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1
Introduction

In UTRAN, the different frequency bands (e.g., FDD operating band I and FDD operating band IV; TS 25.101) may include partly overlapping sets of downlink frequencies. The general UARFCN values can be used to represent the particular RF carriers (TS 25.101, table 5.1), independent of the operating band. Consequently, it is not possible to distinguish cells belonging to one or the other operating band, just by analysing the corresponding DL-UARFCN values.

This is a fact that could cause some inter-working problem between GERAN and UTRAN. In particular, if there is a UE in GERAN dedicated mode, and if the UE does not support the operating band of those UTRAN cells listed in the 3G neighbouring cell information the UE receives in GERAN, the UE could be unable to determine whether it supports those UTRAN cells, or not. Consequently, the UE could perform measurements and it could send measurement reports to GERAN, indicating UTRAN cells being eligible for inter-RAT handover, although the UE is not supporting the operating band those UTRAN cells belong to.

An exception to the rule is the UARFCN values for the additional channels defined in TS 25.101 table 5.1A for the operating bands II, IV, V and VI. Those are specific for the respective operating band and should not be possible to confuse. However, the network is not restricted to those additional channels, so the problem with the general UARFCN values is not avoided by the existence of those additional channels.

An even worse problem could arise from the fact that some of the UTRAN operating bands, e.g., band V and band VI are sharing both the downlink and the uplink frequencies (i.e., having the same TX – RX separation), but having different RF requirements in other aspects. Consequently, in these cases, it is not possible for the UE to determine the operating frequency band, even if both the DL-UARFCN and the UL-UARFCN are provided.

2
Analysis

2.1
GERAN dedicated mode

In GERAN dedicated mode, and in GERAN dual transfer mode, the UE receives measurement information from the BSC on SACCH containing a list of 3G neighbouring cells. A UTRAN FDD neighbouring cell is, in this respect, identified by its DL-UARFCN and the primary scrambling code. This information enables the UE to perform measurements of the CPICH Ec/No, CPICH RSCP and CPICH RSSI (TS 45.008) on the identified UTRAN FDD cells and report the results of those measurements to the BSC. However, at this stage, the UE is not able to tell whether an UTRAN FDD cell, e.g., within the frequency range 2110 to 2170 MHz, belongs to the operating band I or IV (having different TX – RX frequency separations).

For a UE supporting only one of those operating bands, it is evident that the UE could deliver quite useless measurement results to the BSC, if the particular UTRAN FDD operating band does not match the UE RF capabilities. There are at least two potential risks involved:

–
Performing measurements on non-supported UTRAN cells could prevent the UE from performing, or delay the performance of other measurements and the reporting of the measurement results on other (GERAN or UTRAN) cells, which are supported by the UE.

–
The measurement results concerned with non-supported UTRAN cells could trigger the indication that an inter-system handover to one of those cells is required for the UE.

In both cases, a certain loss of performance and efficiency in the management of the UE could be expected. In the latter case, the false indications could also generate an unwanted and useless signalling load on the MSC and the target RNC.

Presumptively, if an inter-system handover required is indicated, and if the UE RF capabilities are sent forward from the BSC to the RNC in the indication, the target RNC should be able to analyse the UE RF capabilities and reject the procedure. If not, and if an handover to UTRAN command is eventually sent to the UE, the UE could itself be able to determine, based on the information about the target UTRAN cell in the command, that the handover is not possible. The UE should reject the handover command in that case.

Conclusion: The inability of the UE to accurately determine the UTRAN operating band, based on the 3G neighbouring cell information received in GERAN dedicated mode, could lead to a an inefficient management of the locating of the UE in the network, if the UE RF capabilities in UTRAN does not match the particular UTRAN operating band. Useful measurements on both 3G and 2G neighbouring cell might be blocked by the UE performing useless measurements on 3G neighbouring cells in an unsupported operating band.

Serious errors (like dropped calls, etc.) should be possible to avoid. However, the false inter-system handover attempts towards unsupported 3G cells could cause unnecessary signalling load between the BSS, the core network and the target RNC. Potentially, those false inter-system handover attempts could cause incorrect handover to UTRAN commands to be sent to the UE in GERAN dedicated mode. In most cases (cf. NOTE 1 and NOTE 2), the UE should be able to reject an incorrect handover to UTRAN command, provided that both the DL-UARFCN and the UL-UARFCN are explicitly signalled to the UE in the command.

