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1 Introduction

During the last S2 meeting in Yokohama, a proposal was presented that introduced a mechanism to allow the RNC to compress the IP Header. A number of companies supported the idea but some questions were raised and further analysis was required. This paper attempts to solve these issues and then goes on to propose that the original idea shall be acceptable for UMTS release 99.

2 Discussion

To begin the discussion, the Iu user plane protocol architecture for Release 99 is shown below.

A tunneling protocol is used between the 3G-SGSN and the UTRAN. 
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Figure 1: User Plane Protocol Architecture SGSN terminated GTP-U

By observing the stack we can see that the UTRAN terminates the tunnels, whereas in a 2G system the tunnels would be terminated and interpreted by the 2G-SGSN. A relay would be used to pass the tunneled packets to the SNDCP layer for compression. Also note that there is no LLC layer in the CN, however, it is assumed that the RLC layer in the RNC will perform all the necessary actions that LLC performs in the 2G architecture.

2.1 Role and position of SNDCP in 2G networks
SNDCP (Subnetwork Divergence Control Protocol) is the protocol located above the LLC layer in the 2nd generation GPRS MS to CN user plane stack.

Users of the SNDCP in 2nd generation systems are the relay (SGSN) and the Packet Data Protocol (UE) whilst SNDCP uses the services of the LLC. 

SNDCP offers the following functions:
· Command (establish / release) of the LLC acknowledged mode. This is a local function (within either SGSN or MS) that does not need any specific protocol between MS and SGSN.

· Segmentation (and hence re-assembly) of  PDP packet onto frames suitable for the BSS (Segmentation to maximum-length LLC frames). This had been introduced to facilitate a BSS with small buffering capacities as in the case of the GPRS PCU function put in the BTS.

· Storage of not yet acknowledged PDU's (waiting for acknowledgement at LLC level)

· Compression of redundant protocol control information (e.g. TCP/IP header) and user data

· Multiplexing of the PDP contexts for a given MS. This includes multiplexing of PDU from PDP contexts of the same QoS onto one LLC connection.
Above and below the compression/decompression, the mapping of NSAPs (Upper SNDCP) to SAPs (Lower SNDCP) is performed by the SNDCP function, where one SAP is equal to one QoS profile having the same address. Figure 2 illustrates the position and function of SNDCP.




Figure 2: Functions of 2G-SNDCP Protocol
2.2 Need of SNDCP functions in a 3G environment
In an UMTS environment:

· The command of the LLC layer is not needed as there is no LLC layer

· Segmentation is not needed as the RNC is supposed to have sufficient memory to cope with IP domain service data units (1500 octets considering current GSM/GPRS requirements)

· Storage of not yet acknowledged PDU (waiting for acknowledgment) is done at RLC level
· Multiplexing of the PDP contexts for a given UE is done at the RLC/MAC level on the radio and at GTP level on Iu / Gn..

· Compression of redundant user data is more an end to end function as it is linked with for instance the audio / video codec that is going tobe used.

Hence out of the functions devoted to SNDCP in 2G network, only header compression functions need to be considered in UMTS. 
2.3 Different possible locations of Header compression in UMTS

Considering the UMTS architecture we can therefore assume three possible solutions:

· Compression mechanism in the RNC.

· Compression mechanism in the 3G-GGSN entity.

· Compression mechanism in the 3G-SGSN entity.

2.4 Compression in the RNC

2.4.1 Advantages

Choosing this solution for UMTS allows the processing load of compression/decompression mechanisms to be fully distributed which also implies the additional advantage that the compression can be optimised for the used RAN.

Locating the compression function in the RAN defers the SGSN from the task of opening and processing packets, therefore higher data rates can be achieved.

Further, we may note that the compression entity is as close as possible to the reliable link (as in 2G) which in this case is the RLC. Therefore it can be stated that a faster recovery of packets is possible after loss of packets in the radio interface and this solution will therefore minimize the amount of buffering in the UE and network.

As a final observation we can say that efficient inter-system handovers can be supported using this solution.
2.4.2 Disadvantages

By locating the compression in the RAN then we lose the ability for compression on the Iu interface, but this is outweighed by the advantages above.

If we consider inter-working, this is fully achievable with minimum complexity even though this is slightly different to the GPRS solution, however, one slight drawback is that the compression entity will be reset after each Inter-RNC Handover.

2.5 Compression in the 3G-GGSN

2.5.1 Advantages

If the compression mechanism is placed in the gateway then it is possible to have compression on the Iu which could possibly save some bandwidth on the Iu User Plane interface. Additionally, during handovers, if we assume that the 3G-GGSN is the anchor point then reset of the compression entity will never occur.

2.5.2 Disadvantages

Placing the compression within the 3G-GGSN is completely dissimilar to the method used today in GPRS. This solution would require updates to GGSN functionality and necessitate a significant increase in required processing power due to the fact that the GGSN must perform this compression/decompression function for each active PDP session that it participates in.

