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1. Introduction

In [1] and [2] the possibility of providing fading RRM test cases was discussed in RAN4#49. The purpose of this discussion paper is to provide further input to RAN4 on the way forward for additional fading test case coverage
2. Applicability of core requirements

Considering the discussion in [1] we think it would first be beneficial to review core requirements in 36.133 since it is important that test cases are developed on top of solid core requirements.

The following analysis is our understanding of the applicability of core requirements to fading in 36.133

	Clause
	Comments on applicability

	4.2
Cell Re-selection
	Cell detection should be applicable in fading conditions

Reselection triggering depends on absolute measurement (compared to thresholds) for absolute priority reselection, or to relative difference in measurements (for ranking)

Filtering requirements (2 sample minimum/Tevaluate maximum) provide an indication of the minimum and maximum allowable filtering, which implies a certain performance in fading.

Accuracies are not specified for idle mode (clause 9.1 is specifically for RRC_Connected state), nor are they specified for fading conditions.

	5. E-UTRAN RRC_CONNECTED state mobility
	Since these are requirements on the UE execution time after a handover command is successfully received, the propagation conditions are not relevant to the basic requirement. Nevertheless, a test case in fading conditions would have to ensure that either the handover command could be reliably received on the first attempt, or else would somehow need to account for HARQ retransmissions. “Last TTI containing the RRC command” which is referred to in the requirement is less well defined in this case

	6.1
RRC Re-establishment
	This delay requirement is made of various component delays, as can be seen from the equation

Tre-establish_delay= TRRC_re-establish_procedure_delay+ TUL_grant + TUE_re-establish_delay

TUE-re-establish_delay = 50 ms + Nfreq*Tsearch + TSI + TPRACH

In principle, it seems that the requirement would be applicable in fading. UE implementation aspects such as Nfreq*Tsearch are similar to those in 36.133 chapter 8,. Other requirements (eg TSI_) are dependent on downlink demodulation and would need to be considered carefully in a test case, but at least the formulae appear valid for fading propagation.

	6.2 Random Access
	Requirements are behavioural in nature, and should be fairly independent to propagation conditions.

	7.1 Timing and signalling characteristics
	TX timing requirement in section 7.1 is defined relative to the first detected downlink path in time. This requirement considers to an extent multipath propagation conditions
TX timing advance requirements are more functional in nature, and should be obeyed by the UE according to the requirements in section 7.3  if they are successfully received. Assuming that timing advance command can be received without error, it should be obeyed equally well by the UE in any propagation conditions.

Similarly, UE timer accuracy requirements in section 7.2 are internal UE requirements, and should be agnostic to propagation conditions.



	8
UE Measurements Procedures in RRC_CONNECTED State
	As discussed previously in RAN4, requirements are general ones, verified applicable in a wide range of fading conditions by simulation. Nevertheless, there may be some rare exceptional cases in which it is not possible to meet the general requirements

	9. Measurements performance requirements for UE
	It is explicitly stated in this chapter that requirements are applicable in AWGN “The accuracy requirements in this clause are applicable for AWGN radio propagation conditions”


Table 1: Applicability of various sections of 36.133 to different propagation conditions

From table 1, it can be seen that the main requirement which is explicitly not applicable in fading is measurement accuracies. Since most testing depends strongly on the UE triggering a measurement report (or triggering a reselection), it is therefore necessary to carefully design test cases to ensure that events are triggered reliably, or only triggered with low probability according to test case objectives.
Such issues would normally be checked by simulation, in order to set suitable average power levels for cells in the test case. Past experience indicates that even this may need to be done with care. Simulation involves assuming a certain reference UE implementation but the simulation outcome may be rather dependent on the assumptions made. For example, in UTRA a test case was developed to ensure that the UE does not trigger erroneous events in fading conditions[14]. Later, analysis and simulation results were provided in [15]  showing  that the assumptions of averaging and evaluation schemes have a significant impact on the probability of erroneous reporting but on the other hand it also has high impact on the delay and general performance of correct reporting. Without considering such issues, it would be possible to develop a test case which inadvertently encouraged averaging strategies which would give low erroneous event triggering rate, but on the other hand would lead to increased delay and reduced performance when considering non-erroneous events.
Considering now the development of fading test cases for E-UTRA, it should be possible to learn from past experiences such as this, and avoid some pitfalls which might otherwise be possible. Nevertheless, if test cases are developed in new areas such as idle mode, there is less that is mandated in core requirements about measurement filtering than in RRC_Connected state, and it would be possible to have a test case which favoured a particular implementation which was not necessarily the best one from a field performance perspective.
In the next section, we consider in more detail one  previous attempt at developing idle mode test coverage for UTRA, which was not finally concluded by RAN4.

