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7
Reduction of Service Interruption Times and Packet Loss during Mobility Procedures

7.1
General

This clause provides an overview of the possible changes and additions required for the efficient support of streaming services in the GERAN specifications. Different solutions are provided. For each of them, impact on protocols and network entities should be outlined as well as the expected performance gain compared to the results in section  6.

7.2 Enhancement 1

Enhanced Flush Procedure (Packet Recovery)

This procedure is based on limiting packet loss at inter-BSS cell change for the case when unacknowledged LLC is used. The basic principle is that the BSSGP flush procedure is extended to also include an indication of the  LLC PDUs, which has not yet been received by the MS, from the BSS back to the SGSN. This would make it possible for the SGSN to forward the IP packets, which the old BSS does not considered received by the MS to the new BSS (in the Inter-SGSN case this is done via normal packet forwarding procedure to the new SGSN). 
Some re-transmission of packets may occur however if the procedure is working correctly no packets will be lost. (i.e. upon being flushed the old BSS may decide to return LLC PDUs to the SGSN that were actually already successfully delivered to the MS)
This solution has no impact on terminals and does not require any use of NACC, CCN and PS Handover. More detailed description has been presented in GP-023127, GP-020776 and GP-030200. 

The current working assumptions is that there is no need to send the complete LLC PDUs back from the BSS to the SGSN. Instead some form of indication will be used. Either the BSS sends the UI frame number of the oldest LLC PDU that has not yet been received by the MS or the BSS just returns the first bytes of the oldest sent LLC PDU. The first solution requires the BSS to look into the LLC protocol. 

The SGSN, who buffers all downlink packets for this particular flow, can then re-start the LLC transmission accordingly.
Following open issues can be subject to further investigation:

· The impact to the SGSN
· The delay to forward packets from one BSS to another is unknown.
· The duration that packets should be buffered in the SGSN.
7.3
Enhancement 2

Radio Status (SGSN suspend) procedure
This is an alternative solution to avoid packet loss at inter-BSS cell re-selection. It is used in combination with Cell Change Notification (used for NACC), or alternatively PS Handover. 

When the BSS detects that the MS (in CCN mode) is planning to make a cell change to a cell in another BSS it will send a BSSGP Radio Status message with cause value “cell re-selection ordered” to the SGSN. 
The SGSN will then temporarily stop the downlink transmission of LLC PDUs on the Gb interface. The BSS then has time to finish all downlink LLC PDUs it has in its buffer for that particular MS. At GERAN2 #12bis it was noted that this might require the BSS to order the MS into NC2 if the emptying of the buffer takes longer than one second. Possible enhancements not involving NC2 can also be considered.
When the buffer is empty the BSS can let the MS go to the target cell (either automatically or by sending a PCCO).  The MS will perform a cell update when it enters the target cell. The cell update will be considered as an implicit resume by the SGSN and it then will start the downlink transmission in the target cell.
At GERAN2 #12bis the case when the PCCO fails and the MS enters the old cell was also discussed. As it is specified today the SGSN has no direct way of knowing that the PCCO failed since the MS is not required to perform a Cell update procedure or may not have any uplink data to send. This failure case can be solved if the MS is required to always perform a Cell update after receiving a PCCO. For more details see GP-030211.
In GP-030211 it is also proposed that this solution shall be introduced for cell changes towards UTRAN. This includes modifying the CCN procedures to also support CCN towards UTRAN. So far no fundamental problems have been raised with this proposal however the gains of introducing this needs to be analyzed further.

Following open issues can be subject to further investigation:

· The impact to the SGSN of this solution compared to the other “loss less” proposals. 

· If this solution will really provide loss-less cell changes.

7.4
Enhancement 3

PS Handover and RAU

PS Handover is feature that lets the network support an almost seamless cell change (as seen by the application) by pre-allocating radio resources and then ordering the MS to go directly to a traffic channel in the target cell. The feature is mainly applicable to streaming and conversational services with high requirements on transfer delay.  It may get initiated by the network based on RF criteria as measured by the MS, or by the network based on traffic criteria. (e.g. current traffic load per cell, interference levels, maintenance requests, etc.). 

This feature will reduce the service outage time down to < 200 ms. It will be possible to steer mobiles based on load and services as well as reserve resources for mobiles in the target cell. This increases the possibilities to support guaranteed bit rate services significantly. PS handover provides benefits both for lossy and loss-less services and TCP time outs also can be kept to a minimum.
PS Handover can be used in combination with other enhancements described in this section.
7.5 Enhancement 4

MS Controlled restart
The basic principle for this solution is that the MS informs the SGSN in target cell which packets it has received correctly in the old Cell. The SGSN, who buffers all downlink packets for this particular flow, can then re-start the transmission from the first LLC PDU that did not reach the MS in the old cell.
In GP-020200 various variations of this solution was presented. Below is a summary of the preferred solution. 

In this case the MS informs the SGSN about the status of LLC receiver by including the indication of the “Last Received UI Frame” when performing Cell Updates and when the MS performs Routing Area Updates it informs the SGSN about the SNDCP status by indicating the “Last Received N-PDU sequence number”.

After receiving such information, the SGSN will send the FLUSH message to the old BVCI. If it will be informed (by the FLUSH ACK) that LL-PDUs were transferred (i.e BSS re-routing is possible), it will neglect the information coming from the mobile, otherwise it will start transmitting towards the new BVCI starting from “Last Received UI Frame”+1 in case of cell update and from the “Last Received N-PDU” +1 in case of RAU.

This solution moves any impact from the BSS to the MS, and could be more accurate. In this case, the MS provides a sort of acknowledgement, with the difference that it provides information only on the last received frame (and not on the frames possibly lost in between) so that no (possibly useless) retransmission is performed. In this way the packet transmission can be resumed exactly from where it was suspended in the old cell. 

Inter-SGSN cell changes could also be handled by re-using procedures foreseen for LLC Ack mode. The new SGSN retrieves all the N-PDUs buffered at the old SGSN and then starts the transmission in the new cell from the “Last Received N-PDU sequence number”.

Following open issues can be subject to further investigation:

· The impact to the SGSN.

· The impact to the MS
8
Support of header compression

This clause should present the approved and agreed version of  “Header Compression”, which has been discussed in GERAN WG2.

Note: To be added after discussions at GERAN #13
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