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Introduction

RAN2 has sent a liaison statement to RAN4 [4] in which RAN2 asked RAN4 to “kindly consider the current availability of cell reselection test cases under fast-fading radio propagation conditions, and inform RAN2 if the relevant test cases could be defined.” In response to this request Nokia has done some initial investigations into the feasibility of developing some additional fading reselection test cases. As part of this work, we have performed some simulation results in fading environments, which are presented in this paper. The motivation for performing these simulations was to see how feasible it would be to define additional test cases as RAN2 has requested. It should be understood that the simulation results presented here are very preliminary, and only intended to start discussions on the issue in RAN4.  

Developing a test that validates the cell reselection core requirements in TS25.133 is more challenging in fading conditions than static channel conditions because section 4.2 of TS25.133 are defined using a constant difference in cell ranking. Fading between cells at different geographical locations is usually modelled using several independent fading channels models. Such a test will not maintain a constant difference in cell ranking during the evaluation period, and it then becomes challenging to verify that the core requirements have been met. One way around this problem could be to use a simulation approach, and several key simulation assumptions then need to be made. If it is felt that it is worthwhile and important to proceed with this work, then the assumptions need to be discussed and agreed in RAN4.
Existing reselection test cases in 25.133 section A.4 validate the idle mode reselection performance of the UE for the cases of intrafrequency reselection, interfrequency reselection and intersystem reselection to a GSM cell. In 25.133 section A.5, similar tests are made for the UE connected mode states such as cell_FACH, cell_PCH and URA_PCH. It is worth noting that the cell_PCH and URA_PCH tests in section A.5 use very similar parameters (drx cycle length etc) to the idle mode reselection tests in section A.4.

In this document, some new test cases are presented in an attempt to improve the test coverage. Hopefully this will lead to a better confidence in good reselection performance in real life situations by ensuring similar UE behaviour. Specifically the test cases presented in this paper will attempt to address the following issues

1. Existing tests are performed in a static AWGN environment, so they do not validate the performance of important UE filtering of the measurements against fading, and especially fast fading. Since the test requirements specify only a maximum reselection delay, a good result could be obtained for the existing test cases by a UE with very minimal filtering of the channel measurements although filtering is required by general minimum performance requirements. Such a UE will probably not perform well in real life environments where short duration fading may trigger an unnecessary reselection. Unnecessary reselections in idle mode cause a short interruption to paging reception, cause a reduction in UE standby battery life and may waste network resources if the new cell is in a different location area.

2. In a fading environment, it is possible to tune the reselection parameters to reduce unnecessary reselections and make reselection performance more predictable. Specifically, non-zero values for Treselection  and Qhyst. may be used in a fading test case as it allows more flexibility for developing these test cases. The same observation was made when e.g. the test case A.8.1.4 “Correct reporting of neighbours in fading propagation condition” was developed. In this CELL_DCH fading test case non-zero value was selected for Time To Trigger parameter. This does not take away the need for T1 signalling to develop tests which verify the correct functional behaviour of reselection tuning parameters

3. Existing test cases use measurement quantity CPICH Ec/Io only. There is no currently specified test which checks the UE ability to measure CPICH RSCP in idle mode. Due to some differences in measurement accuracy between CPICH Ec/Io and CPICH RSCP a separate test case for CPICH RSCP may be desirable.

4. Existing testcases do not send a value for S_searchinter, S_searchinterRAT,GSM etc in system information as S_search parameters were originally defined to be used as optional measurement rules for power saving purposes in case of DRX reception. Later in REL5, however, these optional measurement rules were changed to mandatory cell reselection criteria.  S_searchinter and S_searchinterRAT,GSM  are now used as a mechanism to block unwanted reselections when the serving cell quality is good enough. Therefore, the correct use of these parameters by a UE is important

Discussion

One difficulty in developing fading reselection tests is that there are few requirements in [2] which cover how well UE reselections should perform in a fading radio environment. Specifications allow some flexibility in UE measurement rate and filtering, and do not specify measurement accuracy in idle mode. This is important as it allows UE implementations some freedom to explore different options, for example in minimising idle mode power consumption. On the other hand, the flexibility that is allowed in UE implementation makes it more difficult to simulate reselections and precisely define some fading test cases. Therefore some assumptions on UE measurement strategies are made in this contribution. We would like to discuss these assumptions further if RAN4 sees it beneficial to develop new fading test cases for DRX states. 

Measurement accuracy is specified in chapter 9 only for the cell_DCH and cell_FACH states and the key requirements in section 4.2.2 and 4.2.3 are defined for a constant 3dB difference in cell ranking. However, as previously discussed a constant 3 dB difference is difficult to validate in fading simulations and test cases as cell levels and thereby the reference levels for cell reselection decisions do not remain constant during the evaluation period.

