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Proposal for a “lossless” PS Handover

1. Introduction

In the following a proposal to realize a nearly lossless PS Handover is briefly described. 

This kind of handover would be needed for all NRT services, but also for not too delay-sensitive RT services (e.g. Streaming). 

For these services, before minimizing delay, what is important is to reduce packet loss and duplications
 during handovers. 

Since AM RLC would be used to deliver data over the radio interface in this case, it clearly makes no sense to perform blind transmission in the t-BSS during the packet forwarding phase. Two solutions exist: forwarded packets can be discarded at the t-SGSN/t-BSS, and this would lead to packet loss, or they can be buffered, waiting for a PS Handover Complete, and this would likely lead to packet duplication.

A different approach is therefore needed. In [1] a possible solution was presented, requiring the introduction of a modified SNDCP/LLC mode. In the following an alternative proposal is described, which relies on UM LLC and which is therefore considered as a more viable option.

For conversational services the packet forwarding concept, introduced in [2], still applies; the s-SGSN provides packet to the source and target side (t-BSS may start blind transmission with UM RLC).

2. Lossless PS Handover solution

The proposal is to rely on the enhanced radio status procedure already introduced in Rel-6 to reduce packet loss for cell reselections.

After sending the PS Handover Required to the s-SGSN and before sending the PS Handover Command to the MS, the s-BSS shall ask the s-SGSN to stop downloading packets to the s-BSS (e.g. using the newly introduced enhanced radio status procedure) so that the s-SGSN can start buffering them.

As an example, in Figure 2, the Suspend indication is sent by the s-BSS after receiving the PS Handover Command from the s-SGSN.

Then the BSS shall try to empty its buffer before sending the PS HO Command. 

When the t-SGSN receives the PS HO Complete message it shall ask the s-SGSN to reroute the buffered packets and then shall forward them to the t-BSS.

It must be noted that all rerouted packets from the s-SGSN should be forwarded to the t-BSS before packets coming directly to the t-SGSN from the GGSN!
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Figure 1: “Lossless” PS Handover - Preparation Phase; Inter SGSN case. No packet forwarding is initiated after the Prepare PS HO Response is received at the s-SGSN.

This procedure minimizes packet loss (only when the s-BSS is actually able to empty its buffer before sending the PS HO Command there is no packet loss!) and avoids completely packet duplication.

This strategy does not replace the “lossy” one (i.e. packet forwarding to the source and target side with blind transmission in t-BSS, using UM RLC), since that would be needed in any case for very delay-sensitive services (e.g. some Conversational services like VoIP).

But now the interesting point is: how to decide which kind of HO per PFC should be applied?

The lossy one (with blind transmission in the t-BSS) would be useful for delay-sensitive services. The "lossless" (with buffering of packets until a PS Handover Complete message is received) would be useful for sure for NRT services, but for some less-stringent RT services as well.

At the end, it seems that the real indicator for the handover strategy to use would be the RLC mode - AM or UM - used to transfer data over the air interface. But in practice, it would make sense to rely on an higher layer QoS attribute, such as the “traffic class” or the "transfer delay" for instance.

3. Open issues

Since different services (i.e. PFCs) may have different requirements during handover, the first issue that needs to the solved is that the Suspend PDU should include an indication about the PFCs for which DL traffic has to be stopped at the s-SGSN. 

As discussed above, the BSS could derive this information from the RLC mode used for the individual PFC. Although this make sense, it cannot be guaranteed that the same RLC mode is applied at both the s-BSS and the t-BSS! An alternative could be to rely on some QoS parameters contained in the ABQP, e.g. the “traffic class”, the “transfer delay” or the “SDU error ratio”. But in this case it is believed that the QoS parameters threshold should be clearly defined then. Furthermore, if during the handover the NSAPI > SAPI > PFI mapping changes, also the ABQP may change, so that the decision taken at the s-BSS could be different from the one expected at the t-BSS. 
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 Figure 2: “Lossless” PS Handover - Execution Phase; Inter SGSN case

An alternative is to avoid the explicit Suspend Indication from the s-BSS, since the suspension may be started immediately by the s-SGSN after the reception of the “Prepare PS HO response" message (step 7 in Figure 1) and implicitly communicated to s-BSS in the PS HO Command.
In this case it would be up to the s-SGSN to decide which kind of handover to apply (also exploiting the information received in the “Prepare PS HO response" message). In any case, the setting of some QoS parameters threshold would be needed again.

The second issue which needs to be solved is the inter-RAT and inter-mode handling (e.g. PS HO from UTRAN -> GERAN A/Gb mode).

In this scenario, the idea to retain packets at the source side, waiting for a “Data Forwarding Request” from the target side, would imply a modification in the current behaviour of 3G nodes. For instance, in UTRAN it is the s-RNC which starts data forwarding (as soon as the TEID is available) to the target system (in case of PS HO from UTRAN -> GERAN A/Gb mode, to the t-SGSN ). The GERAN A/Gb mode -> UTRAN PS HO case needs to be investigated too. 
In general, to ease inter-RAT handover, a solution similar to hard handover in UTRAN should be taken into account.
4. Conclusions

A solution to provide nearly lossless PS Handover in GERAN A/Gb has been proposed. 

Such proposal seems much easier to implement than the one suggested in [1], since it relies on existing/already foreseen mechanisms – e.g. data buffering at the SGSN during cell reselections – and doesn’t need the introduction of a modified SNDCP/LLC mode.

The inter-RAT/inter-mode handling for the possible solution described in this contribution has to be further analyzed. This analysis is necessary before concluding on any lossless PS handover solution, to develop a comprehensive harmonized approach.  

A clear rule regarding the “handover type” to be applied needs to be defined. (This is true for any lossless PS handover proposal) It also needs to be harmonized with inter-RAT/inter-mode cases.
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� Duplicating packets is detrimental for many reasons: 


it causes some bandwidth waste over the radio interface, 


it may disturb upper layer protocols (for instance ROHC may fail if it receives out-of-order/ duplicated IP packets). 
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