3. Previous attempts at increasing UTRA idle mode test case coverage to fading
In meeting RAN4#34, RAN4 received a liaison statement from RAN2 [3], which had an action for UTRA“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.”
As a result of this liaison statement, a work plan was produced [4] and Nokia provided initial simulation results and proposed simulation assumptions in [5] and [6]. However, despite the initial interest in RAN2 and RAN4 in extending UTRA reselection test case coverage to fading conditions, other companies did not provide simulation results. This was discussed during meeting RAN4#36[7] and it was concluded that RAN4 would prioritise the work on Combined inter-frequency and inter-RAT measurement requirements[8]. As a result, the corresponding Nokia simulation results for the fading reselection test case development were withdrawn from meeting RAN4#36, and the work was never restarted by RAN4.
As this has been studied previously, it may be useful to briefly re-present some of the UTRA results from 2005 for fading reselection, as these illustrate some of the technical issues that need to be solved, and possible approaches. 

Considering some of the technical issues that need to be solved, some discussion was provided in [5]


As mentioned, the approach was first to model a “reference” UE implementation which just passes the UTRA inter-frequency test case A.4.2.2. Simulation results for the scenario in the A.4.2.2 test case are reproduced below
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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

Having tuned such aspects of the reference UE implementation such that the static test requirement was met for Tevaluate, the next task performed was to replace the static channel model with a fading channel model. For these simulations, a case 5 fading channel with UE speed of 50km/h was used. This channel corresponds to a fairly extreme case of a 2 tap channel, with the 2nd tap at a delay of 1 chip and -10dB relative to the first tap, so rather flat fading and deep fades can occur in the measured value of Ec/Io as can be seen in figure 3.

To try to avoid triggering reselections in the simulations due to short term radio variations, a number of changes were made to reselection parameters compared to the static case

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

· The power of the cells was been adjusted to give a larger difference in Ec/Io (5dB compared with 3dB) between the selected cell and the neighbour due to Ec/Io level variation caused by fading propagation conditions. 

These parameter changes appeared sufficient to make the probability of false reselection very small, so it was proposed that the test case would have a joint requirement not to perform any reselections at unexpected times, and simultaneously to ensure that wanted reselections occurred within some agreed test requirement.

Figure 4 shows a histogram of 100 reselection times, based on these changes. From this histogram, it can be seen that in fading environments, reselections took longer (mainly due to the increased Treselection and hysteresis). There is also increased variance in the reselection time, due to the less predictable fading environment.
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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

4. General Applicability to E-UTRA 

The previous discussion on UTRA was included to illustrate a number of points, which we think are relevant also to developing fading tests for E-UTRA

· In certain instances, simulation effort is likely to required, and unlike the UTRA work which was discontinued, it would be good to ensure in the beginning that multiple companies are committed to contributing results to ensure the quality of the work. Nevertheless, we have also given thought to some approaches requiring less simulation work in the following section
· Especially for idle and RRC connected DRX cases, the simulation outcome may be rather dependent on assumptions made about the reference implementation that is simulated, and it is possible to disadvantage certain kinds of implementation with these test cases. Especially it may be possible to make a test case which favours implementations which only just meet minimum requirements over implementations which exceed minimum requirements (eg by performing more frequent measurement sampling than the minimum requirement)

· Some features of LTE may also be beneficial in simplifying the development of fading tests, compared with previous UTRA experiences. For example, absolute priority reselection may allow for a rather more clear-cut reselection decision than ranking, provided that the test signal levels (eg RSRP) are set rather far from the relevant thresholds.

5. Possible approaches to fading testing

In this section, we consider some approaches to reduce the simulation effort which would be required, especially as we have seen that this effort involves making certain assumptions about UE implementation which are not completely justified, and to which the test outcome may be rather sensitive. The feasible approach depends on the objective of  the test, but the idea is to develop some approaches which would facilitate faster development of RRM tests which are applicable in fading.

1. Cell Identification Testing
Traditionally, RAN4 tests cell identification using an event triggered report of the new cell. This approach needs some care, because although the cell identification requirements are generally applicable, it could be that the event fails to be triggered (or is triggered at a later time) due to variability in the measured value. Approaches such as using L3 filtering or time to trigger may be used, but they reduce visibility of the underlying cell identification time. 

