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Discussion
1 Introduction

In this document the observation is made that the existing LTE design is connection-oriented in nature.  The document then goes on to illustrate how the adoption of a more connectionless approach could be advantageous for the support of background and IM smart-phone traffic. 

The document concludes by proposing that RAN2 should consider connectionless approaches when investigating potential solutions for the problems being addressed within the eDDA study [1].  
2 Classification of potential eDDA solutions
The eDDA study has high-lighted that many smart-phones run applications which result in a traffic profile consisting of occasional large volumes of data transfer (eg during a voice call or FTP download) which are overlaid on a background traffic profile of relatively infrequent transmission of small amounts of data.  The problem being addressed by the study is how a smart-phone can efficiently support both types of traffic.  In particular the study has focussed on how to support the infrequent low volume background/IM traffic in a way which makes efficient use of radio resources, UE power resources and network resources.

Potential solutions for these problems can be categorised at a high level as being either connection-oriented or connectionless.  

2.1 Connection-oriented solutions

The existing LTE design is connection-oriented.  There is significant signalling which needs to take place to establish the EPS bearer between the UE and the PDN-GW before a single IP packet can be transferred.  In order to resolve the problem of efficiently supporting background traffic within the context of such a connection-oriented design there are at least the following two general approaches which can be explored:

· An RRC connection can be forced to be very long lived:

· This has the advantage that the overhead associated with performing the connection-oriented signalling to establish and release the RRC connection and radio bearers is reduced.

· It has the disadvantage that there can be significant overhead and resources consumed in maintaining the RRC connection, which during the long periods of little user activity are disproportionately costly, for example:

· Handover measurement reports and radio link reconfigurations as necessary

· Periodic channel soundings (CQI, SRS)

· Maintenance of timing advance  

· RRC connections can be forced to be short-lived

· This has the advantage of avoiding the overheads, listed above that are associated with retaining the RRC connection. 
· It has the disadvantage that there will be high levels of connection-oriented signalling (AS security activation; handover measurement report configuration; SRB2 and user plane radio bearer setup) experienced in setting up and closing down RRC connections for each small message transfer.
2.2 Connectionless solutions

A connection-oriented approach is ideal for applications where QoS is very important, since the signalling can be used to ensure that (potentially limited) resources are reserved on the end to end connection prior to the call starting.  An example of such a service that benefits from a connection-oriented approach is speech where it is preferable to block a call prior to it starting rather than to admit a call and then to have that call suffer from poor QoS. 
However, in the case of the background and IM traffic which is the focus of the eDDA study, it can be argued that these demanding QoS constraints do not exist and therefore that a connection-oriented approach may not be the most appropriate.  
The Internet Protocol (IP) is an example of a connectionless protocol, the header of each packet contains sufficient information for the receiving entity to process that packet, specifically to route the packet onwards and to manage any QoS expectations (eg. through DSCP).  In this way it is possible to launch a packet into the network without the need to first perform any signalling.
3 Motivations for the connection-oriented approach in LTE
In order to answer the question of how and whether a connectionless concept could be applied to LTE it is first worth reviewing in some more depth the motivations behind the existing connection-oriented approach:

· Mobility management and routing

· In the existing LTE system UE mobility is handled by effectively putting in place connections or tunnels between adjacent network elements (eg between P-GW and S-GW, between S-GW and eNB and between eNB and UE). 

· The RRC Reconfiguration procedure is used to configure measurement reports in the UE in support of a network controlled mobility management scheme that results in tunnels and connections being reconfigured as the UE moves. 
· QoS

· IP packets requiring the same QoS treatment (eg scheduling priority) are filtered onto the same bearer.  Additional bearers are set up toward the UE as necessary when services are added which require new and different QoS treatments to those available on pre-existing bearers. 

· Security

· In the existing system signalling in advance of each new session / packet call is used in order to establish AS security.  NAS security contexts are established during ATTACH.
· Spectral efficiency

· Signalling in advance of packet flow can be useful in order to improve spectral efficiency:

· For example, the radio bearer (PHY, MAC, RLC, PDCP) configuration can be customised according to the specific QoS requirements and UE capabilities.
· Where large volumes of data are to be transferred it may be more efficient to exchange information between two end points prior to a user plane data flow commencing compared to the alternative in a more connectionless approach where the same information is repeatedly sent in the header of every packet that is transferred.
· Handling different UE capabilities
· Existing radio bearer configuration procedures can take into account differing UE capabilities in configuring radio bearers (PHY, MAC, RLC, PDCP) and in applying any necessary restrictions in eNB operation. 

