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PS Handover impact on SNDCP and LLC 

1 Introduction

The need for a handover feature in a packet switched network is mainly connected to conversational services with stringent requirements on transfer delay which can not be fulfilled with cell reselection procedures in todays A/Gb mode. But also an enhanced streaming service has delay requirements that make this feature necessary.

For introduction of handover in an enhanced A/Gb mode, the LLC and the SNDCP protocols have to be updated with new node signaling as briefly described in (1( and (2(. For a pure Voice over IP service also the protocol headers used between the MS and the network may be optimized in order to save radio resources [3]. In addition to that, this paper discusses other issues for the SNDCP and the LLC, which have to be considered when handover functionality is introduced. These issues are:

· Restart of LLC and SNDCP

· XID management

· Cipher Key management, see [4] and [5].

2 Restart of LLC and SNDCP at handover


The handover procedure includes both loss-less and lossy handover.

For the lossy handover case the old SGSN starts bicasting downlink N-PDUs towards both the old and the new cell until the handover procedure is completed. Unacknowledged LLC mode of operation is used and LLC and SNSDCP are restarted for inter SGSN handover but not for intra SGSN handover.

The loss-less handover case includes both acknowledged and unacknowledged LLC mode of operation. A new/extended mechanism is proposed to be introduced by which SGSN requests the source BSC to flush/(send back to SGSN) not yet acknowledged or not yet transmitted LLC PDUs to the old SGSN [7]. For inter SGSN handover the LLC and SNDCP entities will be restarted but not for intra SGSN handover. In case of inter SGSN handover N-PDUS not completely transferred to the MS by the old SGSN will be transferred to new SGSN for transmission.

2.1 Intra BSC/Intra SGSN Handover



The LLC and SNDCP entities are not restarted in case the handover is within the same RA. The same PDP- and MM-contexts are used for both the old and the new cell. The same P-TMSI, N-SAPI, SAPI and PFI values are also reused for MS in the new cell. In case the Handover involves another RA a new P-TMSI may be allocated by SGSN for the MS. 

2.2 Inter BSC/Intra SGSN Handover


 
The SNDCP and LLC entities are kept. The same PDP- and MM-contexts are used for both the old and the new cell. The same N-SAPI, SAPI and PFI values are also reused towards the new cell. A new P-TMSI may be allocated to the MS. 

2.3 Inter BSC/Inter SGSN Handover

The SNDCP and LLC entities are restarted in the new SGSN. The PDP- and MM-contexts are sent from the old to the new SGSN. The same N-SAPI, SAPI and PFI values are also reused. A new P-TMSI is allocated to the MS. The SNDCP/LLC restart and the relation to ROHC is described in [6], [2] .
3 XID Management

There are XID (eXchange Identification) parameters for both the SNDCP and for the LLC layer which are negotiated between the peer entities in the MS and in the SGSN. The XID parameters from both protocol layers are sent either in a specific LLC- XID message or added to a LLC SABM or a LLC UA message. The latter two messages are only used for acknowledged LLC service that requires establishment of a logical link before the data transmission can be started. 

The XID negotiation is a one-step procedure; i.e., the initiating end proposes parameter values, and the responding end either accepts these or offers different values in their place according to the XID negotiation rules described in the present document; the rules limit the range of parameter values as well as the sense of negotiation. The initiating end accepts (or rejects) the values in the response; this concludes the negotiation. Default values for XID parameters may be selected and in this case those XID parameters does not need to be included in the XID parameter negotiation. Both LLC entities may at any time initiate an XID negotiation

3.1 Present XID Management in LLC

XID negotiation can be performed by LLC for both Asynchronous Balanced mode - ABM (= Acknowledged peer-to-peer operation) and for Asynchronous Disconnected Mode – ADM (= Unacknowledged peer-to-peer operation). 

In ABM Each Logical Link Entity has the responsibility for initialising the LLC layer parameters necessary for correct peer-to-peer information transport. Initialisation of the parameters is done either according to the default values, or according to the values negotiated by the peer entities. The latter method utilises the parameter negotiation procedure. The negotiable parameters are listed in table 1.

LLC layer and layer‑3 parameters may be negotiated in ADM or ABM modes of operation with the exchange of XID frames, or, in acknowledged mode, also with the exchange of SABM and UA frames. 

Table 1: LLC layer parameter negotiation

Parameter Name
Type
Length
Format (87654321)
Range
Units
Sense of Negotiation

Version (LLC version number)
0
1
0000bbbb
0 through 15
-
down

IOV‑UI (ciphering Input offset value for UI frames), common for all SAPIs of a TLLI
1
4
bbbbbbbb
bbbbbbbb
bbbbbbbb
bbbbbbbb
0 through 232 ‑ 1
-
-

IOV‑I (ciphering Input offset value for I frames), for the SAPI under negotiation
2
4
bbbbbbbb
bbbbbbbb
bbbbbbbb
bbbbbbbb
0 through 232 ‑ 1
-
-

T200 (retransmission time-out)
3
2
0000bbbb
bbbbbbbb
1 through 4 095
0,1 s
up

N200 (maximum number of retransmissions)
4
1
0000bbbb
1 through 15
-
up

N201‑U (maximum information field length for U and UI frames)
5
2
00000bbb
bbbbbbbb
140 through 1 520
octets
down

N201‑I (maximum information field length for I frames)
6
2
00000bbb
bbbbbbbb
140 through 1 520
octets
down

MD (I frame buffer size in the downlink direction)
7
2
0bbbbbbb
bbbbbbbb
0, 9 through 24 320
16 octets
down

MU (I frame buffer size in the uplink direction)
8
2
0bbbbbbb
bbbbbbbb
0, 9 through 24 320
16 octets
down

KD (window size in the downlink direction)
9
1
bbbbbbbb
1 through 255
frames
down

KU (window size in the uplink direction)
10
1
bbbbbbbb
1 through 255
frames
down

Layer‑3 Parameters
11
Variable
See 3GPP TS 44.065 [11]

Reset
12
0
-
-
-
-

NOTE 1:
The Range for N201‑U for SAPI 1 is 400 through 1 520 octets, and for SAPIs 2, 7, and 8 270 through 1 520 octets.