An alternative approach which RAN4 could consider is to make use of periodic reporting, in which all identified cells are reported. In this approach, the inclusion of a particular cell in the measurement report would indicate that it had been identified by the UE, regardless of the actual RSRP or RSRQ reported for that cell.
One limiting aspect in this approach is how frequently periodic reports may be requested. RAN2 specifications define fastest rate of measurement reporting as 120ms, which gives a reasonably good resolution for testing of cell identification time.
2. Filter response time

When evaluating that measurement filters respond sufficiently rapidly in fading, it may be sufficient to consider rather large power margins in test cases, eg stepping a signal level from well below to well above an absolute reselection, or event triggering threshold. The thinking here is that large changes in signal level are at least as demanding (possibly more demanding) when testing for fast filter response and evaluation, compared with small changes in level. Some simulation effort may be needed to determine what would be meant by a “large” change in measurements (eg as shown in figure 3, UTRA Ec/Io can vary in fading conditions by something like 6-8dB even with a 6 sample filter). However, some simulation results may already be available from previous RAN4 contributions. For example, in [9] there are simulation assumptions for intra-frequency RSRP accuracy studies in EPA 5Hz and ETU 70Hz and some companies presented corresponding results[10,11,12] in RAN4#43bis and a corresponding text proposal was agreed to the E-UTRA technical report [13]. Based on such results, and considering the benefits of developing test cases more rapidly without the need for extensive further simulation, it may be possible to define test cases in fading conditions (eg reselection) based on >10dB margin with less effort expended.
Alternatively, it may also be argued that AWGN tests are sufficient to verify sufficiently rapid response of measurement filters.
3. Filter stability

Filter stability tests are the opposite aspect, compared to filter response testing. In these tests, the objective is to ensure that UE filtering is sufficient, which may be important, for example in preventing ping pong handover or reselection. For these tests, one objective may be to ensure that unwanted events or reselections do not occur. Such tests have already been developed for UTRA RRM, and it seems important that some similar tests are available for E-UTRA.

In these tests, it is of interest to set the power levels of the cells relatively close to each other, and to count unwanted events. Some further simulation work seems necessary to investigate and provide suitable power level settings for cells and other related parameters.
6. Dimensions of testing

Several dimensions of testing are identified. It might not make sense to test all of these dimensions, and in addition it seems clear that very significant prioritisation is needed due to the large number of scenarios which could be tested, most of which appear to need more detailed study than AWGN tests, and possible simulation work.

1. Source cell RRC state
· Idle
· RRC_Connected with no DRX (E-UTRA) or Cell-DCH (UTRA)
· RRC_Connected with large DRX (E-UTRA)
2. Source cell type
· E-UTRA FDD
· E-UTRA TDD
· UTRA (inter RAT tests to E-UTRA targets only)

3. Target cell type

· Intra frequency E-UTRA FDD or TDD (from E-UTRA source cell only)
· Inter frequency E-UTRA FDD or TDD(from E-UTRA source cell only)
· Inter RAT E-UTRA (from UTRA FDD or UTRA TDD source)
· UTRA FDD

· UTRA TDD

· GSM with BSIC identification

· GSM without BSIC identification

4. Test Purpose

· Cell identification/detection
· Measurement filtering response time (AWGN testing would be sufficient?)
· Ping pong prevention
5. Propagation conditions, speed etc
When coming to the individual details of a particular test, there may well be more dimensions, eg reselection to lower priority inter frequency cells has rather different performance requirements than reselection to the same or higher priority targets.

7. Conclusions

This discussion paper is intended to facilitate further discussion of the way forward with fading RRM tests. Specifically, the following areas have been covered

1. Indication of our understanding of the applicability of all main RRM core requirements to fading has been provided

2. Work previously initiated by Nokia and Vodafone in 2005 has been re-presented to give an idea of the kind of work which might need to be done in this area, and also an indication of the areas that need to be handled with care, especially in idle mode
· Don’t want to force UE manufacturers to make a certain kind of idle mode implementation which may not be optimal from either a system performance or  battery consumption point of view by a poorly designed test case
3. Possible alternative approaches to the traditional ones used by RAN4 such as use of periodic measurement reports could perhaps be considered, especially to test cell identification/detection performance.

4. There are many different kinds of fading test which could be developed, even considering the different dimensions in section 6. Since such tests imply a very significant effort in standardisation (both RAN4 and RAN5), test system implementation and add to the certification cost of terminals, it should be carefully considered exactly which tests are needed to give a good level of confidence in UE behaviour. Our view is that a small number of carefully chosen fading tests (similarly to UTRA, possibly with some additional extension to certain DRX cases) may provide benefit but it is also very desirable to limit the scope of the additional work wherever possible.

We welcome further feedback and discussion in this area, so that a suitable planned way forward may be agreed.
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One difficulty in developing fading reselection tests is that there are few requirements in [25.133] 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
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