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System behaviour in an EGPRS cell in case of uplink signalling causing downlink user data transfer
1 Introduction

While Enhanced GPRS was introduced in Release 99 of the 3GPP standard, the 11-bit EGPRS PACKET CHANNEL REQUEST has been defined and indicates inherently that the MS supports EGPRS. The legacy CHANNEL REQUEST and PACKET CHANNEL REQUEST messages do not indicate whether the MS supports EGPRS. The EGPRS PACKET CHANNEL REQUEST can be sent either on CCCH or on PCCCH and the support of this message by the network is indicated in (packet) system information messages. The only way for the network to know that a Mobile Station is EGPRS capable when establishing an uplink TBF on (P)CCCH is to receive an EGPRS PACKET CHANNEL REQUEST. Then the network can establish the UL TBF in EGPRS mode. Otherwise, the network can only establish the UL TBF in GPRS mode. When a MS has got both an UL and a DL TBF on-going, both have to run in the same mode: either GPRS or EGPRS.

3GPP TS 04.60 specifies when the MS shall use a particular access request message:

· if the cell supports the EGPRS PACKET CHANNEL REQUEST:

· if the MS wishes to perform a one-phase, two-phase or short access, it shall use the EGPRS PACKET CHANNEL REQUEST with the appropriate cause

· if the MS wishes to perform a cell update, send a page response, perform an MM procedure or request a single block without TBF establishment, it shall use the CHANNEL REQUEST if the PBCCH is not present in the cell, otherwise it shall use the PACKET CHANNEL REQUEST. In the latter case, whether the MS shall use 11-bit or 8-bit PACKET CHANNEL REQUEST is indicated in (packet) system information messages.

· If the cell does not support the EGPRS PACKET CHANNEL REQUEST: the MS shall always use either CHANNEL REQUEST or PACKET CHANNEL REQUEST.

2 Cell reselection in packet transfer mode towards an EGPRS cell

Let us take the example of an R99 EGPRS-capable Mobile Station having a downlink-biased TCP-based transfer on-going in one cell (DL TBF in EGPRS mode established, UL TBF in EGPRS mode established from time to time to carry TCP ACKs back to the server) and the MS determines a cell re-selection (NC0/NC1) or is ordered a cell re-selection by the network (NC2). Assuming that the target cell is EGPRS capable, once the MS has switched to the new cell and has acquired the relevant (P)SI messages, there are two possible scenarios:

· either the MS has got one or more outstanding LLC PDU(s) to send (TCP ACKs which couldn't be sent in the old cell): in this case the MS will request a short access (or one-phase access) through the EGPRS PACKET CHANNEL REQUEST. By this, the network will know that the MS is EGPRS-capable, it can grant an UL TBF in EGPRS mode and it will be able later on to resume the DL transfer in EGPRS mode.

· or the MS has got no LLC PDU to send: in this case, the MS will request an UL TBF for sending a cell update only through the CHANNEL REQUEST (cause “one-phase packet access”) or through the PACKET CHANNEL REQUEST (cause “cell update”). Unfortunately, the network will then not know that the MS is EGPRS-capable upon access, which means that the network has no choice but grant an UL TBF in GPRS mode. Now, we have two possibilities, like in the first scenario:

· either the network can establish the DL TBF for resuming the transfer on the PACCH of the UL TBF: the DL TBF then has to be established in GPRS mode. The only way to change the DL TBF mode will be to release the UL TBF, release the DL TBF and then re-establish the DL TBF in EGPRS mode during T3192 or non-DRX mode. Indeed, the 3GPP standard does not allow the reallocation of a TBF from GPRS to EGPRS mode (and vice-versa). Some time will be "wasted" in GPRS mode for the DL TBF plus some more time will be lost to perform the TBF mode change, compared to the first scenario.

· or the network can only establish the DL TBF on (P)CCCH after the release of the UL TBF. In this case, the network can directly assign the DL TBF in EGPRS mode, but for sure this kind of scenario should be avoided due to the time wasted in the release of the UL TBF. In this case, there is no difference between the two scenarios.

So we have two different scenarios for resuming the DL transfer, just depending on whether the MS has got some UL LLC PDUs in its buffer. This leads to an inconsistent behaviour at cell reselection, especially since we have noticed in the field that during such a downlink-biased TCP-based transfer, both options can happen (MS has UL LLC PDUs in its buffer or not). The following figures describe the two scenarios described above, assuming that PBCCH is present in the target cell (case where PBCCH is not present can be easily worked out).
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Figure 1 – cell reselection during an EGPRS DL-biased transfer; no UL LLC PDU outstanding
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Figure 2 – cell reselection during an EGPRS DL-biased transfer; UL LLC PDU(s) outstanding

Depending on whether the Mobile Station has got LLC PDU(s) to send after a cell reselection in packet transfer mode (which is highly unpredictable), the downlink-biased transfer can take more or less time to resume in EGPRS mode (which offers a far higher throughput compared to GPRS mode):

· if there is one or more LLC PDU(s) outstanding after the MS is ready to perform uplink access following the cell reselection (figure 2), it will take T.