The approach outlined in this paper is to develop a simulation model based on some assumptions about the measurement accuracy and filtering. The model is checked meets the reselection testcase in 25.133 section A.4.2.2 and then to see how well the same reselection model performs when the radio channels are changed to fading channels, and some of the reselection parameters are changed

Here, we have concentrated on the interfrequency 3G to 3G reselection as an example. However it would be also possible to develop fading test cases for intrafrequency and intersystem reselections if this was felt to be beneficial. However, in case of intrafrequency test case some concept changes should be made as Ssearch threshold is not necessarily the best method of controlling intrafrequency cell reselection as discussed before.

Simulation Assumptions and methodology

1. Fading channel model is Case 5(50km/h) as specified in Annex B of [3]. This is used in other RRM test cases, for example A.8.1.5
2. A two cell scenario was considered since this is more controllable and predictable in a fading environment than scenarios involving more cells. This is different from static reselection tests which use 5 cells. An additional benefit of restricting the test to two cells would be simplification of the test system, as an independent fading channel simulator would be needed for each cell. 
3. UE Measurements were simulated by calculating the ideal theoretical measurement obtained by the UE, considering the instantaneous fading channel profile and then adding some noise to simulate UE measurement error. The measurement error was added to the dB value of the measurement, and had a normal distribution with a variance so that it just met the requirements in 25.133 section 9.1.1.2.1 (CPICH RSCP interfrequency measurement accuracy, relative accuracy) or section 9.1.2.2.2 (CPICH Ec/Io interfrequency measurement accuracy, relative accuracy). It should be noted that the requirements in 25.133 section 9 are not applicable in this idle mode case, and it may be that a UE implements less accurate measurements in idle mode than in connected mode, for example to reduce power consumption. However, as there are no idle mode accuracy requirements in the same format as in CELL_FACH and CELL_DCH, the connected state requirements were applied as a starting point and a basis for performing some simulations. Discussion is still needed on what is a reasonable accuracy for UE measurements in idle mode with different measurement strategy and thereby different “measurement period”, and whether it is fair to assume that it is comparable to accuracy in cell_FACH and cell_DCH states. In any case it is important that in the end we compare the developed simulation model and results with the actual idle mode requirements.
4. A 1.28 second DRX cycle was used. This is the value used in other reselection tests. 
5. Ec/Io and RSCP measurements were made on the serving cell and the neighbour cell at a rate of once per DRX cycle 
6. UE filtering was simulated using a six sample running average filter. In practice the UE will have some proprietary filtering algorithm for the measurements that are made. The six sample running average filter was chosen because it is a very simple filter which meets the requirements in table 4.1 for TevaluateFDD. This table specifies that the UE should be able to evaluate 3dB better ranked cell within 5 DRX cycles for a 1.28s DRX cycle.
7. The filtered measurements are then evaluated against the measurement rules defined in [1] and the outcome of this evaluation is to decide which cell is to be camped on.

Simulation Results

1. Simulation test 1: Static channel

This simulation was performed to give a level of confidence in the simulation and to verify that it was capable of meeting the existing static idle mode reselection testcase.

The measurement and reselection simulation was performed with the following key reselection parameters

· S_inter_search not sent

· measurement_quantity CPICH Ec/Io

· Treselection = 0 s;

· Qhyst = 0 dB

· Qoffset = [0 0] dB;

· Qqualmin = -20 dB;

· Qrxlevmin = -115 dBm;

· UE_TXPWR_MAX_RACH = 21 dBm;

· P_MAX = 21 dBm;

The channel conditions during the test were as follows

	
	During T1 = 15s
	During T2 = 15s

	
	Cell 1
	Cell2
	Cell1
	Cell2

	Carrier Frequency
	Channel 1
	Channel 2
	Channel 1
	Channel 2

	Ior (dBm)
	-73.4
	-67.8
	-67.8
	-73.4

	Ioc (dBm)1
	-68.64
	-67.77
	-67.77
	-68.64

	CPICH_Ec/Ior
	-10
	-10
	-10
	-10

	CPICH_Ec/Io2
	-16
	-13
	-13
	-16


Notes

1 Test A.4.2.2 specifies an Ioc fixed at –70dBm. However as the simulation model only simulates two cells so the value of Ioc was changed to add the additional power from cell 3,4 and 5 in order to keep the real geometry unchanged from the existing test case.

 2 This value is shown for information and is the expected Ec/Io measurement

The results of this simulation are shown in Figure 1 and Figure 2. Figure 1 shows the filtered Ec/Io measurements made by the UE, and the cell that is currently evaluated by the UE as the best ranked cell. Figure 2 shows a histogram of the reselection delays that occurred in approximately 100 iterations of the test.  Reselection delay is defined as the time between the power levels of the cell being switched (which is not synchronised to a UE DRX cycle) and the measurement evaluation that the active cell should be changed.

