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Bandwidth Issues with CN to MS Container Handling in PS Handover 

1. Introduction

In the GERAN#20 meeting there was an extensive discussion on how to handle the CN to MS container in PS Handover.  The Siemens approach of sending the XID Commands and remapping parameters to the t-BSS, where they are encapsulated in a CN to MS container, is described in [2].  The alternative approach proposed by Nokia in [3] suggests that these parameters can be passed from the new SGSN to the old SGSN and then to the MS in the source cell by means of a (SGSN-MS) Backward Container.  

The main argument given against the Siemens approach was the potential waste of bandwidth over the air interface by sending unnecessary XID Commands for PFCs that are not accepted by the target BSS.  This paper aims to quantify how likely this scenario is and what is the likely bandwidth that might be wasted in these cases.  

2. Problem Description

Figure 1 shows the call flow for an A/Gb to A/Gb inter-SGSN PS Handover.  It highlights the Siemens preferred approach to the CN-MS transparent container.  The XID command(s) and any re-mapping information that is needed are passed to the t-BSS from the new SGSN in the PS Handover Request message.  This information is then assembled (but not interpreted) by the t-BSS together with the TBF allocation information provided by the t-BSS for each PFC it accepts, and is placed within the target BSS to source BSS transparent container.  The result is that the CN-MS transparent container is passed via the messages shown in Figure 1 to the MS without interpretation by any of the intervening nodes.  The following should be noted regarding this approach to container management:

· The CN-MS transparent container is essentially just an information element passed from the new SGSN to the t-BSS where it is included in the target BSS to source BSS transparent container.

· When the source BSS sends a PS Handover Command (a PACCH message) it includes the target BSS to source BSS transparent container as an information element within the PS handover Command.
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Figure 1
Siemens CN-MS container Approach

The path of the CN-MS information is shown by the red arrows in Figure 1.  The impacts of this solution are analysed in [2].  However, the issue being addressed in this paper is the fact that the t-BSS makes the decision as to which PFCs it will accept upon receipt of the PS Handover Request message, after the new SGSN has provided XID Command information for all PFCs that require negotiation of new LLC/SNDCP parameters.  This in turn may lead to wasted bandwidth on the air interface in the PS Handover Command message (i.e. the t-BSS may not accept all PFCs for which the new SGSN has provided XID Command information).  

It should be noted that during PS Handover N-SAPI mapping information may be provided by the new SGSN and it will be valid even if the PFC associated with that N-SAPI does not receive any resource allocation by the target BSS. Similarly, it can be argued that XID parameters allocated by the new SGSN will be valid even if the associated PFC does not receive any TBF resource allocation by the target BSS. In this latter case the MS will move to the new cell where uplink and downlink TBFs can be established for any PFC not allocated resources by the target BSS during PS handover and the XID parameters provided for that PFC within the PS Handover command will still be valid (i.e. the bandwidth is not really wasted by sending an XID Command for a PFC for which TBF resources are not allocated by the target BSS).

3. Bandwidth Estimates

The potentially wasted bandwidth is analysed in a two stage process.  Firstly the conditions under which bandwidth might be wasted are considered.  Secondly, the typical number of octets that might be expected to be lost is addressed.  

3.1. Conditions required for wasted Bandwidth

The following conditions must be met before wasted bandwidth due to unnecessary XID commands is encountered:

· The handover is an inter-SGSN PS handover.  

· One or more PFCs is rejected by the target BSS, but the handover is not failed.  

· XID parameters need to be negotiated.  

The following represent some pessimistic assumptions in order to quantify the likelihood of such events.  

We assume that 20% of all PS Handovers are inter-SGSN.  The probability that one or more PFCs are rejected by the target BSS (but the handover is not failed) is hard to calculate as it depends on cell loading and resource availability in the target cell.  However, a pessimistic assumption might be that this happens 5% of the time.  This seems like a poor grade of service to offer the user of real-time PS services, but for the sake of argument we will assume this figure.  

The probability that XID parameter negotiation is required is again hard to estimate.  However, a worst case can be estimated based on the assumption that the XID command always needs to be sent in the case of inter-SGSN PS Handover.  This will be the case if for instance the IOV-UI and/or IOV-I parameters need to be sent for increased security reasons as proposed in Tdoc GP-041511 (submitted by Ericsson but not presented in Bilbao).  

Assuming that these factors are independent, the probability of any given PS Handover event requiring XID negotiation where one or more PFCs are rejected by the target BSS is 1%!  

If we assume a high rate of mobility, a handover event every 30 seconds can be assumed as a pessimistic figure.  Assuming that the main PS service to be handed over is a VoIP service occupying one timeslot, we can assume a data rate of ~20 octets every 20ms (1000 octets/s).  Therefore in 30 seconds there will be ~30,000 octets of information being transmitted in one direction.  For video streaming this will be a larger value.  

3.2. Estimate of Typical number of octets wasted

In terms of how much information is likely to be wasted when the conditions described in section 3.1 are met, the following arguments are made.  

The estimated number of octets required for an XID command message has been calculated in [1] to be 30 octets when a PS Handover is required that involves changing SNDCP/LLC parameter values.  A further 8 octets per SAPI is required when further XID commands need to be sent for different SAPIs (assuming that only N201-U need to be changed).  However, in most cases there will be no need to change other LLC SAPI specific parameters as the most likely requirement for changing these is for low rate Gb interfaces where N201-U needs to be adapted.  

Applying the probability of any given PS Handover event requiring XID negotiation where one or more PFCs are rejected by the target BSS of 1% to the average number of octets required in an XID command (30) gives an average wasted bandwidth of 0.3 octets per PS Handover.  

Given that a typical VoIP data stream will pass 30,000 octets (or more) between handover events, this translates to an average wastage of 0.3/30000 = 0.00001 or 0.001% due to unnecessary XID commands.  

4. Conclusion

Under pessimistic conditions (it can be argued that the wastage is even less!) it has been shown that the average bandwidth wastage due to sending unnecessary XID Commands over the air interface is 0.001%.  

The potential wasted bandwidth is therefore insignificant in comparison to total bandwidth usage on the air interface and should not be considered as a significant factor when comparing different approaches to the CN-MS container handling schemes.  

In addition, any PS Handover procedure performed when one or more PFCs are not accepted by the t-BSS will result in the overall size of the PS Handover Command sent to the MS being smaller than the case where all PFCs are accepted by the t-BSS (i.e. since the t-BSS will not include TBF resource allocations for the PFCs that are not accepted).  As such, sending a PS Handover Command with fewer payload octets than the maximum allowed for should not present a throughput issue for the air interface.  
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