NOTE 2:
All other Types and Ranges are reserved for future versions of the present document.

NOTE 3:
The length for Layer‑3 Parameters shall be set equal to the number of octets received from layer 3. If an empty XID block is received from layer 3, the LLE shall include a zero-length Layer‑3 Parameters XID parameter in the XID parameter field to allow the receiving LLE to distinguish between LLC and layer‑3 initiated procedures.

Version shall not be negotiated while in ABM.

Reset shall only be negotiated with an XID frame, and only be transmitted in the downlink direction. If Reset is present in an XID frame, then it shall be the first XID parameter in the XID information field.

IOV‑UI shall only be negotiated in ADM. IOV‑I shall only be negotiated with SABM and UA frames. IOV‑UI and IOV‑I shall only be transmitted in the downlink direction.

T200, N200, and N201‑U can be negotiated in ADM and ABM. The new values of T200 shall only apply to timers set after the negotiation has been completed. If N201‑U is negotiated to a lower value than previously used, then any queued or new U and UI frames that violates the new value of N201‑U should be discarded and not transmitted.

N201‑I, mD, mU, kD, and kU can be negotiated to any value in Range in ADM. In ABM, N201‑I, mD, mU, kD, and kU can only be negotiated to the same or higher value as previously used.

3.2 Present XID Management in SNDCP

Negotiation of XID parameters between peer SNDCP entities may be carried out to ensure optimal information transfer. The parameters are called SNDCP exchange identity (XID) parameters and are transported by the LLC protocol (LLC XID PDU) over the radio. The table below lists the parameters which may be included in the SNDCP XID negotiation.

Table 8: SNDCP XID parameters

Parameter name
Parameter Type
Length
Format
Range
Default value
Units
Sense of negotiation

SN-VER (SNDCP version number)
0
1
0000bbbb
0-15
0
-
down

Data Compressions
1
variable






Protocol Control Information Compressions
2
variable






NOTE: 
The current version of SNDCP is 0. This is also the default value for the version number. It is assumed that the future versions are backward compatible with former ones.

If an SNDCP XID parameter has not been negotiated, default values shall apply. The default value for a compression field (entity) is "non-existing".

SNDCP XID parameter negotiation may be initiated by the SNDCP entity at the MS or at the SGSN. If SNDCP XID parameters are to be changed, SNDCP XID negotiation shall be initiated prior to data transfer - the MS shall initiate SNDCP XID negotiation upon response to a PDP context activation, the SGSN shall initiate SNDCP XID negotiation in the case of an Inter-SGSN Routeing Area Update, or if the change in QoS profile to an existing NSAPI results in a change in compressor(s) used by the NSAPI.

When an NSAPI no longer uses a compression entity due to a PDP context deactivation or a PDP context modification, an SNDCP XID negotiation shall be performed to remove the NSAPI from the Applicable NSAPIs of the compression entity. The negotiation shall be initiated by the MS upon receipt of a response to a PDP Context Deactivation or by the SGSN in the case of PDP context modification.

3.3 XID Management for PS Handover

When an established dataflow has to be handed over to a new cell, the XID parameters have already in the old cell been negotiated between the LLC/SNDCP entities in the MS and in the SGSN. 

For handover within the same SGSN a new negotiation is not required and the MS will use the same XID parameters in the new cell.

For handover to a new SGSN, the LLC and the SNDCP XID parameters are sent from the old to the new SGSN in the Prepare PS Handover Request message. If the new SGSN supports the XID parameters, no new negotiation is required. The MS uses the same XID parameters after the handover as used before.

It is proposed to define new default XID parameters for the conversational service. The advantage with this will be :
 

- No XID negotiation required at initiation of conversational session initialisation.

 

- No XID negotiation required at inter BSC or SGSN cell change.

If the new SGSN can not support the same XID parameters as the old one did, two alternative behaviours can be performed:

· A new negotiation between the new SGSN and the MS can be performed when the connection is established in the new cell. Only parameters which are not supported by the new SGSN is negotiated. Not negotiated parameters are kept with their previous values. This alternative might not be possible for an unacknowledged service like VoIP with very tight delay requirements.

· A new negotiation between the new SGSN and the MS can be performed via the Handover Command sent to the MS in the old cell and the Handover Complete sent by the MS in the new cell.

· The new SGSN does not accept the handover with the proposed XID parameters and responds that back to the old SGSN in the Prepare PS Handover Response message. The old SGSN informs then the source BSC and the handover procedure is terminated.
4 Conclusion


The impacts of PS handover on LLC and SNDCP and they fall mainly in 2 categories.

Restart of LLC and SNDCP is required when  the SNDCP and LLC entities in the core network is moved from old SGSN to a new SGSN. This requirement is present in rel. 5. In addition PDP- and MM-contexts are required to be sent from the old to the new SGSN and the same N-SAPI, SAPI and PFI values shall be reused in the new SGSN.

XID management can be managed with existing procedures for PS handover. It is however proposed to optimise the procedure by introducing new default XID parameters for the conversational service. This will for most cases eliminate the need to exchange XID parameters.

This issue is considered closed from Feasibility Study for Conversational point of view.
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