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1. Introduction
In recent RAN4 meetings there has been discussion about reselection in idle/semi-idle states from UTRA to E-UTRA. The following discussions have been taken place
· Higher priority search after RRC state transition to idle or semi-idle state: A CR was agreed in RP-110778 and further refined in R4-113934, making a requirement to start the higher priority search within a time of Thigher_layer_start where Thigher_layer_start=1 DRX cycle or 1 DRX cycle + 1 second depending on case
· Whether the Tmeasure and Tevaluate requirements should be the same for high priority reselection as for low/equal priority reselection, given that higher priority carriers are not measured continuously.
In the last meeting simulation results were presented in [1], however no agreement could be reached on the corresponding CRs.

2. Discussion

An example of the scenario considered is shown in figure 1





Figure 1 : Example of a potential problem scenario
In this scenario, the time spent in cell/URA-PCH is limited by the traffic pattern which causes regular transitions to cell FACH state such that there may be a limited time to complete a higher priority search to LTE. In this section, we consider how quickly a higher priority search might be performed based on existing specification. The analysis is similar to that provided in [4], but extended considering the updates that have been made to 25.133 since RAN4#59, and also to cover the case where there are multiple LTE (or other higher priority layers) in the neighbour list. We also consider 1.28s DRX cycle, which is one typical value used.
Considering latest specifications, a higher priority search in idle mode must be performed every (60 * Nlayers) seconds as specified in section 4.2.2 of 25.133:
In the following sections, Thigher_priority_search  is defined as (60 * Nlayers) seconds, where Nlayers is the total number of configured higher priority E-UTRA, UTRA FDD and UTRA TDD carrier frequencies and is additionally increased by one if one or more groups of GSM frequencies is configured as a higher priority.

For the purposes of analysis in this contribution, we assume Nlayers=4, which could correspond to 4 configured FDD or TDD LTE higher priority frequencies. The theoretical maximum number of layers which can be configured is 7 according to section 4.2.2.8, and there is no limitation on some of the layers being lower priority.

Additionally, since 25.133 was updated in [5], all higher priority searches need to start shortly after the state transition:

If the UE is not in CELL_PCH, URA_PCH or IDLE state then the UE shall search for UTRA FDD layers of higher priority within Thigher_layer_start upon entering into any of these states. If 1 second has not elapsed since the UE camped on the current serving cell when the UE enters into any of these states, Thigher_layer_start is one DRX cycle plus 1 second; otherwise Thigher_layer_start is one DRX cycle.
In order to evaluate 4 frequencies, the minimum requirement is that the evaluation is completed in Kcarrier*Tevaluate=(4*19.2) seconds, assuming 4 HP carriers and a 1.28s DRX cycle. Hence, approximately 78.08s might be needed in the worst case before all HP searches can be assumed to be complete after state transitions. Our assumption is that with typical traffic patterns, this gives a significant change of undesired reselection performance.
Considering the change proposed in [2], the proposed Tevaluate,HP is 2.56s, meaning that with Kcarrier scaling the minimum requirement would be 10.24s. We think that this is stongly motivated, considering the possibility that the UE may remain in idle mode for only a short time, provided that it does not have harmful side effects.

The two potential side effects which have been mentioned are battery life and possible ping pong reselection. Considering first battery life, the battery energy required to do a high priority search would be unchanged by the proposal, since we are not proposing to change the number of RSRP/Q samples required in the evaluation. It is true that under this proposal, if there are frequent state transitions then more HP searches will be successfully completed, and in that sense more battery energy will be used. However, we do not regard aborting already started HP searches as a power saving measure in itself, but rather a  consequence of the existing specifications. At any rate, if there are frequent state transitions to cell FACH state, then the battery consumption will most likely be dominated by power consumption in cell-FACH since it will take some time before DRX is triggered by inactivity in cell FACH.
The other side effect which has been extensively discussed is the possibility for increased ping pong reselection. Our understanding here is that in release 8, the Tmeasure=6.4s and Tevaluate=19.2s for LTE cells with 1.28s DRX cycle were copied from lower priority interRAT requirements and that the main motivation of less frequent measurements for interRAT reselections is power saving rather than ping pong prevention. Ping pong is nevertheless an important topic to consider, and we continue with the simulations started in [1] to evaluate it further.
3. Simulations
 The basic simulation methodology looks at the impact of fast fading using a flat fading Rayleigh channel model and statistics are collected including

· Average reselections per minute. Since no changes are made to the long term (average) cell powers in the simulation then this probability would ideally be zero, indicating that no reselections occur.