From Figure 2, it can be seen that in all 100 iterations of the simulation, Tevauate,FDD was less than 6 seconds. This gives a good level of confidence that the simulation meets the requirements in section 4 of TS25.133
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Figure 1: Filtered UE measurements during simulation test 1, static channel conditions
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Figure 2: Histogram of simulation  Tevaluate,FDD  result while running simulation test 1, static channel conditions

2. Simulation test 2: Fading channel, serving cell < S_search_inter

This is the first of two simulations that may be used to define fading reselection testcases. The key parameters of the simulation are

· S_inter_search –10dB (so always measuring neighbour)

· measurement_quantity CPICH Ec/Io

· Treselection = 5 seconds;

· Qhyst = 2dB

· Qoffset = [0 0] dB;

· Qqualmin = -20 dB;

· Qrxlevmin = -115 dBm;

· UE_TXPWR_MAX_RACH = 21 dBm;

· P_MAX = 21 dBm;

	
	During T1 = 60s
	During T2 = 60s

	
	Cell 1
	Cell2
	Cell1
	Cell2

	Carrier Frequency
	Channel 1
	Channel 2
	Channel 1
	Channel 2

	Ior (dBm)
	-74.75
	-64.13
	-64.13
	-74.75

	Ioc (dBm)
	-70
	-70
	-70
	-70

	CPICH_Ec/Ior
	-10
	-10
	-10
	-10

	CPICH_Ec/Io1
	-16
	-11
	-11
	-16


Notes

1 This value is shown for information and is the expected average Ec/Io measurement when the channel gain is 0dB

The main changes that have been made for this simulation compared to the previous static simulation are

· The static channel has been replaced with a case 5 fading channel, UE speed = 50 km/h

· Treselection has been changed to 5 seconds and Qhyst has been changed to 2dB to give increased robustness and reliability in a fading environment

· The power of the cells has been adjusted to give a larger difference in Ec/Io between the selected cell and the neighbour due to Ec/Io level variation caused by fading propagation conditions. 

Results from this simulation are shown in figures 3 and 4. From these results it would be possible to define a new fading test. For example, the test could require the UE to reselect within a certain time[TBD] of the power switch at the transition from T1 to T2 or T2 to T1. After  this first reselection the testcase could specify that the UE should not make any more reselections until after the next power switch.
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Figure 3 : Ec/Io for a single iteration of the fading testcase
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Figure 4: Histogram of 100 iterations showing reselection times measured for the fading testcase

3. Simulation test 3: Fading channel, serving cell > S_search_inter, RSCP based reselection

This test is intended to check that a UE does not reselect to a better neighbour cell, when the serving cell is sufficiently strong, even though the neighbour cell is even stronger. It is intended to check the robustness of the serving cell measurements in fading conditions, specifically checking that Treselection is correctly applied to measurements of the serving cell as well as the neighbour cell, so that the UE does not immediately reselect if the serving cell goes into a fade. This test also uses RSCP as the measurement quantity rather than Ec/Io, partly to improve test coverage.

· S_inter_search –16dB

· measurement_quantity  CPICH RSCP

· Treselection = 10 seconds

· Qhyst = 2dB

· Qoffset = [0 0] dB;

· Qqualmin = -20 dB;

· Qrxlevmin = -115 dBm;

· UE_TXPWR_MAX_RACH = 21 dBm;

· P_MAX = 21 dBm;

	
	During T1 = 60s
	During T2 = 60s

	
	Cell 1
	Cell2
	Cell1
	Cell2

	Carrier Frequency
	Channel 1
	Channel 2
	Channel 1
	Channel 2

	Ior (dBm)
	-65
	-90
	-65
	-50

	Ioc (dBm)
	-70
	-70
	-70
	-70

	CPICH_Ec/Ior (dB)
	-10
	-10
	-10
	-10

	Nominal CPICH RSCP (dB)
	-75
	-100
	-75
	-60


Time period T1 is used to try to ensure that the UE is selected to cell 1. When the power levels are switched at the transition from period T1 to period T2, the level of cell 1 is unchanged, however cell 2 is increased to be 10dB stronger than cell 1. Since cell 1 should on average be 10dB stronger than the S_search_inter threshold, a UE should not reselect to cell 2, even though cell 2 is the better ranked cell. Therefore a successful outcome of this test is that the UE remains selected to cell 1 during T2 and does not reselect to cell 1.

Figure 5 shows the RSCP measurements and selected cell from the simulation during time periods T1 and T2.  During 100 runs of this simulation, no unwanted reselections to cell 2 occurred during time T2.
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Figure 5: RSCP and selected cell during test 3

Conclusions

In this paper, a very preliminary investigation into the RAN2 request to study possible tests for reselection in a fading environment has been presented. Some initial simulation results have been presented which indicate that further work could be done in this area. We would like to hear the RAN4 view on whether it is worthwhile to proceed in this area, and if so, what the next steps could be. Hopefully the very early results that have been presented here are useful in illustrating one possible approach to working on the RAN2 request.

So far, we have concentrated on the UTRAN interfrequency cell reselection case as a possible first step in verifying the simulation method. Another important area to look at would be UTRAN to GSM reselection. This reselection is potentially even more problematic with regard to UE battery life and use of network resources as the GSM cell and the UTRAN cell will typically belong to different location areas
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