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1 Introduction

As a part of the feasibility study on A/Gb evolution, it is being investigated how to support real time QoS classes and IMS within an enhanced A/Gb mode. 

Various radio optimisation methods can be provided for services such as IMS that require the transport of real time traffic over the PS domain. As an important example, for IM conversational services, some radio optimisation such as Unequal Error Protection could be provided for PS multimedia services.

For CS voice calls, Unequal Error Protection allows to differentiate the most and least important speech bits in order to apply different level of protection for different set of bits over the radio interface. The introduction of UEP in the PS domain certainly needs some architecture enhancements that have to be identified. 

Discussions in SA2 are currently ongoing on this issue for UTRAN and GERAN Iu mode in release 6. A common solution for GERAN Iu mode and UTRAN is intended to minimize overall functionality. The solution should be based, when possible, on already specified functionality 

Solutions for GERAN A/Gb mode have not been considered so far. 

For the reasons mentioned above, UEP is an essential radio optimisation feature for support of IMS and real time QoS classes. It is therefore important to gain an understanding of the impact of UEP on an enhanced A/Gb mode compared to GERAN Iu mode in order to complete the view on the long term aspects of A/Gb mode evolution. Specifically, it needs to be understood whether the A/Gb mode protocol architecture is able to support UEP functionality in order to recognize possible limitations.

This contribution therefore intends to discuss the impacts of UEP (Unequal Error Protection) in Enhanced Gb.  It assumes that FLO (Flexible Layer One) is used as layer 1 protocol. Section 2 identifies the functionality generally required to support UEP. Two generic approaches for mapping these functionalities to the entities (SGSN / BSS) are briefly outlined in section 3. Section 4 highlights some aspects related to flexible layer 1 (FLO).

2 Functionality Required for Support of UEP 

To support UEP, the MS and its far end (other MS, MGW, MRF…) counterpart use a framing structure in which each codec subflow is carried in one RTP subflow. These RTP subflows are carried inside a single RTP flow exchanged between the MS and the far end (other MS, MGW, MRF...) destination of the media. This single RTP flow is mapped on a single PDP context. 
It is assumed that Transport Format Combinations are configured for the RTP subflows within one RTP flow carried by one PDP context. The TFC may change dynamically (by adaptation functions or multiplexing of several streams onto one packet flow).

The compressed header is added as separate subflow to the RTP subflows as proposed by [4]. 

In case of Equal Error Protection (EEP) in GPRS, an IP packet is currently modified by the following functions:

· Header Compression: the TCP/IP and UDP/IP headers are compressed. The current compression schemes in the SGSN (RFC 1144 and 2507) do not compress the RTP header. 

· Ciphering: after the header compression, the SGSN ciphers the IP packet.

· Segmentation: the BSS segments the IP packet according the current coding scheme.

The introduction of UEP would accordingly require additional functions:

· Providing information to the RNC/BSC about the payload format: this may be performed explicitly  (similar to the CS domain in UTRAN/GERAN Iu mode where the RNC is informed by the CN node about the user data structure within RAB Assignment) or implicitly (the RNC/BSC has knowledge of the RTP Profile). This is needed to determine a TFC set to use on Uu interface in advance.

· Determination of payload format: the IP packet is checked to determine the subflow combination needed for the splitting function. For this function several concepts are proposed – e.g. checking the RTP header and the payload specific header (proposed for AMR in header removal concepts) or to use the length of the RTP payload (assumes unique length for each subflow combination).

· RTP Header Compression: an efficient header compression protocol capable of compressing RTP/UDP/IP headers needs to be introduced. For example, a VoIP packet with AMR payload may have an RTP/UDP/IP header of length 40 bytes with AMR payload of length 32 bytes. Robust Header Compression (ROHC) would be able to reduce the IP/UDP/RTP header from 40 to 2-4 bytes!

· Splitting the payload into subflows: the payload is split into subflows according to the determined payload format. Each subflow should correspond to a predefined transport format. This function may replace the segmentation function when the payload length does not exceed the transmission capability of the air interface. In this case, the RLC may work in transparent mode (as in UTRAN for Iu-CS UEP).

· Rate adaptation is the function whereby the set of Transport formats is limited (or expanded) depending on the radio conditions of the radio resources involved in the communication. In UTRAN, these radio resources are either controlled by the RNC executing the rate adaptation or by the RNC issuing a rate control command in case of mobile-to-mobile communication. 
Note further, that the ‘natural’ place for the rate adaptation functionality is the RNC/BSC (according to TR 25.922).

3 UEP in Enhanced Gb

Two mappings of the function to Gb protocol entities are given as example:

3.1 Approach based on Existing Functional Split

The first mapping assumes the current function split between SGSN and BSS: header compression and ciphering remain in the SGSN. 


SGSN: The payload determination function is located in the SGSN to have access to the un-compressed and un-ciphered IP packet

BSS: The splitting function is located in the BSS to enable the direct mapping of subflow formats to the transport formats defined in BSS and MS.

MS: The MS must support both the SGSN related functions and the BSS related functions. The reuse of UMTS functions is not possible since due to the different protocol structure the functions are located in different protocol entities. 

