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1
Introduction

An objective for the Gb enhancements that have been discussed within GERAN is to enable real time GPRS services (i.e., services within the streaming and conversational QoS classes) to be supported via the Gb interface. In that context, the question about the GPRS handover at DTM handover has been seen as an open issue.

The purpose of this document is to give an estimate, based on a theoretical analysis, of the duration of the physical interrupt of the GPRS service in dual transfer mode during the handover procedure based on the existing standard (REL‑5). That is compared with the expected duration of the corresponding interrupt at a cell reselection in packet transfer mode.

The intention is that those estimates could be used as a basis for discussion, when determining whether Gb enhancements are needed also in the DTM case.

NOTE:
This document is focused on the physical interrupt of the temporary block flow (TBF) at the radio interface. It considers neither the time needed to recover the protocol state at RLC level, nor the time needed for procedures like ll-flush within the network, routing area update (when needed), etc. It is assumed that those procedures give about the same overhead to the overall service interrupt, quite independent of the precise radio procedures that are used.

2
Handover procedure in dual transfer mode

An example of the handover procedure and reestablishment of the mobile station in dual transfer mode is illustrated in the figure 1 below. An asynchronous handover is performed. The network (in cell B) is aware of the DTM capability of the mobile station and the fact that the mobile station was in dual transfer mode just before the handover procedure. The network therefore assigns a dedicated resource in the HANDOVER COMMAND message that allows packet resources to be established without reassigning the dedicated resource when the handover procedure is complete.

The handover procedure is initiated by the HANDOVER COMMAND message, sent from the network to the mobile station in cell A. When the mobile station receives the handover command, it aborts any ongoing TBF and proceeds by switching the channel configuration to cell B.

In cell B, the mobile station shall connect the physical layer by sending the HANDOVER ACCESS and receiving the PHYSICAL INFORMATION messages (an asynchronous handover is assumed). When the PHYSICAL INFORMATION message has been received, the mobile station performs the establishment of the main signalling link (SAPI‑0) by sending the SABM and receiving the UA frame on the main DCCH. When the data link has been established, the mobile station sends the HANDOVER COMPLETE message that completes the handover procedure.

When the handover procedure is complete, the network sends the DTM INFORMATION message. This is an indication to the mobile station that the establishment of packet resources is possible. The establishment of an UL TBF is performed by the mobile station sending a DTM REQUEST message and the network responding by assigning the requested packet resources. The assignment is sent to the mobile station in the PACKET ASSIGNMENT message.

Taking all the steps in the handover procedure and the following packet assignment procedure into account, the duration of the GPRS interruption is approximately equal to four round trip times at the L3 and DL levels. The procedures for connecting the physical layer and DL establishment are terminated in the BTS at the network side. Typical round trip times for those should be in the order of 160 to 200 ms, or even less. 

Completing the handover procedure and performing the packet assignment involves the BSC and are complex procedures on the network side. The round trip times for those could therefore be expected to be slightly higher than 200 ms. In addition; a certain frame erasure rate at the physical layer must be taken into account, resulting in one or more repetitions of data frames at the DL layer.

Overall, it is estimated that the physical interrupt of GPRS transfer caused by an handover in dual transfer mode has a duration of about 1 second in the typical case. Variations may occur, but an interrupt less than 800 ms should not be expected, even in the best case. Substantially longer interrupts could occur, for instance, if packet resources are blocked and a reallocation of the dedicated resource therefore becomes necessary when the DTM request is received from the mobile station, before a packet assignment can be performed.
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Figure 1: Handover procedure and reestablishment of dual transfer mode

3
Cell reselection in packet transfer mode

3.1
Cell reselection without NACC

To start with, it could be interesting to analyse the situation when NACC is not used. The crucial point in the cell reselection is the acquisition of system information for the target cell. 

Only the case when PBCCH is present in the target cell is analysed. Further, it is assumed that both the mobile station and the network support the PACKET PSI STATUS message. The requirement on the mobile station in this case is to acquire the PBCCH description, the PSI 1 message and the complete set of PSI 2 messages.

In typical cell configurations, it is possible to send the PSI 1 message and a set of up to four or five PSI 2 messages on PBCCH within a time frame of less than 500 ms (assuming that the PSI 2 messages are sent in the PBCCH high repetition group). The mobile station must acquire the PBCCH description before receiving these messages. The acquisition of the PBCCH description could be done in advance, either if the network includes the PBCCH_LOCATION and the PSI1_REPEAT_PERIOD parameters in the PSI 3/3‑bis messages of the old cell, or the mobile station reads the SI 1 and SI 13 messages on the BCCH of the target cell somewhat in advance. (The intention once was that reading those messages in advance could be facilitated by the network, if the SI 13 message is sent at TC = 0 on BCCH Ext, directly following the SI 1 message on BCCH Norm.)

If these conditions are fulfilled, it is possible for the mobile station to proceed with the cell change such that it aborts the TBFs in the old cell just before PSI 1 is sent on PBCCH in the target cell. It reads the PSI 1 message and the set of PSI 2 messages. It may then initiate the packet access on PRACH/PCCCH to establish an uplink TBF. All together, the duration of the interrupt in this case can be estimated to about 700 milliseconds. That should be compared with an interrupt of about 1 second in the DTM case.

