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1
Introduction and overall description

When the UE performs measurements on neighbouring inter-RAT (e.g., GSM) cells, the inter-RAT cells are identified in the MEASUREMENT REPORT by an "Inter-RAT cell id". The "Inter-RAT cell id" is a 5-bit reference, representing one of the inter-RAT cells given in the IE "Inter-RAT cell info list" in the MEASUREMENT CONTROL. The full inter-RAT cell specification, in case of GSM, comprising the BSIC and the ARFCN of the BCCH carrier, is given in the MEASUREMENT CONTROL and stored in the variable CELL_INFO_LIST in the UE.

The "Inter-RAT cell id" in the measurement report is thus an indirect identification of the corresponding cell. If new measurement control information is sent to the UE, the mapping between the "Inter-RAT cell id" values and the actual inter-RAT cells may be changed. If the measurement control information is changed frequently, the mapping of the "Inter-RAT cell id" to the actual inter-RAT cells could be very dynamic.

If the RNC receives a measurement report shortly after new measurement control information was sent to the UE, it could be impossible for the RNC to determine whether an "Inter-RAT cell id" in the report refers to the "Inter-RAT cell info list" before or after the new measurement control information was received and processed by the UE. Consequently, the cell identification could become ambiguous, if the same identification value was used before and after the change, but representing different cells. The measurement report is used to guide the handover decisions in the RNC. Ambiguous cell identifications might cause handover decisions that are seriously wrong, causing dropped calls and/or serious loss of performance.

2
Inter-RAT cell measurements

When a UTRAN network is implemented in an urban area, overlaying an existing, and often, a dense GSM infrastructure, each UTRAN cell may have a large number of GSM neighbours. If the GSM network is used as a backup for the UTRAN network, a reasonable approach by the operator is to list all the GSM neighbours in the measurement control information, in order to collect measurements from the UE for the best available GSM cell, in case the UTRAN coverage is fading.

Whenever the active set of UTRAN cells is changed (i.e., at soft handover), it is also reasonable to update the measurement control information, so that the GSM neighbours of all of the UTRAN cells within the active set are included in the "Inter-RAT cell info list" kept by the UE. In this way, it is not unusual that the total number of GSM neighbours that need to be represented in the "Inter-RAT cell info list" reaches close to the maximum number of entries in the list, given by the parameter: maxCellMeas = 32. Moreover, it is not unusual that a large portion, maybe as much as one third (1/3) of those cells need to be replaced at an update of the active set of UTRAN cells.

If, for example, the "Inter-RAT cell info list" contains 28 GSM cells before an update of the active set, and if 10 of those need to be replaced by 8 other GSM cells in conjunction with the update of the active set, it is evident that, after the change, a number of the new GSM cells have to be represented by "Inter-RAT cell id" values that were representing something else before the change. In other words, one and the same "Inter-RAT cell id" value may represent completely different GSM neighbours before and after the active set update.

It is not difficult to imagine that if measurements on two different GSM neighbours are confused in the RNC, it may lead to seriously wrong handover decisions, dropped calls and other problems. In order to provide a reliable interoperation between the UTRAN and the GSM networks, it is necessary that the RNC is able to keep track of the accurate representation of the GSM neighbours in the measurement reports. In the following section, a few different ways to accomplish that are discussed.

3
Potential solutions

3.1
Method using RRC roundtrip time

There are different ways the RNC could use to reduce the problems mentioned in the introduction of this paper. The RNC could make an estimate of the roundtrip time for this kind of signalling. When new measurement control information is sent, a timer equal to the estimated roundtrip time could be started. The RNC could then assume that the measurement reports received before the timer expires were based on the measurement control information before the change; and that the measurement reports received after the timer expires were based on the measurement control information after the change of the measurement control information stored by the UE.

A problem with this method is that the roundtrip time, as seen by the RRC layer, is usually not possible to predict accurately enough. The transmission delay through the lower layers is shifting from time to time. A timer-based method like this is thus not fully reliable. Questionable measurement reports might have to be disregarded, in order to avoid confusion. If the measurement was triggered by an event mechanism, such losses could lead to other problems, because significant information from those measurements could then be permanently lost.

This method could be improved if RRC uses the RLC Confirmation Request in the downlink direction. In that way, the uncertainty about the point in time when the UE receives the new measurement control information can be reduced. However, an uncertainty about the precise processing time in the UE and the varying signalling delays in the uplink direction would remain. Therefore, this method is not fully reliable.

3.2
Method keeping "Inter-RAT cell id" values in quarantine

The problem with the confusion of inter-RAT cell identities could be handled by putting recently released "Inter-RAT cell id" values in a sort of "quarantine" for a short period of time, before they are allowed to be reused. 

In practice this means that when new inter-RAT cells are added to the "Inter-RAT cell info list", the RNC has to ensure that the "Inter-RAT cell id" values, used to identify the added cells, were not used to represent other cells just before. Hence, when inter-RAT cells are removed from the list, the "Inter-RAT cell id" values that are de-allocated has to be kept aside (i.e., in "quarantine"), and not be reused before the quarantine period has ended.

