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LLC ADM improvements 
1. Background
 LLC ADM/unack mode is due to the strict delay requirements for some QoS classes the preferred LLC mode of operation. The drawback of this choice is that LLC ADM is unable to cope with the packet losses that may happen during cell changes involving Routing Area Updates or BSC changes. 

In the following the focus is on generic Loss-less procedures that applies to cell changes initiated either by the MS or the PS handover procedure.

A summary of possible enhancements applicable to streaming applications and the associated DL data transfer has been presented in GERAN, and they are described in [1] Tdoc GP-030200 “Considerations on LLC Unack mode improvements”. It should be noted that solutions in [1] are considered at cell changes involving Routing Area Updates or BSC changes that are extensions of the intra BSC cell change where internal rerouting is performed.
The procedures shall eliminate packet loss at handover based cell change for both DL and UL data transfer.

2. Overview Loss-less strategies

In [1] the described “loss-less” procedures can be divided into the 3 groups shown below. Some distinct differences exist related to the involved procedures. 


- Suspend/Resume procedure. 
The network will stop the DL data traffic from SGSN to BSS immediately before cell changes that involves Routing Area Updates or BSC changes. After emptying the BSS buffer the BSS/SGSN will send the MS to the new cell.

In the majority of cases all DL data in the BSS buffer at the point where the SGSN has suspended the downlink flow will be transferred to the MS before BSS/SGSN sends the MS to the new cell. If the data is not transferred it is lost. 

This procedure does not involve any exchange of sequence counters between network and MS related to SNDCP, LLC or RLC. The loss-less transfer of UL data is not considered in this procedure.

- BSC-controlled LLC restart. 
DL data not delivered to MS in the old cell will be sent back/indicated from BSS to SGSN as part of an extended FLUSH procedure. The DL data sent/indicated back to the SGSN will be resent to the new cell (belonging to a different RA/BSC).

This procedure does not involve any exchange of sequence counters related to SNDCP, LLC or RLC between network and MS. This procedure might introduce duplicated DL data. The Loss-less transfer of UL data is not considered in this procedure.

- MS-controlled LLC/SNDCP restart 
In [1] Tdoc GP-030200 LLC and SNDCP “restart” mechanisms are described. The alternative with “MS-controlled SNDCP restart” is the preferred one described here. 


The MS will send the “Next expected N-PDU sequence number” to the SGSN node when entering the new cell. For MS initiated cell change this information is included in Cell Update / Routing Area update. 

DL data not transferred to the MS before cell change will be resent by the new SGSN.
The exchange of SNDCP sequence counters guaranties that data will not be lost or duplicated. 
 
This procedure can provide loss-less transfer also of UL data transfer by introducing N-PDU sequence counters sent from old SGSN and routed via the new SGSN to MS.  

3. Detailed considerations for Loss-less strategies


Below the procedures for loss-less strategies at cell changes that involves Routing Area Updates or BSC changes are further considered. 

Requirements on nodes regarding data buffering and updates to protocols and primitives are specified.


· Suspend/Resume procedure

DL data received by old SGSN after suspension will temporarily be buffered for later transmission to the target cell. DDL  The BSS then try to finish sending the downlink LLC PDUs it has in its buffer for that particular MS. After emptying the BSS buffer the BSS/SGSN will send the MS to the new cell.
When the MS enters the target cell it will send Cell Update / Routing Area Update or PS Handover complete message and the appropriate SGSN will start DL data transmission of N-PDUs temporarily buffered.

SGSN buffer solution;
- N-PDUs passed to SNDCP in SGSN; Neither SNDCP or LLC entities are required to buffer N-PDUs or LLC frames.
- N-PDUs not yet transmitted by SGSN; SGSN will buffer N-PDUs received from GGSN for that MS, in inter SGSN case the buffer is forwarded to the new SGSN.

SGSN/SNDCP changes;
No need to update SNDCP buffer handling, protocol or primitives. 

SGSN/LLC changes;
No need to update LLC buffer handling, protocol or primitives.


Pros; - No need for additional buffer handling in SNDCP or LLC.
          - No need to change SNDCP or LLC protocols/primitives

Cons; - It remains to be clarified if DL data in the BSS buffer can be transferred to
 
       MS before MS is ordered to target cell. 

· BSC-controlled LLC restart
When the MS enters the target cell it will send Cell Update / Routing Area Update or PS Handover complete message. The old SGSN will in case of inter SGSN be triggered by the new SGSN to initiate the FLUSH procedure which provides 
indication of DL data not delivered to MS. This data will be sent back from BSS to SGSN as part of an extended FLUSH procedure. 

