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1. Introduction

One-to-one mapping of NSAPI-SAPI-PFI has been discussed before by 3GPP, and now it becomes evident that one-to-one mapping should be evaluated again.

There is a need of one-to-one mapping between NSAPI-SAPI-PFI for the case of the new services that would not be possible to multiplex in the very same user data LLC SAPI without damaging the service performance. For example, the support of conversational services over (E)GPRS such as VoIP.
Additionally, service continuity has become user and operator need because of the use and spread of multiple services that have to be supported over both Gb mode and Iu mode. This implies that to achieve the best possible user experience of any service during service continuity, the handling of the BSS packet flow contexts in Gb mode should be as similar as possible to the RAB handling in Iu mode. One notices that currently for packet-based services over Iu mode already exists a one-to-one mapping between NSAPI-RAB ID-RB identity (see 3GPP TS 23.060 ‎[1]). Therefore, not symmetrical solution exists in Gb and in Iu mode.
Not only that, but also the lack of one-to-one mapping in Gb mode leads to a rather messy handling of Aggregate BSS QoS Profile (ABQP) by the network, since 3GPP requires that all NSAPIs which are multiplexed onto the same user data LLC SAPI share the very same BSS packet flow context.

All the above means that one-to-one mapping between NSAPI-SAPI-PFI seems to be the preferred solution for new releases of 3GPP systems.

One-to-one mapping would require new user data LLC SAPIs defined for the SNDCP payload (This is further elaborated in the sub-clause 2.2 of the current document).
2. Discussion

2.1 History

The issue of the one-to-one mapping has been discussed before by 3GPP by means of LSes and contributions among different working groups, i.e., SA2, GERAN, CT1.

A bit of history is that SA2 back in 2003 identified problems caused by the limited number of LLC SAPIs. SA2 indicated via LS (in S2-032177/N1-030813) that “only four LLC SAPI are available for all NSAPIs of a UE”, SA2 remarked “the use of the same BSS packet flow for all NSAPIs mapped onto the same LLC SAPI limits possibilities for different QoS profiles”. Therefore, SA2 required both GERAN and CT1 (former CN1) to study whether more SAPIs could be made available for a UE and extend the number of LLC SAPIs.

GERAN replies (in GP-032681) that “GERAN2 does not foresee any problems if the LLC SAPIs were to be extended in order to support a higher number of user plane PFCs than 4”.

CT1 discussed the issue considering three alternatives:

1.- Limit the number of active PDP context in Gb mode

2.- Modification of QoS and LLC SAPI multiplexing rules

3.- One-to-one mapping

The result of the investigation performed by CT1, according to the CN1#32 meeting minutes report , was that for Rel-5 modification of the multiplexing rules for QoS and LLC SAPIs (i.e., alternative 2) was agreed. However, “the alternative 3 with 7 more LLCs to map into is preferred”, also that “on the long term the increase of LLC SAPI values was foreseen as a better solution”. Therefore, the meeting minutes report shows that “It was agreed that alternative 2 is needed for Rel-5, and then alternative 3 can be evaluated again later”.
2.2. Problems with multiplexing several NSAPIs to one SAPI/PFI

As previously mentioned the 3GPP system defines multiplexing rules of NSAPIs onto LLC SAPIs(/PFI) because of the lack of one-to-one mapping. The reason of this is that up to Rel-4, only 4 QoS classes were defined! However, this is no longer valid. The full problem aroused from Rel-5 onwards and becomes more evident in new releases of 3GPP when new services come true. 

Also, it is important to note that, for example, IMS-based services require two LLC SAPIs, one for control signalling and another one for user data. 
One may wonder why multiplexing of several NSAPIs to one LLC SAPI/PFI is not a good idea. 

