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LLC and SNDCP Engine Management at PS Handover

1 Background

It has not been agreed if SNDCP and LLC protocol engines are “restarted” or “reset” at a PS Handover. The issue mostly concerns the MS behaviour.

The purpose of this paper is to discuss the handling of SNDCP/LLC, PDCP and RLC protocol state handling in the mobile and in the network. 

2 Definitions

Concepts like “protocol engine” and “reset engine” are somewhat obscure.

In this paper we adopt the following definitions:

Protocol engine

The protocol algorithm and its implementation.

This is thus typically a specific software implementation in an individual node.

Protocol state

The set of state variables used in the protocol algorithm. 

Examples of state variables are transmit and receive counters in up- and downlink, transmit and receive data buffers (used to correct sequence order and transmission errors), protocol mode (acknowledged or not), 

Initialize protocol state

Set all protocol algorithm state variables to the initial start state, as defined in the relevant specification
.

Examples of initializing actions are: set sequence counters to zero, clear the send and receive data buffers, set compression dictionary to the initial start value. 

The initial values can be either default ones or set by initial agreement/command, e.g. XID command.

What information must be maintained from source to target cell?

The phrase “reset protocol engine” seems to implicate an implementation, as if a specific software module is kept running, but its parameters are reset to default values. However, only the signaling and the parameter (state) transfer should be standardized. 

This applies both to the mobile and to the network nodes, although it may be “natural” that the mobile protocol software runs continuously, but with a new set of parameters in the target cell. This is not so “natural” in the case of dual-mode mobiles, however.

The essential issue is which (part of) protocol states must be transferred to the target side SNDCP or LLC engines. 

References 1-3 discuss handling of GTP, SNDCP/PDCP and LLC sequence numbers, with a focus on the network behaviour. The mobile need only consider SNDCP/PDCP and LLC. 

GTP is not visible across the air interface, so it is not discussed in this paper. It can be noted that “in-sequence delivery” only applies to the GTP sequence numbering, so this will not impact the mobile. 

RLC protocol states are not transferred from the source to the target side.

2.1 LLC-ADM

LLC-ADM can be used both for “lossy” and “lossless” PS services but the SNDCP/LLC numbering is not used to avoid data loss or duplication. Data loss is avoided by the use of acknowledged RLC protocols, which are run independently on the source and target sides and where the RLC protocol state is initialized to initial start values in the target cell. Note that for a “lossless” PS service that makes use of LLC-ADM, sequence number continuity during PS handover is not maintained at the SNDCP/PDCP layer because of the following:

· We simply assume that the source BSS will be able to successfully empty its downlink buffers after receiving a PS handover Command from the old SGSN but prior to sending the PS Handover Command to the MS. If it is not successful then we simply accept the downlink loss for this flavor of lossless operation.

· The source BSS will stop all uplink traffic while it is attempting to empty the downlink buffers. This means it will also not send any more Packet Uplink Acks to the MS and as such the MS will always know what the last successfully transmitted uplink N-PDU was (and therefore it knows which uplink N-PDU to start sending in the new cell).

Hence SNDCP/LLC or PDCP protocols states will be initialized in the target cell, both on mobile and network sides. The mobile initialization of these protocols is based on reception of the XID Command data included in the PS Handover Command sent to the MS in the source cell.

· Unless stated in the PS Handover Command, the mobile shall assume that the LLC-mode is unchanged.

· In case of Handover from UTRAN, the mobile will know if ADM is to be used, based on the XID command included in the Handover Command, and will initialize the SNDCP/LLC protocol states.

· In case of Handover to UTRAN, the mobile shall restart both PDCP and RLC. 
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2.2 LLC-ABM:

In this case the LLC layer can be used to avoid data loss and the SNDCP sequence numbering can be used to avoid duplication
 
. Hence the MS/UE shall start its SNDCP or PDCP protocols in the target cell with consecutive values relative to the source cell (i.e. sequence number continuity shall be maintained across PS handover). 

· Unless stated in the PS Handover Command, the mobile shall assume that the LLC-mode is unchanged. 

· In case of Handover from UTRAN, the mobile will know if ABM is to be used, based on the XID command included in the Handover Command. The PDCP numbers will be modified to correct IE length and used when initializing the SNDCP engine. All other SNDCP states are set to initial start values, as ordered by the XID command.

· In case of Handover to UTRAN, the mobile shall use the SNDCP sequence number when starting the PDCP engine. All other PDCP states are set to initial start values.
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3 Conclusions

a. LLC and RLC are always “initialized” as a result of PS handover (i.e. no protocol state is transferred from the old protocol engine).

b. SNDCP and PDCP sequence numbers can be transferred across PS handover in order to avoid data duplications for services that make use of LLC-ABM in A/Gb mode.

c. All other SNDCP or PDCP protocol states are “initialized” in the target cell.
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� LLC: 44.064 section 8.5.3. SNDCP: 44.065


� The situation when duplication may occur, is when an N-PDU is successfully received, but the acknowledgement is not received. The sender will then resend the unacknowledged N-PDUs in the target cell, but the receiver can remove the duplicates if SNDCP/PDCP sequence integrity is maintained.


� If it can be assumed that the mobile is kept “long enough” in the source cell for all LLC-ACK’s to be correctly received, then there is no need to maintain SNDCP sequence order
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* Not needed if all Acknowledgements are assumed to be received in source cell, i.e. No disagreement between transmitter and receiver about what has been successfully transferred








