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Improved Packet Recovery support for enhanced Gb

Introduction

When downlink data is transmitted to an MS in a GPRS network, the data is buffered, in the form of LLC Packet Data Units (PDU) both in the SGSN and in the BSS.  LLC is the protocol, which provides a logical link between the MS and the SGSN. There are two modes of LLC operation, unacknowledged operation and acknowledged operation. The acknowledged LLC frames are preserved at cell change between RA (different BSCs). The un-acknowledged LLC frames, (UI) are lost at cell change between RA (different BSCs). 
To recover the lost packets experienced using un-acknowledged LLC, a retransmission will be required at higher layer, I.e. TCP per MS per application and Recovery at TCP layer leads to degradation in end-to-end throughput
 
This paper proposes a method that ensures that data is not lost during a cell change even for un-acknowledged LLC. The proposed method can also be used together with acknowledged LLC in order to limit or completely avoid LLC re-transmissions.

Background 

 In unacknowledged operation, LLC-PDUs are transmitted in numbered Unconfirmed Information (UI) frames.  These UI frames are not acknowledged at the LLC layer, and the SGSN does not need to save LLC-PDUs that are transmitted to the MS. When an SGSN detects a cell change for an MS, the SGSN sends a FLUSH-LL PDU to the BSS controlling the old cell.  Upon receiving a FLUSH-LL PDU, the BSS may contain stored PDUs which are awaiting transmission to the MS if the new cell is associated with the same BSS, and if the new cell is in the same routing area as the old cell. In this case it will be possible for these PDUs to be transferred to a new queue in the BSS that is associated with the new cell.  If this is not the case the PDUs will be deleted and  cell re-selection will therefore result in some higher PDUs being lost.


Figure 1. Handover between two PCUs.
Description of proposal
When an SGSN detects a cell change of an MS, the SGSN sends a FLUSH-LL PDU, message #1, to the current BSS (BSS1 in Figure 2).  
In the event that there are unacknowledged mode LLC-PDUs, which are to be deleted from the BVCI related to a specific cell in BSS1, BSS1 sends a return message to the SGSN, message #2 in Figure 2, and this message includes copies of any LLC-PDUs (UI frames), for which RLC-PDUs have not yet been acknowledged by the MS (i.e. LLC PDUs in the process of transmission) or LLC PDUs for which transmission to the MS has not even begun. These LLC-PDUs are to be deleted from the BVCI related to a specific cell in BSS1.  

In response to this message from BSS1, the SGSN sends a new message, message #3 in Figure 2, to the BSS2 controlling the new cell.  This new message can contain the copies of the LLC-PDUs, which were received in message #2 from the BSS1, or the SGSN can simply retransmit the relevant (e.g. determined by the delay attribute associated with the service being supported) LLC-PDUs directly to BSS2.  


Figure 2.

The transmission of data over the air interface from the new Base Station System BSS 2 to the mobile station can then begin immediately.  

This therefore ensures that, when a mobile station changes cell from one cell to another, there is no loss of data in the LLC layer, which would otherwise require re-transmission at a higher layer protocol.
Alternative procedure (Figure 3):
The procedure begins with the SGSN sending a FLUSH-LL PDU, message #11, to the old Base Station System BSS1, when it is determined that a cell change has occurred.  

However, a difference between this procedure, and the procedure described in Figure 2, is that, in this case, all LLC-PDUs that are transmitted from the SGSN to the PCU in the BSS1 are kept in the SGSN, even in un-acknowledged mode, until it can be determined that they have been transmitted to the mobile station, or need to be deleted for some other reason.  For example, the SGSN can retain a copy of all LLC-PDUs for a finite period of time, such as the Packet Data Unit Lifetime (PDU Lifetime).  Thus, even LLC-PDUs, which are sent in un-acknowledged mode, are retained in the SGSN although, in the normal course of events, these stored PDUs are deleted after the preset time has expired.  If the MS changes cells, it is these retained PDUs, which are potentially forwarded to the new BSS. In response to the FLUSH-LL message #11, BSS1 sends a reply message #22 which identifies the LLC-PDUs which have been deleted (i.e. not necessarily the actual PDUs).  More specifically, the message #22 includes a tag which identifies the LLC PDUS associated with the mobile station the FLUSH message was associated, as well as the number of LLC-PDUs (UI frames) which have already been deleted by BSS1 (up to a certain limit since obviously BSS1 would not indicate every LLC PDU it ever deleted).   

Note that message #22 includes the Packet Flow Indicator (PFI) and the number of discarded LLC-PDUs for that PFI, in addition to the BVCI and the TLLI.  The SGSN may then determine which LLC-PDUs have been discarded in the BSS by counting backwards from the most recently sent LLC-PDU, until the number of discarded PDUs has been reached.  This is done per PFI, TLLI and BVCI








Figure 3.

On receipt of the message #22 from BSS1, the SGSN sends a message 33 to the new Base Station System BSS2, containing the PDUs, which had been discarded in BSS1, or the SGSN can simply retransmit the relevant LLC-PDUs directly to the new Base Station System. The PCU in BSS 2 can then immediately begin downlink transfer of data to the mobile station, again without requiring retransmission of the data on a higher layer protocol.

Solution for the inter-SGSN case

In the architecture shown in Figure 4, the BSS contains two NSEs, NSE1 and NSE2, which are connected to respective SGSNs, SGSN1 and SGSN2.







Figure 4

It is possible that the SGSN sends data to the BSS and the NSE is used to route it to the correct cell. In this case, the MS may move to a cell served by a different NSE within the same BSS.  If the cell change is from a first cell to a second cell, and the first cell is in a first NSE (NSE1) served by a first SGSN (SGSN1), the second cell may be in a second NSE (NSE2) served by a second SGSN (SGSN2).  The data buffered in the first NSE (NSE1) cannot be transferred to the second NSE (NSE2).

Therefore, when the FLUSH message is received in the BSS serving the first cell, the stored data is deleted.  In accordance with the two alternative proposals, the BSS sends a notification to the first SGSN (SGSN1) that it has been deleted.  As discussed above with reference to Figures 2 and 3, this notification may allow the deleted data to be identified, or may contain copies of the deleted data.  The first SGSN (SGSN1) then sends the deleted data (i.e. the actual LLC PDUs) to the second SGSN (SGSN2), which sends the data back to the second NSE (NSE2) in the same BSS serving the new cell. Exact procedures for sending the data between the two SGSNs is out of scope for this paper.

Conclusion

A simple modification in handover or cell re-selection procedures is proposed that will provide a considerable enhancement in data transmission and will minimize the FER.
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