If we compare with current GPRS then it can be seen that this method is completely dissimilar to the method used today in GPRS. Consider further the incompatibilities between 2G and 3G - for example - it would be impossible to have a 2G-SGSN inter-working with a 3G-GGSN. Vice versa, this solution would be quite complex to implement in an inter-working environment.

Similarly, let us also think about the requirements placed on the compression function by the new access network. It would be preferable to have a solution that can be configured/specific to the used RAN (in such a way the header compression would be the most efficient) which this solution does not offer. We also require the compression function to be adaptive to highly varying delays and re-ordering of packets. Thus if we assume an unreliable Iu, lost packets mean long recovery time as current compression algorithms assume that compressed headers are received correctly. This further implies that the number of packets to be transmitted increases after error, therefore a degradation in the compression effect may occur.
2.6 Compression in the 3G-SGSN

2.6.1 Advantages

If the compression mechanism is placed in the serving node then it is possible to have compression on the Iu which could possibly save some bandwidth on the Iu User Plane interface. Additionally, this would look more like the GPRS solution used today.  

2.6.2 Disadvantages

This solution necessitates an increase in required processing power due to the fact that the SGSN must perform this compression/decompression function for each active PDP session that it participates in. Furthermore, data rates may be less efficient as a result of the 3G-SGSN having to open and process each packet.

During handovers between 3G-SGSN's it will be necessary for the compression entity to be reset. Moreover, let us also consider inter-working - for example - inter SGSN handover. During the packet session the GTP packets in the old SGSN or SRNC will be in a compressed form, however, during handover some packets will need to be forwarded to the new SGSN. We may assume that 3G compression algorithms could possibly be different to 2G compression algorithms, therefore complexity and delay is added to the architecture as packets would require decompressing before being transferred from the old SGSN or old SRNC to the new SGSN. In this chapter, it is assumed that the packets do not reside in old SGSN, because there is no flow control in Iu. It would mean that downstream packets (that were 3G-compressed in old 3G-SGSN), still in SRNC at 3G --> 2G hand-over need to be forwarded in an uncompressed format from old RNC to new 2G-SGSN ( via old 3G-SGSN). However, here we have the above mentioned problem of first decompressing packets in old 3G-SGSN before transferring them in an uncompressed format to new 2G-SGSN.

Again, it would be preferable to have a solution that can be configured/specific to the used RAN (in such a way the header compression would be the most efficient) which this solution unfortunately does not offer. We also require the compression function to be adaptive to highly varying delays and re-ordering of packets. Thus if we assume an unreliable Iu or radio interface, lost packets mean long recovery time as current compression algorithms assume that compressed headers are received correctly. This further implies that the number of packets to be transmitted increases after error, therefore degradation of the compression effect may occur.
2.7 Conclusion: Location of the compression function in UMTS
2.7.1 Functional role of SNDCP / L3CE
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Out of the functions devoted to SNDCP in 2G network, only header compression and XID negotiation functions need to be considered in UMTS. Hence the term L3CE is introduced.

2.7.2 Position for header compression
RNC position for header compression is the best place because:

· differential header compression algorithms work better if they are located in the place where packets are more likely to be discarded (after having discarded packets the compression algorithm can send a packet with full header
). This place is the RNC (where the queues for downstream packets waiting for radio resources are located). 

· The compression entity is as close as possible to the reliable link (as in 2G) which in this case is the RLC. Therefore it can be stated that a faster recovery of packets is possible after loss of packets in the radio interface and this solution will therefore minimize the amount of buffering in the UE and network. 

· the compression can be optimized for the used RAN. 

· It increases the possible data rates that can be achieved: Locating the compression function in the RAN defers the SGSN from the task of opening and processing packets 

· efficient inter-system hand-over can be supported 
2.7.3 Implied protocol stack
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Figure 3: User Plane Protocol Architecture with header compression mechanisms
3. Proposal

It is proposed that: the group considers the merit of the above proposal and agrees to either:

· Include section 2.7 of this Tdoc in the chapter 7 of 23.20 as a new subchapter titled IP compression in UMTS.
· And Include sections 2.7.2 of this Tdoc  in sect 4.1 of 23.30  

or if that is not acceptable, Include section 2.7 in the chapter 9 of 23.20 as a new subchapter titled IP compression in UMTS.

It is also proposed that figure 3 is included as part of TR 23.07 QoS and thus replaces the existing Fig 3.
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� As an example, if RFC 2508 RTP/UDP/IP compression applies, as the time stamp is not transmitted on compressed link, the loss of a packet implies the loss of the time synchronization between sender and receiver. Hence after a packet discard the RNC should send a full RTP/UDP/IP header avoiding this loss of synchronization.
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