENESAS has done a thoroughly analysis in reference [2] and found: 

· The best case reselection time is given by DRX_Cycle + (Kcarrier * Tmeasure,EUTRA)/2+ Treselection For 1.28s DRX cycle, and a single carrier this can be evaluated to be 4.48s
· The worst case cell-reselection time can be up to 60 * Nlayers  + Tevaluate, target + Treselection and for one layer,  1.28s UTRA DRX cycle, and Treselection=0, this gives a worst case of (60+19.2) = 79.2seconds. 

Which agrees with the measurement findings in Figure 1 where we saw the terminal in URA_PCH up to 36 seconds without cell-reselection.
Typical laptop traffic:
As the results in Figure 1 are for a clean XP computer with a minimum number of active programs we also have to understand what the SILENT time/period would be on a normal working computer where programs like Email, Internet Explorer, VPN client are active. Such data from one Windows XP computer has been recorded and presented in reference [1].  Table 1 summarize some of the findings:

	Minimum silent period
	50/90% probability of the elapsed time reaching the minimum silent period

	≥ 8 sec
	35/95 sec

	≥ 18 sec
	60/118 sec

	≥ 28 sec
	92/164 sec

	Table 1 Statistic on elapsed time for a minimum expected silent period for passive XP laptop running various typical programmes like Email, Internet Explorer, etc [1].


We can understand from Table 1 that the elapsed time in order to reach a sufficient large silent period, as needed for the cell re-selection, increases with the required minimum silent period. 
· For the best case re-selection time of 4.48 sec as discussed above and further considering also that in the network the timer setting for Cell_FACH to URA_PCH are 5 seconds the minimum elapsed time would be more than 85 seconds (90% probability). 
· In order to have cell re-selection within 2 minutes with 90% probability, than a silent period of 18 seconds needs to be sufficient for cell re-selection. Note: Also the CELL_FACH to URA_PCH timer is included in the silent period. The time in URA_PCH will therefore be even shorter.
The statistic of the time in URA_CELL state and the traffic caused by a windows computer are independent from each other. This means that the time before cell-reselection may occur will be a function of both statistics and therefore worsen the probability for cell-reselection to occur. Furthermore as a user may be sometimes over a short period active on his computers (e.g. using Internet Explorer) the chance of cell-reselection will be further limited to occur in semi-ideal state (URA_PCH). 

Summary
We have shown in this document measurement results that URA_PCH state can be between 1 and 36 seconds without cell-reselection occurring. From theoretical analysis we know that this time depending on the number of higher layers can be easily much longer. Considering traffic on a passive/active laptop this may mean cell-reselection from UTRAN to EURAN may never occur. As we can not control the traffic on a typical user laptop but still like to give the user a good data experience without sacrificing UE performance like power consumption we conclude that RAN4 should enforce stricter times on the state transition as suggested in reference [3] to [5] for Rel-8 to Rel-10.
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