Instead of actually transmitting unsent LL-PDUs back to the SGSN, the BSS could simply send an indication about the “first unsent UI frame” as a new IE of the FLUSH ACK message. More precisely, if the BSC is able to internally re-route the LL-PDUs (i.e. for intra-RA, intra-NSE case) it will do so, otherwise it will inform the SGSN that the PDUs were deleted at the old BVCI (normal behaviour) together with the indication of the “first unsent UI frame” (proposed enhancement). If DL data is sent (or if new IE used) back to the SGSN it will be resent to the new cell (belonging to a different RA/BSC). 
This procedure does not involve any exchange of sequence counters between network and MS related to SNDCP, LLC or RLC. This procedure might introduce duplicated DL data.
  
N-PDUs passed to SNDCP shall be buffered at SNDCP layer. In this case SNDCP will always buffer N-PDUs in the old SGSN. The required buffering is “guaranteed bit rate” x “transfer delay”. Deletion of N-PDUs will be related to” transfer delay”.
The LLC layer together with SNDCP also needs to maintain a relation between LLC frames and N-PDUs. This is required in order to allow the SGSN to use information in the FLUSH ACK (identifying by BSC unsent LLC frames) to identify the corresponding un-sent N-PDUs. This will require new primitives at the SGSN/LLC interface. 
These un-sent N-PDUs will be sent from appropriate SGSN to the target cell.
 
SGSN buffer solution;
- N-PDUs passed to SNDCP in SGSN; SNDCP entity is required to buffer N-PDUs for possible retransmission by appropriate SGSN. 
- N-PDUs not yet transmitted by SGSN; SGSN will buffer N-PDUs received from GGSN for that MS. For the inter SGSN case the buffer will be forwarded to the new SGSN.


SGSN/SNDP changes;
- The SNDCP entity must support the additional primitives at the SNDCP-LLC interface to identify which N-PDUs to be retransmitted. 

SGSN/LLC changes;
- The LLC entity is required to add primitive at the LLC – BSSGP interface to process the information in the extended FLUSH ACK and to add primitives to the SNDCP – LLC interface to assist SNDCP in identifying the N-PDU’s to be retransmitted to the MS. 

Pros;  - The impacted nodes are located in the CN.

Cons; - Need for additional buffer handling in SNDCP.
          - Need to change SNDCP, LLC and BSSGP protocols/primitives.

· MS-controlled SNDCP restart
When the MS enters the target cell it will send Cell Update / Routing Area Update or PS Handover complete message and inform the SGSN about the sequence counter of the “Next expected N-PDU Frame”.

The “next expected N-PDU” will be sent from appropriate SGSN to the target cell.

In case of inter-SGSN, the new SGSN should first send the information about the “Next expected N-PDU” back to the old SGSN, so that it would be able to correctly re-route N-PDUs to the new SGSN.
For the UL data transfer the appropriate SGSN will inform the MS about the status of SNDCP receiver by introducing the sequence counter of the “Next expected N-PDU”.   

SGSN buffer solution;
- N-PDUs passed to SNDCP in SGSN; SNDCP entity is required to buffer N-PDUs for possible retransmission by appropriate SGSN.
- N-PDUs not yet transmitted by SGSN; SGSN will buffer N-PDUs received from GGSN for that MS. For the inter SGSN case the buffer will be forwarded to the new SGSN.


MS buffer solution;
- N-PDUs transmitted by MS; MS will buffer N-PDUs fully acknowledged by RLC/MAC layer for transmission if required by SGSN at “SGSN-controlled SNDCP restart”.

SGSN(MS)/SNDCP changes;
- SNDCP entity is required to add primitives to identify possible N-PDUs for retransmission based on “Next expected N-PDU Frame” received from the remote entity.  

SGSN(MS)/LLC changes;
No need to update LLC protocol or primitives.

Pros; - No risk of duplicated or lost N-PDUs
          - This mechanism exists in RAU procedure
          - The procedure is applicable both for DL and UL data transfer
 
    - No need for additional buffer handling in LLC. 

Cons; - Need for additional buffer handling in SNDCP in SGSN and MS nodes.


4 Conclusions


- It is assumed that the “suspend/resume” procedure will provide loss-less operation. Ericsson recommends that this procedure be selected for cell changes involving Routing Area Updates or BSC changes for DL data transfer. In addition it is recommended to use MS-controlled SNDCP restart/synchronization for loss-less operation for UL data transfer.

- If the “suspend/resume” procedure will not provide loss-less operation, the “MS-controlled SNDCP restart” is selected for loss-less operation both for UL and DL data transfer.
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