NOTE 1:
Due to the potential ambiguity in the DL-UARFCN regarding the operating band, it is essential that the RNC provides both the DL-UARFCN and the UL-UARFCN in the IE 'Frequency info' in the handover to UTRAN command sent to the UE. Otherwise, the UE might be unable to determine the accurate operating band of the target UTRAN cell. If the operating band of the target UTRAN cell is not satisfactorily specified, a UE supporting the wrong operating band could start transmitting on the wrong uplink frequency. Not only that the call might be dropped, there could also be a regulatory issue out of this kind of failure. – Ericsson intends to provide a change request to TS 25.331 in order to clarify the requirement on the RNC regarding the IE 'Frequency info' in this case.

NOTE 2:
Providing both the DL-UARFCN and the UL-UARFCN in the IE 'Frequency info' does not resolve the potential problem where two UTRAN operating bands share both the same downlink and uplink frequencies (having the same TX – RX separation). It is unclear if there are any realistic use scenarios in the near future where this becomes an actual problem. However, there is a potential problem for the future.

2.2
GERAN idle mode

In GERAN idle mode, and in GERAN packet idle mode, the UE receives information about the 3G neighbouring cells that is broadcast on (GERAN) BCCH, or possibly on PBCCH. Like in the case of GERAN dedicated mode, the UTRAN FDD neighbouring cells are identified by their DL-UARFCN and the primary scrambling code. The UE performs similar type of measurements, as it does in GERAN dedicated mode, as a basis for cell re-selection from GERAN to UTRAN.

The UE shall not perform cell re-selection to a UTRAN cell that is not suitable (TS 25.304). However, the parameters to determine if a UTRAN cell is suitable are broadcast on the UTRAN BCCH. In particular, the information about the operating band the UTRAN cell belongs to, that information is contained in SIB5 or SIB5bis. If the UE cannot find the information about the UTRAN operating band (e.g., because SIB5 is missing), or if the UE finds out that the UTRAN cell belongs to an operating band it does not support, the UE shall consider that cell as "barred" (TS 25.331) and thus "not suitable" (TS 25.304).

The UE may start the re-selection towards a UTRAN cell before decoding the BCCH of the UTRAN cell. That may lead to a short interruption of the service, if the UTRAN cell is found being "not suitable". This is a slight deficiency of the system, which is already captured by a note in TS 45.008. Although not perfect, this kind of deficiency has thus already be considered and found acceptable.

Conclusion: In GERAN idle mode, and in GERAN packet idle mode, the UE can find out which UTRAN cells that are "suitable", by analysing the information broadcast on the UTRAN BCCH. There is a lack of information about the UTRAN operating band in the 3G neighbouring cell information broadcast on the GERAN BCCH (and PBCCH). However, the UE should be able to compensate that. It should therefore not lead to any significant problem for the system.

2.3
GERAN packet transfer mode

In GERAN packet transfer mode, the UE handles the cell re-selection in essentially the same manner as it does in GERAN packet idle mode. A difference is that the UE is typically not able to receive the UTRAN BCCH information during a packet transfer in GERAN. The decoding of the BCCH of a UTRAN cell may therefore require the interruption of the packet transfer in GERAN.

Consequently, the impact on the system performance is somewhat worse in the GERAN packet transfer mode than in the GERAN idle mode or GERAN packet idle mode cases. However, the occasional loss of GPRS packets on the radio interface in GERAN is usually not a serious problem. In particular, during cell re-selection, this is more or less a part of the normal behaviour, which can be compensated at upper layers or by other means.

Conclusion: The system impact should be similar to that in GERAN packet idle mode. GPRS packets will occasionally be lost at the radio interface, when the UE needs to decode the BCCH of the UTRAN cells. However, such GPRS packet losses are not unusual during GERAN cell re-selection. The overall impacts on the system performance should not be too significant.

2.4
GERAN NC2 mode of operation

A GPRS capable UE in GERAN packet idle mode or GERAN packet transfer mode may be commanded into "NC2" mode of operation. The NC2 mode of operation is characterised by behaviour similar to that in GERAN dedicated mode, in such way that the UE performs neighbour cell measurements and sends measurement reports to the network. The network controls the cell re-selection by means of cell change orders that are sent to the UE, based on the measurement reports.