An adverse effect of this method is that the effective number of inter-RAT cells that can be kept on the "Inter-RAT cell info list" is reduced. For example, if one third (1/3) of the inter-RAT cells need to be replaced at an active set update, it might not be possible to hold more than about 24 inter-RAT cells in the "Inter-RAT cell info list" at any point in time. The list as such may hold up to 32 inter-RAT cells, but about a quarter of the "Inter-RAT cell id" values might need to be kept in quarantine after they have been released, and thus, the useful number of list elements is effectively reduced.

In a case where a dense GSM network is used to backup the UTRAN network, the number of GSM neighbours that need to be included in the "Inter-RAT cell info list" usually large. The reduction of the number of useful elements in the "Inter-RAT cell info list" is therefore highly undesirable.

3.3
Method extending the inter-RAT cell identities

The two previous solutions have the advantage of not affecting the UE. They can be implemented based on the existing standards. However, none of them is able to defeat the problem without notable adverse effects.

An alternative to those methods could be to extend the MEASUREMENT REPORT and to replace the indirect identification of inter-RAT cells, i.e. the IE "Inter-RAT cell id", by an explicit identification including both the ARFCN and the BSIC of the inter-RAT cells (or just the ARFCN, if the BSIC identification has not been performed by the UE).

However, taking this approach would require quite substantial changes in the encoding of the inter-RAT measurement reports. Such changes might be technically feasible, but are not recommended.

3.4
Proposed method using "Inter-RAT cell info indicator"

Another, and probably a more realistic way to improve the situation would be to include information in the measurement reports that explicitly indicate to the RNC which version of the measurement control information the UE was using when the measurement report was generated. There are different alternatives:

a)
The UE could include the "RRC transaction identifier", or part thereof, from the last MEASUREMENT CONTROL, which the UE has received, and which modified the "Inter-RAT cell info list" in the MEASUREMENT REPORT for measurements of type "Inter-RAT measurement".

b)
A separate indicator could be included in the MEASUREMENT CONTROL and stored by the UE when the "Inter-RAT cell info list" is changed. The value of that indicator could then be included in the MEASUREMENT REPORT for measurements of type "Inter-RAT measurement".

In this way, the RNC should be able to determine exactly which version of the "Inter-RAT cell info list" the "Inter-RAT cell id" values in the MEASUREMENT REPORT refers to. Any ambiguity in that respect should be possible to resolve.

It is here proposed to use the alternative b) above. The reason for that is that the "RRC transaction identifier" is intended for quite different purposes. It is not specified how the RNC is supposed to step the "RRC transaction identifier" in the RRC messages. It seems inappropriate to assume that the RNC shall manage the "RRC transaction identifier" specifically with regard to the management of the "Inter-RAT cell info list". Therefore, a separate indicator is proposed. The details of the proposal can be found in the attached CR [1].

The method proposed here has clear advantages compared to the other methods described above in this paper. It is more accurate and reliable than using the roundtrip time of the RRC signalling. It also allows the RNC to use the entire range of the "Inter-RAT cell id" values.

It is proposed that the method described in this paper is introduced in REL‑5 version of the specification, using non-critical extensions of the MEASUREMENT CONTROL and MEASUREMENT REPORT messages. In that way, it would be possible to implement based on the REL‑5 version of the specification. Still, the changes would be backward compatible with the existing REL‑5 version of the specification.

If the method were introduced only in REL‑6 onward, it would not be possible to implement it, unless there is a stable version of the RRC message coding available for REL‑6 (ASN.1). That might not be available for quite some time. The problem is too urgent for that.

It can be noted that GSM has used a technique similar to that described here with proven good results. For instance, GSM always included the BA‑IND and BA‑USED indicators, respectively, in the IE "Neighbour Cell Description" sent to the mobile station via system information and in the IE "Measurement Results" returned to the network in the measurement reports [3GPP TS 44.018]. The BA‑IND and BA‑USED are one-bit indicators that are used much in the same way as suggested here.

4
Conclusion

A method is proposed, which allows the RNC to perform an accurate treatment of measurement reports received from the UE. In particular, when the interpretation of the measurement reports depends on the measurement control information that was active in the UE when the measurement report was generated, it is claimed that the proposed method has clear advantages compared to alternative methods, based on the existing RRC standard [REL‑5].

It is proposed that the new method is introduced as part of the REL‑5 version of the standard. The details of the proposal can be found in the attached CR [1].

It is acknowledged that ongoing UE design [REL-5] might not be able to take the proposed changes into account immediately. However, it is urged that new UE designs should take the proposed method into account within reasonable time after a new version of the standard, including the new method, has been published.

5
Attachments

[1]
R2-041929 (attached CR): "Proposed CR to 25.331 [Rel-5] on Measurement control information used".
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