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Packet Recovery 
Introduction

In GPRS the Quality of Service is selected by the end user related to the application requirements. Most applications can not accept loss of data and loss-less data transfer can be achieved by error detection and recovery mechanism at various protocol layers. 

Applications using TCP/IP selects in most cases ADM LLC ( unacknowledged operation) mode and RLC/MAC acknowledged mode. End-to-end protocols like UDP/RTP are not providing error detection/recovery. In this case loss-less operation requires ABM ( acknowledged operation) mode of operation at the LLC and acknowledged operation at RLC/MAC layer. The QoS controls the mode of operation used by LLC and RLC/MAC. The ABM LLC mode implementation is more complex compared to ADM mode.
 
This paper proposes a method for UDP/RTP based applications, like streaming, to run loss-less data transfer using LLC in ADM mode and acknowledged RCL/MAC protocol. 
The proposed method can also be used together with acknowledged LLC. 

The specific problem the proposed method solves is the problem related to cell change between RA’s. 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).
Background 

In ADM mode, 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 will not buffer transmitted LLC-PDUs/NPDU’s. 
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 buffered LLC 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 LLC 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 lost data.


Figure 1. Cell change between two BSS’s.
Description of proposal.
The proposal for loss lees data transfer for ADM LLC mode is an extension of the BSSGP FLUSH procedure.
  
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. This message can be part of the FLUSH ACK PDU and includes copies of any LLC-PDUs (UI frames), for which RLC-PDUs have not yet been acknowledged by the MS. This includes LLC PDUs transmitted but no acknowledge received, LLC PDUs in the process of transmission, 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 will contain the LLC-PDUs, which were received in message #2 from the BSS1. 


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. Duplications of LLC (UI frames) is avoided by checking the transmitter unconfirmed sequence number.

This therefore ensures that, when a mobile station changes cell from one cell to another, there is no loss of data in ADM mode and no higher layer error detection and recovery mechanism is required. 
 
The inter-SGSN case

In Figure 3, the BSS contains two NSEs, NSE1 and NSE2, which are connected to respective SGSNs, SGSN1 and SGSN2. 

The SGSN may send 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) in case of no support for “Inter-NSE re-routing.








Figure 3

Therefore, when the FLUSH message is received in the BSS serving the first cell, the buffered data is deleted.  In accordance with the proposal, the BSS sends a message ( i.e. FLUSH ACK PDU ) to the first SGSN (SGSN1) that data has been deleted.  As described above with reference to Figures 1 and 2, this message contains copies of the deleted LLC PDUs. The first SGSN (SGSN1) then sends the not fully transmitted NPDU to the second SGSN (SGSN2), which sends the data to the second NSE (NSE2) in the same BSS serving the new cell. 


Conclusion

This paper proposes a method for UDP/RTP based applications, like streaming, to run loss-less data transfer using LLC in ADM mode and acknowledged RCL/MAC protocol.

A simple modification of the FLUSH procedure in TS 48.018 / BSSGP will allow inter and intra SGSN cell change without loss of data and it also reduces the number of LLC PDUs sent over the radio interface as no  unnumbered or supervisory PDUs are sent in LLC ADM mode.

This is believed to be a less complex solution to provide loss less data transfer for UDP/RTP applications compared to the alternative solution based on LLC ABM ( acknowledged ) mode of operation. 
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