· Normalised total time spent camped on UTRA. The simulation environment has one UTRA cell and one E-UTRA cell and the chosen cell is evaluated according to reselection requirements in 25.304 and 25.133. Reselections from E-UTRA to UTRA are also modelled according to 36.304 and 36.133 requirements.

· Maximum sojourn time on UTRA cell. This is the longest time spent camped on the UTRA cell.

The reselection improvements are evaluated with the E-UTRA cell set as high priority, hence statistics are mainly counted on the UTRA cell. However, probability of reselection on a given DRX cycle is counted on reselections in both directions. Reselections are based on RSCP/RSRP. In all simulations, average UTRA level is set to -70dBm, meaning that UTRA coverage can be considered ubiquitous. This means that reselections to lower priority GSM cells and out of service do not need to be modelled.
Other main simulation parameters are given in table 1

	Parameter
	Value
	Notes

	DRX cycle
	1.28s
	

	Simulation duration
	150,000 DRX cycles = 53.3333 hours
	

	UE velocity
	3km/h
	

	Channel model
	Rayleigh, flat fading
	

	Carrier frequency
	2GHz
	For Doppler calculation

	Thresh_x,high
	-110dBm/-100dBm
	Signalled on UTRA cell, reselection to higher priority E-UTRA cell occurs if RSRP≥Thresh_x,high

	Thresh_serving,low
	-122dBm
	Signalled on EUTRA cell, reselection to lower priority UTRA cell occurs if RSRP<Thresh_serving,low

	TmeasureE-UTRA
	5 DRX cycles (current specification) or 1 DRX cycle (potential improvement to be evaluated), as well as 15 DRX cycles (to give an indication of the effect of Tevaluate=15 cycles)
	When camped on UTRA

	Tmeasure,serving
	1 DRX cycle
	According to 36.133

	Thigher_priority_search
	46 DRX cycles = 58.88s
	

	Cell FACH traffic model
	When UE is camped on UTRA cell, CELL-FACH state is entered with probability 0.2. UE remains in cell FACH state for a duration of 5s + packet length 
	Only used in some simulations. Fixed 5s to simulate inactivity timer

	Cell FACH packet length
	Poisson distribution with expected duration of 5s or 60s
	

	E-UTRA cell RSRP
	[-90,-100,-105,-108,-110,-112,-115,-120,-130]dBm
	

	UE measurement filtering
	2 sample sliding window
	


Table 1: Main simulation parameters
Figure 1 shows a trace of the E-UTRA filtered RSRP level when nominal RSRP is set to -110dBm. This gives an indication of possible threshold levels, although in the further simulations the nominal RSRP level is varied rather than the reselection thresholds themselves.
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Figure 1: RSRP of E-UTRA cell in the simulation

Figure 2 shows the CDF of the filtered RSRP samples.
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Figure 2: RSRP CDF
Next we investigate the benefit, as well as the potential for harmful behaviour if Tmeasure,E-UTRA is reduced for higher priority search. First the situation with cell-FACH traffic enabled is evaluated, with the same parameters as in section iii. Three different Tmeasure,E-UTRA settings are considered, 1 DRX cycle, 5 DRX cycles and 15 DRX cycles.  The intention of the 15 DRX cycle setting is to emulate a UE performing reselection evaluation within the maximum allowed time, Tevaluate=19.2s. 5 DRX cycles is the current requirement in 25.133 and 1 DRX cycle has been proposed for example in [2]. We also compare with the baseline case where Tmeasure,E-UTRA=15 cycles and there is no cell-FACH traffic.
The following results are for Thresh_x,high = -110dBm and correspond directly to the ones shown in figures 12-15 of [1]. In addition, two further performance curves are shown
· “Baseline” performance, where the UE is assumed to remain constantly in idle mode, and perform HP searches every 60s with 19.2s evaluation period

· “Idle 1 DRX performance” where UE is assumed to remain constantly in idle mode, and perform HP searches every 60s with measurements every DRX cycle.

Based on these results we can see

· It makes little difference to any of the metrics when the UE remains constantly in idle mode what is the evaluation period. 

· There are always fewer reselections when cell FACH transitions are enabled. This can be explained because the simulator does not model reselection in cell FACH state in line with current specifications. So there is no evidence of excessive ping pong, if we consider existing release 8 performance to be acceptable for UE that are not using cell-FACH state.