Like in the case of GERAN dedicated mode, the UTRAN FDD neighbouring cells are identified by their DL-UARFCN and the primary scrambling code. Since this information is not always sufficient to distinguish the UTRAN operating bands, there is the same risk, like in the GERAN dedicated mode, that the UE performs measurements and sends measurement results to the network regarding UTRAN cells that are not suitable, because they belong to an operating band not supported by the UE. If the network orders a cell change to such a cell, the cell change is bound to fail.

It is somewhat unclear how the UE will behave in this situation. It might return to the original GERAN cell and send a cell change failure message, but also other UE implementations could perhaps be possible. If the UE returns to the original GERAN cell, the overall impact on the system performance should be similar to those in GERAN packet idle mode or GERAN packet transfer mode (NC0 or NC1 mode of operation).

However, since the BSS might not be aware of the particular cause of the problem, there is a risk that the BSS keeps repeating the cell change order towards UTRAN cells that are not suitable for the UE. In that case, the system impact could be more serious than in the typical (NC0) mode of operation in GERAN packet idle mode and GERAN packet transfer mode, where the UE should "learn" which UTRAN cells are suitable and not.

Conclusion: The system impacts could be similar to those in GERAN packet idle mode and in GERAN packet transfer mode (NC0 mode of operation). However, because the BSS might not be aware of the UTRAN cells not being suitable for the UE, the BSS might keep repeating the cell change orders towards UTRAN cells that are not suitable for the UE. In that case, the system impacts are likely worse than in the GERAN NC0 mode of operation.

3
Conclusion

It has been found the information about the 3G neighbouring cells, provided to the UE in a GERAN cell, is not always sufficient to determine the particular operating frequency band that the UTRAN FDD cells belong to. This may lead to certain adverse effects for the inter-working between GERAN and UTRAN.

The most serious effect seems to occur in GERAN dedicated mode (and in GERAN dual transfer mode), where the inability to distinguish the UTRAN cells that are not suitable for the UE might lead to an inefficient handling of the 3G cell measurements and the 3G measurement reporting from the UE. It might also lead to false inter-system handover decisions in the BSS and a certain amount of unnecessary signalling between the BSC, the core network and the target RNC as a result of that. Incorrect handover to UTRAN commands could be sent to the UE.

The inability to distinguish the UTRAN cells that are not suitable for the UE may also lead to disturbances of the GPRS packet transfers that take place in GERAN packet transfer mode. A certain amount of GPRS packet losses could be expected at the GERAN radio interface, due to the fact that the UE needs to spend time to decode the BCCH of the potential target cells for cell re-selection into UTRAN, to find out which UTRAN cells are suitable and not. If the UTRAN cell turns out being not suitable, the time spent decoding the BCCH of that cell is wasted.

NOTE:
Neither the impact of using the NACC procedures, nor the impact of the introduction of an inter-system PS handover procedure have been analysed in this paper.

4
Recommendation

It is proposed that RAN2 informs GERAN about the potential inter-working problems between GERAN and UTRAN that are identified in this paper. Preferably, a liaison statement should be sent to GERAN summarising the findings. It is the understanding that only GERAN can accurately determine the severity of the identified problems.

If GERAN shares the concerns expressed in this paper, it is suggested that some action is taken in GERAN to avoid these problems. Different solutions could be suggested, for instance:

–
Certain information about the UTRAN FDD operational frequency bands could be added to the 3G neighbouring cell information sent to the UE in GERAN. Such information would help the UE to avoid performing measurements on UTRAN cells that are not suitable for the UE, and also to avoid reporting the results of such measurements to the BSS.

–
Certain information about the UE RF capabilities in UTRAN could be sent to the BSS from the UE. (Presently, only one bit indicating a general UTRAN FDD support is provided in the "MS Classmark 3" IE and the "MS Radio Access Capability" IE; TS 24.008. Nothing is included to distinguish the different UTRAN FDD operating bands.) With a certain extension of that information, the BSS could remove UTRAN cells that are not suitable for the UE from the 3G neighbouring cell information sent to the UE in GERAN dedicated mode, possibly also if the NC2 mode of operation is applied in GERAN packet idle mode and GERAN packet transfer mode.

Other solutions might also be possible.