· if there is no LLC PDU outstanding after the MS is ready to perform uplink access (figure 1), it will take at least: T (time to establish in GPRS mode) + (RTD+RRBP) (approx. time to be sure that the DL TBF is successfully established) + (RTD+RRBP) (time to release the UL TBF) + ½ T_llc_pdu_transfer (half the time to transfer a DL LLC PDU on the TBF on average, in order to reach a DL LLC PDU boundary) + (RTD+RRBP) (time to release the DL TBF)

where T depends on the network manufacturer, RTD = round-trip time (e.g. 120msec) and RRBP = 60msec at least.

For example, considering a Mobile Station getting a throughput of 2.5 kB/s on a GPRS TBF (MS sharing 4 PDCHs with another one), and an LLC PDU size of 500 bytes, we have: T_llc_pdu_transfer = 200msec. This leads to spending at least 640msec in GPRS mode in some cases, instead of being in EGPRS mode.

3 Network initiated user data transfer

Another similar problem is met in the case of a network initiated user data transfer towards an EGPRS Mobile Station located in an EGPRS-capable cell which supports the EGPRS PACKET CHANNEL REQUEST. Indeed, when the network pages the MS for packet-switched services, the MS has to always answer through a CHANNEL REQUEST (cause “one-phase packet access”) or through a PACKET CHANNEL REQUEST (cause “page response”). When the SGSN receives the MS response, it will be able to start sending DL LLC PDUs to the right cell, i.e. a downlink user-data transfer will start. However, if the uplink TBF has been maintained, because it has been established in GPRS mode (unless the network forced a two-phase access), the downlink TBF has to be established in GPRS mode as well. The same scenarios as described for the case of a cell reselection in packet transfer mode apply.
4 Proposal

The problem happens in fact in all cases of uplink signalling leading later on to a downlink user data transfer. Although it seems justified to not establish the uplink TBF in EGPRS mode when it is used solely for signalling purposes (e.g. cell update following a cell reselection in packet idle mode, periodic routing area update, etc), it seems both inconsistent and inappropriate to prevent an EGPRS mobile station from using the EGPRS PACKET CHANNEL REQUEST when requesting an uplink TBF for signalling but which leads to a downlink user data transfer.

Several solutions exist to circumvent the problem:

· Always force a two-phase access in an EGPRS cell when receiving a CHANNEL REQUEST (cause “one-phase access request”) or a PACKET CHANNEL REQUEST (cause “cell update” or “paging response”). This is not consistent with the requirement on the Mobile Station to not perform a two-phase access in those cases when the EGPRS PACKET CHANNEL REQUEST is not supported in the cell. Also, it means that non-EGPRS capable MSs would be forced to go through a two-phase access, which would be useless. Last, the two-phase access procedure takes obviously more time than a single-phase access procedure.

· Allow an EGPRS Mobile Station using the cause “Short access request” or “One-phase access request” in the EGPRS PACKET CHANNEL REQUEST when it wishes to send a cell update or a page response in a cell that supports the EGPRS PACKET CHANNEL REQUEST. This avoids changing the syntax of the EGPRS PACKET CHANNEL REQUEST but is not consistent with the syntax of the PACKET CHANNEL REQUEST. Also, it does not allow the network applying specific behaviours depending on the access scenario.

· Introduce two new causes in the EGPRS PACKET CHANNEL REQUEST: “cell update”, respectively “page response”, specifying that the MS shall use them when the cell supports the EGPRS PACKET CHANNEL REQUEST and the MS wishes to send a cell update (and it has no LLC PDU(s) to send) following a cell reselection in packet transfer mode, respectively a page response. This in turn will let the network know that the MS is EGPRS capable, which allows the network assigning the UL TBF in EGPRS mode. The DL TBF, preferably established on the PACCH of the UL TBF in order to speed up the resumption, can then directly be established in EGPRS mode. This is the preferred solution for Alcatel.

5 Conclusion

We have presented the case of an EGPRS Mobile Station performing a cell reselection in packet transfer mode towards an EGPRS cell supporting the EGPRS PACKET CHANNEL REQUEST. In this case, depending on the state of the MS’s uplink buffer, the access scenario is different in the new cell, which seems inconsistent. Also, the time to resume the downlink transfer in EGPRS mode varies greatly depending on this buffer.

A similar problem has been presented in the case of packet paging for network-initiated downlink user data transfer.

Alcatel propose to introduce two new causes in the EGPRS PACKET CHANNEL REQUEST message in order to have a consistent and efficient behaviour in the case of uplink signalling causing downlink user data transfer. The corresponding Change Requests are provided (44.060, 44.018 are impacted). Although the CRs to 44.060 and 44.018 have been written against release 6, TSG GERAN WG2 are requested to consider introducing the changes from R99 onwards since today’s behaviour, especially in case of a cell reselection happening in packet transfer mode, seems inconsistent and this could justify a correction. A CR against 44.160 is also provided, in order to correct and clarify the description of various access scenarios in Iu mode.
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