The main issue to resolve for this approach is the required interaction between SGSN and BSS. 
· The BSS has to know in advance which subflow formats are to be handled (e.g. for appropriate MS configuration of TF and TFCIs).

· In each direction, there is needed a signalling about the current subflow combination.

For the CS domain, in UTRAN and GERAN Iu-mode this interaction is handled by RANAP (subflow negotiation during RAB Assignment procedure) and Iu-UP (transport of subflows in Iu-CS).
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This kind of interaction is currently not specified on Gb interface since the Gb protocols are not prepared to handle this type of services.

3.2 Approach based on Iu-like Functional Split

The second mapping would assume a significant change of the functional split between core and radio access network and would move the header compression and ciphering functions into the BSS. The SGSN would work transparently.
SGSN: The SGSN transfers the IP packet unchanged (transparent) as the 3G-SGSN today.

BSS: All UEP functions are located in the BSS. A new protocol entity for header compression is introduced in analogy to GERAN Iu-mode (use of the UMTS PDCP concept). 

MS: The MS must support both the new BSS related functions (where some reuse of UMTS functions is possible due to similar protocol architectures) and the transparent SGSN related functions.

The interaction SGSN –BSS for the transfer of user data remains unchanged, but the function split SGSN – BSS is completely changed to GERAN Iu-mode


[image: image2.wmf] 

1 PDP 

context

 

1 PFC

 

different protection on 

different parts of speech 

frame

 

Class A bits

 

Class B bits

 

Class C bits

 

SGSN

 

BSC

 

GGSN

 

BSC provides UEP

 


It can be seen that this approach would provide significantly better re-use potential between GERAN Iu mode/UTRAN on the one hand and eGb mode on the other hand, in terminal and network entities. However, a change of functional split on the Gb interface to this extent is certainly not recommended according to the guidelines currently understood for A/Gb mode evolution.

4 Embedding of FLO Radio Resource Related Procedures

For efficient support of UEP services, the Flexible Layer One (FLO) approach is currently investigated in a work item for establishment in GERAN Release 6. Hence efficient support of FLO in an enhanced A/Gb mode is an important criterion for the support of IMS.

The current working assumption for FLO is that dedicated channels need to be supported; assumptions for their connection setup are made in [7]. 

FLO will cause additional signalling load on the radio access network as described in [6]. In particular it will have an impact on the control plane, i.e. it requires the transmission of transport formats and transport format configurations at call set up and also at handover. 

For Iu mode RRC will be responsible for setting up this user related signalling. An RRC entity is existing both in MS and in BSS and executes the transfer of signalling messages. Appropriate transport formats and transport format combinations are selected based on QoS requirements.

For Enhanced A/Gb mode this is described below.

For the following considerations it is assumed that the BSC has all payload information available in order to determine the appropriate transport formats and transport format configurations, i.e. only the air interface relevant signalling is regarded.

If an IMS bearer is set up and the BSS decides  to set up a dedicated connection, then the BSS has to signal all supported transport formats and transport format combinations to the MS. Two options exist:

· The RLC/MAC gets enhanced functionality in BSS and MS to incorporate the transport formats and to control the transport format signalling at call set-up or handover;

· An enhanced RR functionality is introduced in BSS and MS, which executes all RR related procedures. The advantage of this option would be that it  facilitates the re-use of this functionality for services using the A-interface. Only one protocol entity is responsible for transport format configuration assignment and signalling, comparable to RRC in UTRAN.
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  Option 1: Enhanced RLC/MAC functionality.
       Option 2: Enhanced RR functionality.

To summarize, significant functionality needs to be introduced in order to enable a flexible layer one in enhanced A/Gb mode, either RLC/MAC or RR protocol functionality.

5 Conclusion

This contribution briefly reported the current status of discussions on UEP in TSG SA WG2. Functionality required to support UEP has been identified and two possible ways of mapping this functionality to the entities in an enhanced A/Gb mode were outlined.

It was shown that both approaches would have a major impact on SGSN, BSS and MS entities. 

Obviously, many open issues remain on the introduction of UEP in enhanced A/Gb mode. This document merely intends to initiate the discussion whether this kind of radio optimisation should be part of the enhanced Gb interface. Any solution will cause high standardisation impact and might even result in a change of the functional split.

Maintaining the existing functional split on Gb interface would consequently cause diverging approaches for GERAN Iu mode/UTRAN on the one hand and GERAN A/Gb mode on the other hand. Furthermore, there would be numerous changes to the Gb interface required.

Significant changes to the functional split on the Gb interface would possibly enable to re-use Iu solutions for UEP (and exploit this re-use potential in network and terminal implementations). On the other hand these changes are heavily impacting specification and implementation work.

It is recommended to study the applicability of this feature for the eGb mode and to involve SA2 into GERAN discussions to enable discussions on an overall architectural level.

Impact of FLO to an enhanced A/Gb mode has been outlined as well. It has been shown that either RR or RLC/MAC protocol functionality needs significant enhancement.
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