· As an aside it should be noted that the simulations spend no time on UTRA when the E-UTRA RSRP is -90dBm. This is because a cell selection procedure is modelled at the start of the simulation based on power, and E-UTRA is always initially selected and then E-UTRA RSRP measurements never drop below the -122dBm threshold to trigger a reselection back to UTRA
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Figure 2 : Reselections per minute for Threshx,high=-110dBm
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Figure 3 : Time spent on UTRA for Threshx,high=-110dBm
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Figure 4 : UTRA sojourn time for Threshx,high=-110dBm
The other discussion which took place in RAN4#60 was how frequently long sejourn in UTRA can be expericed. To investigate in greater detail, we looked at the distribution of reselection times to E-UTRA when RSRP=-100dBm for both Tmeasure=1 DRX cycle and Tmeasure=5 DRX cycles. Results are presented in figure 5. Looking at the 90 percentile point on the curve, reselection time is improved from around 9 minutes to approximately 2 minutes. It should also be noted that no reselection took longer than 4 minutes 30 seconds with the Tmeasure=1 DRX scheme
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Figure 5 : CDF of reselection times when E-UTRA RSRP=-100dBm and Thresh_x,high=-110dBm
Another aspect which we would like to emphasise is that the simulations in [1] were performed with Thresh_x,high = -110dBm partly to have a relatively high chance of ping pongs (looking at figure 2, CDF of RSRP) so that any worsening of the performance due to the measurement timing changes could be seen.

For this contribution, we also investigated the impact of Thresh_x,high=-100dBm, in other words making the admittance criteria for LTE more demanding. Results are presented in figures 6-9.
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Figure 6 : Reselections per minute for Threshx,high=-100dBm
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Figure 7 : Time spent on UTRA for Threshx,high=-100dBm
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Figure 8 : UTRA sojourn time for Threshx,high=-100dBm
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Figure 9 : CDF of reselection times when E-UTRA RSRP=-100dBm and Thresh_x,high=-100dBm
In this case, there are far fewer reselections (because of the increased admittance criteria for E-UTRA) and all schemes offer basically the same ping pong rate and time spent on different RATs. This illustrates the point that ping pongs can be best reduced by a proper setting of the reselection parameters rather than limiting UE measurement activities. On the other hand, the reduced Tmeasure provides benefit especially when the actual E-UTRA RSRP level is close to the reselection threshold as seen in both the UTRA sojourn statistics and the CDF of reselection time.At the 90 percentile point, the reselection time is reduced from around 16 minutes to around 8 minutes by changing Tmeasure from 5 DRX cycles to 1 DRX cycle. 
4. Conclusions

In this contribution, further considerations on shortening Tmeasure and Tevaluate for higher priority searches in idle mode are given. Firstly we provide a theoretical analysis where we note that if multiple E-UTRA neighbours are configured, the evaluation time for higher priority reselections can become large, as it is scaled by the number of configured carriers. Since up to 4 E-UTRA carriers of each technology (FDD and TDD) are allowed by 25.133, this may well be limiting on reselection performance unless shorter Tmeasure and Tevaluate are specified.
Secondly, we provide further simulation results. We compared reselection rate with the number of reselections in idle mode if there is no cell FACH traffic and did not observe an increase, suggesting that shortened Tmeasure would not cause a problem with ping pong for the cases and cell FACH traffic model studied. Reselection time improvements of the order of 2x to 4x were observed at the 90% point of the CDF.
We also provided results with a modified reselection threshold, and concluded that ping pongs can be best reduced by a proper setting of the reselection parameters rather than limiting UE measurement activities by the specified Tmeasure.
Based on the considerations and results, we recommend shortening of Tmeasure and Tevaluate in  idle states for higher priority reselections.
5. References

[1] R4-114258, “Simulations of reselection from UTRA to E-UTRA”, Renesas Mobile Europe

[2] R4-114255, “Improvement of higher priority reselection”, Renesas Mobile Europe

[3] R4-114256, “Improvement of higher priority reselection”, Renesas Mobile Europe

[4] R4-112967, “Inter-RAT UMTS to LTE Reselection”, Renesas Mobile Europe, Teliasonera

[5] R4-113934, “Correction to cell reselection requirements for higher priority layer”, Qualcomm incorporated

CELL-PCH/URA_PCH





Traffic pattern