On one hand, if two or more NSAPIs are multiplexed onto the very same PFI, the handling of the Aggregate BSS Quality of Service Profile (ABQP) for that BSS Packet Flow Context (PFC) becomes very complex. For instance, a single MODIFY BSS PFC procedure, which changes the QoS parameters of the ABQP of a shared PFC, leads to multiple PDP context modification procedures to the GGSNs out of which one might be rejected by one of the GGSNs. For the PDP contexts, which are successfully modified in the GGSNs, the SGSN has to modify the PDP context also towards the UE, which in turn might reject the modification too. All of the changes caused by the UE and the GGSNs will then lead to a new CREATE BSS PFC procedure towards the BSS with a new ABQP.
On the other hand, it is necessary to note that the multiplexing rules that determine what NSAPIs may be multiplexed onto one LLC SAPI have changed many times. Also, they might change again in the near future if 3GPP system continues lacking one-to-one mapping. For example, in GSM R97, the multiplexing rules were based on that the radio priority level, QoS delay class and precedence class where the same. From R99, the delay class and precedence class attributes were replaced by the traffic handling priority and the traffic class. Again, in Rel-5 and Rel-6 the multiplexing rules were changed again. Because of this multiplexing rules changes, new implementations are required that result in high cost.
2.3 Modifications required to specify one-to-one mapping
Currently, only four user data LLC SAPIs are available for all NSAPIs of a specific UE. In order to allow one-to-one mapping not more that eleven LLC SAPIs may be needed, as there are not more than eleven NSAPIs for PDP contexts. 
The LLC SAPI information (defined by 3GPP TS 44.064 ‎[4]) has a length of 4 bits where out of the current sixteen possible LLC SAPI values, eight are used.  The rest of the values are defined as "reserved". However, it is important to note that one additional codepoint "0000" is used to indicate that LLC SAPI is not assigned (as specified by 3GPP TS 24.008 ‎[5]). This seems to indicate that only 7 values are available, since the value ‘0’ is also defined. However, for new releases of 3GPP specifications also the value ‘0’ could be used, with the corresponding modifications to 3GPP specifications.
In any case, assuming that the coding of the LLC SAPI information is kept to four bits and considering that today only four user data LLC SAPIs are available for the SNDCP payload (3GPP TS 44.065 ‎
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‎[4]), then only seven additional ones would be needed to have a one-to-one correspondence between NSAPI and LLC SAPI.
The existence of code points defined as "reserved" indicates that it is not possible to use these code points directly, since an old SGSN or UE implementation would have to reject a message containing a reserved value in a mandatory IE. 

However, this is not a problem since can be easily solved by means of having a new IE or an indication of support of new LLC SAPIs from the receiving entity. The latest means that the extension of the LLC SAPI value range used for the SNDCP payload, requires to add new indication of support of the new value range flag in the MS Network Capabilities IE (see 3GPP TS 24.008 ‎[5]) so that the SGSN is aware of whether a certain UE supports the additional value range or not.
The UE should also be able to identify whether the SGSN supports the new value range. This can be done by means of, for example, using a spare bit in the Network feature support information element sent by the SGSN at GPRS attach and routing area updating procedures.

Additionally, it would be good to inform, during the XID negotiation procedure, about the LLC SAPI capabilities of both the UE and SGSN. A new version of the LLC protocol would signal whether the new value range is supported or not.
Considerations on the SGSN side
First of all, it is important to highlight that any Rel-7 SGSN must be able to handle both Rel-7 UE, which supports the new extended LLC SAPI value range, as well as legacy UE, which only supports the current LLC SAPI values. 
If the new extended LLC SAPI value range is introduced, then it must be up to the SGSN to decide whether two different NSAPIs with similar QoS should be multiplexed onto the same LLC SAPI and share the PFI or not in order to allow the desired one-to-one mapping between NSAPI-SAPI-PFI. 
The SGSN should indicate to the UE the support of the new LLC SAPI value range by, for example, the use of a spare bit in the Network feature support information element. 

Finally, modifications to the stage 2 on GPRS (i.e., 3GPP TS 23.060 ‎[1]) because of multiplexing are needed. However, the main changes are on specifications under the technical custody of CT1 (the working group that holds the expertise in protocol details).
Considerations on the UE side
Both legacy UE and Rel-7 UE, which does not support more than four active PDP Contexts, are not affected by any proposed change.
Any Rel-7 UE, which can handle more than four active PDP Contexts, has to support the new extended LLC SAPI value range and indicates this in the MS Network Capabilities IE (see 3GPP TS 24.008 ‎[5]).
3. Conclusion

This discussion paper highlights that one-to-one mapping has become a need for packet-based services over (E)GPRS for the new releases of 3GPP systems. 
Additionally, the history with regard to the one-to-one mapping and background information needed in order to evaluate any proposal are described. 
As agreed by CT1 back in 2003, the only recommended solution is to extend the LLC SAPI value to get one-to-one mapping of NSAPI-SAPI-PFI. This requires changes to the NAS signalling, for example, so that the core-network can know if the new extended LLC SAPI value range is supported by the UEs (new indication). This indication avoids any backwards compatibility problem. 

In conclusion, this contribution proposes that the one-to-one mapping of NSAPI-SAPI-PFI is allowed by 3GPP systems in the Rel-7 timeframe of the work. Finally, if the proposals outlined in this contribution can be agreed upon by CT1, the following working assumptions should be made by the working group and included in the meeting report:

· One-to-one mapping should be added to the Rel-7 version of the 3GPP specifications according to CT1 view.
· SA2 has to be informed about the CT1 working assumption on one-to-one mapping.

· A number of CRs have to be prepared against appropriate specifications in order to complete the work in Rel-7.
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