3.2
Cell reselection when NACC is used

The network assisted cell change (NACC) procedures were introduced in REL‑4 in order to reduce the duration of the interrupt at cell reselection. The main benefit with NACC is that the PBCCH description, the PSI 1 message and the set of PSI 2 messages for the target cell can be provided to the mobile station before the actual cell change takes place. The time required for the acquisition of that information (500 ms) is eliminated and the remaining interrupt can then be estimated to about 200 milliseconds.

3.3
Other performance aspects

3.3.1
Additional delay caused by unsuccessful reception of system information

When the duration of the interrupt at cell reselection in packet transfer mode were estimated in the previous sections, it was assumed that the PSI 1 and PSI 2 information was received by the mobile station without any loss. In practice, frame erasures cannot be completely avoided. Even when the NACC is used, it may be difficult for the network to ensure that the mobile station always has the complete set of information that is required before accessing the new cell.

In those cases, the duration of the interrupt caused by the cell change may be significantly longer than indicated above. If the mobile station does not have sufficient information when entering the cell, or certain instances of the PBCCH messages need to be read more than once before they are received correctly, the packet access in the new cell may be delayed substantially. The delay will depend on the PSI1_REPEAT_PERIOD and the number of repeated attempts that are needed to receive the necessary information.

The same problem does not occur to the same degree in dual transfer mode (i.e., when there is a dedicated connection to the network). In the handover procedure, messages are sent via the main signalling link. Frame erasures may occur at lower layers, but they are managed by the DL layer (LAPDm). The additional delay caused by repetitions at the DL layer is much less than the delay caused by repeatedly reading the broadcast information on PBCCH.

3.3.2
Re-establishment of the downlink TBF

Moreover, the estimated durations of the GPRS service interrupt that were made in the previous sections are focused on the uplink TBF. In order to re-establish the downlink TBF, a cell update (or a routing area update) need to be performed and downlink data to be re-routed from the old cell to the new one. If the cells belong to the same routing area, the cell update and re-routing of data may add a few hundred milliseconds to the interrupt. When a routing area update is needed, the additional delay is even longer.

In the ideal case, if an optimised behaviour can be assumed on both the network and the mobile station side, an additional delay for the re-establishment of the downlink TBF of about 200 ms seems reasonable in the cell update case. If the routing area update procedure consists of only the RA Update Request, the RA Update Accept and the RA Update Complete messages (authentication and identity check, for instance, are not needed), the downlink user data can be resumed using the same downlink TBF, just after the sending of the RA Update Accept message. The additional delay in this case should not be much greater than in the cell update case.

In any case, the additional delay for the re-establishment of the downlink TBF should be independent of whether the handover or cell change procedure that was used (i.e., DTM or cell re-selection, with or without NACC).

3.3.3
Restoration the RLC protocol state

Another problem, common for all the handover and cell change procedures discussed so far, is the restoration of the RLC protocol state after the cell change. When a TBF is aborted in the old cell, the RLC transmit window at the transmitting RLC entity has a certain size [V(S) ( V(A) modulo SNS]. All of the upper layer PDUs that are carried by RLC units within the current transmit window when the TBF is aborted must be considered as unsuccessfully received by the receiving entity. If a loss-less operation is needed, all of them need to be retransmitted in the new cell.

The retransmission of unsuccessfully received data can be seen as a necessary action in order to restore the RLC protocol state after a TBF abortion. The time required for that could be seen, effectively, as an additional outage time on top of the physical interrupt.

To make a correct estimate of this effect may require some further study. However, a first approximation could be achieved by the observation that a certain percentage of all the RLC data units typically need to be transmitted up to three or four times before they are correctly received and acknowledged. Assuming that the retransmissions are separated in time by about 200 ms, the effective outage time caused by this effect should then extend to about three or four such retransmission periods, i.e., something like 600 to 800 ms.

Similar to the additional delay for the re-establishment of the downlink TBF, this effect is independent of the type of handover or cell change procedure that was used.

4
Summary

The duration of the physical interrupt of the uplink TBF varies depending on whether the mobile station is in dual transfer mode or packet transfer mode when the handover command is sent. In packet transfer mode, the duration of the interrupt depends on whether NACC is used or not. In dual transfer mode, the interrupt is approximately 1 second. In packet transfer mode, without NACC, the interrupt is approximately 0,7 seconds, and with NACC approximately 0,2 seconds. 

Those figures should be seen as typical values. In packet transfer mode, the variation may be quite large, depending on radio conditions and the successfulness when the mobile station shall receive system information from the network. The variation of the interrupt in dual transfer mode should not be that large.

In practice, the interrupt experienced by the application is longer than the physical interrupt, due to the effects caused by the re-establishment of the downlink TBF and the restoration of the RLC protocol state. 

All together, the effective interrupt could typically range from approximately 1 second (packet transfer mode; successful case when NACC is used) and up to 2 seconds (dual transfer mode or packet transfer mode; NACC not used). Occasionally, the interrupt may be longer than that (especially in packet transfer mode, where the mobile station might fail to receive the information messages sent by the network).

5
Conclusion

Already by the introduction of NACC, the expected cell reselection performance in packet transfer mode becomes better than that in dual transfer mode.

If further improvements in packet transfer mode are introduced by the Gb enhancements planned for REL‑6, it is quite evident that improvements are needed also in the dual transfer mode, if a similar performance is expected in the DTM case.
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