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Introduction

At SA2#20, a CR to TS 23.060 was approved that added a new condition to the existing ones for the multiplexing of different NSAPIs to the same LLC SAPI [1]. In addition to the old criteria the paragraph now requires that in case BSS packet flow contexts are created, all NSAPIs that are multiplexed onto the same LLC SAPI shall share the same BSS packet flow context.

Today, work is ongoing to allow the same kind of QoS support for PS services in Gb mode as in Iu mode. From this perspective it would be preferable if the handling of the Packet Flow Contexts in Gb mode would be as similar as possible to the RAB handling in Iu mode to simplify service continuity between Gb mode and Iu mode. This would mean a one-to-one mapping between NSAPI, PFI and LLC SAPI. A one-to-one mapping would require seven new LLC SAPIs defined for SNDCP payload. However, this will not be backwards compatible with pre-Release 6 UEs unless something else is done as well.

A one-to-one mapping of NSAPI, PFI and LLC SAPI would also be beneficial in order to avoid the rather messy ABQP handling that will be the result otherwise. 

In this document, three different solutions for handling the issue are investigated.

Discussion

The current requirements on multiplexing of NSAPIs onto LLC SAPIs cannot be fulfilled with the number of LLC SAPIs that are available today. This is the case not only in Release 6 but also for earlier releases and is due to the number of possible combinations of traffic classes and traffic handling priorities.

Three different alternatives can be identified that solves the problem:

1) Keep the requirements on how the multiplexing of NSAPIs onto LLC SAPIs but reduce the number of allowed active PDP Contexts to four for Gb mode.

2) Keep the number of LLC SAPIs that are specified today but change the rules for how the multiplexing of NSAPIs onto LLC SAPIs is done.

3) Keep the requirements on how the multiplexing of NSAPIs onto LLC SAPIs and add seven additional LLC SAPIs to support the full number of PDP Contexts that one user may activate.

The three alternatives are discussed further in the sections below.

Limit the number of active PDP Contexts

This is a pretty simple solution from a technical point-of-view. The maximum number of PDP Contexts that would be allowed should be set to four. One might argue that several PDP Contexts with the same QoS could be mapped to the same PFI/LLC SAPI but as explained later in this document, this is not such a good idea. Limiting the maximum number of active PDP Contexts should not have any impact on the UEs, neither the legacy ones nor the new Release 6 compliant ones. If a UE tries to activate an additional PDP Context that the core network cannot support, it will be rejected using the normal SM signalling.

The major drawback with this solution is that it reduces the flexibility of the Gb mode. 

Modify the QoS to LLC SAPI mapping rules

The rules that determine what NSAPIs that may be multiplexed onto one LLC SAPI have changed over time. In GSM Release 97 they were based on that the radio priority level, QoS delay class, and precedence class where the same. From Release 99, the delay class and precedence class attributes were replaced by the traffic handling priority and the traffic class.

In order to overcome the issue where a user cannot activate another PDP Context because the multiplexing rules will not allow that specific QoS to be used together with the existing active ones, it could be possible to replace the “shall” with “should” both concerning the QoS attributes and the PFC handling. This would mean that the specifications would be changed in the opposite direction compared to the CR already approved for TS 23.060, as the multiplexing rules would have to be loosened. 

The benefit from this alternative is that it would give a more flexible handling of the NSAPIs and the complex handling of the ABQP could be avoided. Also a statement of this kind may in fact be needed anyway to make the pre-Release 6 specifications consistent.

The major drawback is that there might be problems with LLC acknowledged mode (ABM) and the applicability of the XID negotiation. These problems will need further investigations.

Extend the LLC SAPI range

The criteria that the NSAPIs that are multiplexed onto the same LLC SAPI shall have the same QoS traffic class and the same QoS traffic handling priority and possibly even the same Allocation / Retention priority leads to that the number of LLC SAPIs that are needed increases. However not more that eleven LLC SAPIs may be needed, as there are not more than eleven NSAPIs.

Out of the current sixteen possible LLC SAPIs, assuming that the coding is kept to four bits, eight are used. The rest are reserved. Considering that four LLC SAPIs are already available for SNDCP payload, seven additional ones would be needed to have a one-to-one correspondence between NSAPI and LLC SAPI.

If it is decided to extend the LLC SAPI range used for SNDCP payload, then a new flag has to be added to MS Network Capabilities IE so that the SGSN will be aware of if a certain UE supports the additional values or not. 

Requirements on the Core Network

A Release 6 SGSN must be able to handle both Release 6 UEs that supports the extended LLC SAPI range as well as pre-Release 6 UEs that only support the current four LLC SAPIs. If the pre-Release 6 UEs are to be allowed to have more than four active PDP Contexts with arbitrary QoS then the statement in 3GPP TS 23.060 paragraph 12.3.2 that restricts the multiplexing of NSAPIs to LLC SAPIs has to be changed, at least for pre-Release 6 UEs.

If the extended LLC SAPI range is introduced, then it must be up to the SGSN to decide if two NSAPIs with similar QoS shall be multiplexed onto the same LLC SAPI and share PFI or not in order to allow the desired one-to-one mapping between NSAPI, PFI and LLC SAPI. 

Requirements on the Mobile Station

A Release 6 compliant UE shall if it can handle more than four active PDP Contexts support the extended LLC SAPI range and indicate this in the MS Network Capabilities IE.

UEs that are pre-Release 6 or do not support more than four active PDP Contexts shall not be affected by any changes that are proposed. However, the core network may reject PDP Context activation attempts if the available LLC SAPIs cannot handle the requested QoS. Already today, it is allowed to use any LLC SAPI for any QoS parameter settings [3].

Why multiplexing of several NSAPIs to one PFI is not a good idea
If two or more NSAPIs are multiplexed onto the same PFI, the handling of the Aggregate BSS Quality of Service Profile (ABQP) for that BSS Packet Flow Context (PFC) will become very complex. 

For instance a single MODIFY BSS PFC that changes the QoS parameters of the ABQP of a shared PFC will lead to multiple PDP Context modifications to the GGSNs out of which one might be rejected by one of the GGSNs. For the PDP Contexts that were successfully modified in the GGSNs, the SGSN should modify the PDP Context also towards the UE, which in turn might reject the modification. All of the changes caused by the MS and the GGSNs will then lead to a new CREATE BSS PFC to the BSS with a new ABQP.

Conclusions

It has been shown that the current requirements on multiplexing of NSAPIs onto LLC SAPIs cannot be fulfilled with the number of LLC SAPIs that are defined for SNDCP payload today. Three possible solutions have been presented. The preferable solution would be one that makes it possible to have a one-to-one mapping between NSAPI, PFI and LLC SAPI. This would also avoid the overly complex multiplexing of different NSAPIs to one.

The only complete solution would be to extend the LLC SAPI range to eleven LLC SAPIs for SNDCP payload. This would require changes to the NAS signalling so that the core network can be told if the extended range is supported by the UEs. 

In order to handle pre-Release 6 UEs either the rules for how the multiplexing of NSAPIs onto LLC SAPIs is done are loosened or the number of allowed active NSAPIs is lowered to four for Gb-mode. Further discussions are needed to see which of these alternatives is the preferred one.
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