4 Applying connectionless concepts in LTE

In the previous section a list of motivations was provided for adopting a connection-oriented approach.  If a more connectionless approach is to be realised then either alternative methods need to be found for achieving the same functionality or else justification needs to be provided that the functionality is not required.  This is addressed below:

·  Mobility management and routing

· It could be argued that background and IM traffic does not require seamless handover support (unlike the case for a service like voice).  Signalling associated with configuring and reporting handover measurements could be avoided by allowing the UE to autonomously perform cell re-selection.

·  Routing of mobile originated packets from eNB to MME is easily achieved by requiring the UE to provide an MME identifier as part of the uplink packet transfer process.
· Routing of mobile terminated packets from MME to eNB is more problematic but could be achieved by performing a paging procedure to determine the eNB under which the UE is camped.  Optionally, UE provided cell updates might also be used to keep the network informed when a cell reselection occurs during or shortly after periods of activity.
· QoS

· One of the questions here is whether the background and IM traffic under consideration actually requires differentiated QoS treatment given that all the traffic is non-real time.   

· In a conventional connectionless approach information concerning the required QoS handling of a packet will be included in the IP packet header itself (using the DSCP code point).  
· Security

· Whilst ciphering of user data over the air is required, one option is to make use of security contexts which are established during the ATTACH procedure, such as the NAS level security context, as opposed to establishing separate AS level security for every packet transfer / packet call. 

· Spectral efficiency

· Where only one or a few packets are to be transferred, the overall system-wide spectral efficiency benefits achieved through customised bearer configuration and/or through packet header rationalisation are much less significant.  This is because the signalling costs incurred in setting up an optimised user plane bearer are disproportionately high given the small amount of application layer data which needs to be conveyed. 

· Handling different UE capabilities

· Where the objective is just to transmit small messages on an infrequent basis, one option is to design a system for connectionless packet transfer which assumes a lowest common denominator UE capability
.  
Perhaps the closest that the existing LTE system comes in approaching a connectionless-like approach is with support for procedures such as the Tracking Area Update, where the procedure can be completed without establishment of user plane radio bearers or AS security.
Carrying small packets over the control plane, following a signalling only RRC connection establishment, can be viewed as a step towards a more connectionless approach (which we shall call “connection-lite”) for packet transfer in a cellular network.  The justifications for making this distinction are two-fold:

· The message is conveyed without setting up a user plane / media stream connection, and
· The end-user packet is typically sent along with a large header that enables subsequent processing of the packet by the receiving node (in 3GPP terminology, the end-user packet is embedded within a NAS/AS control plane message).  
It can also be observed that one of the existing options for support of (infrequent) short messages, ie the Short Message Service (SMS), carries application layer messages over the PLMN control plane.
The option of using the control plane to carry small messages in a connection-lite manner has the following benefits:
· The NAS security context, which is established in the MME and the UE during the ATTACH procedure, can be used to provide ciphering of subsequent IP packet transfers without the signalling overhead involved in establishing AS security.
· It is possible to avoid the signalling overhead associated with setting up and releasing separate user plane radio bearer(s), SRB2, S1 bearer(s), and handover measurement report configuration, for isolated packet transfers.

· Battery life will be improved as the duration of RRC connections will be reduced and because less power will be consumed in processing signalling messages.

5 A hybrid connection-lite / connection-oriented approach
By supporting a connection-lite approach for the transfer of small messages in the control plane whilst still supporting the existing connection-oriented approach for the conveyance of large volumes of potentially QoS sensitive traffic in the user plane it is possible to exploit the best of both approaches, see Figure 1. 

[image: image1]
Figure 1) Illustration of hybrid connection-lite / connection-oriented approach

This type of approach has been discussed within 3GPP SA2 in the context of work on how to support small MTC data transmissions, (see section 6.53 of 3GPP TR 23.888 [2]).   Indeed it can be observed that much of the background and IM traffic being considered within the eDDA study item is of a machine to machine nature wherein many of the IP packets are generated autonomously by the smart-phone application and without any human intervention.  
6 Conclusion

In this document the observation has been made that the existing LTE design is very much connection-oriented in nature.  It was shown how the adoption of a more connectionless approach could be advantageous for the support of background and IM smart-phone traffic.  

It was observed that the approach of carrying small packets over the control plane (connection-lite) can be viewed as a step towards a more connectionless method for packet transfer in a cellular network.  In this regard it was noted that the existing Small Message Service (SMS) makes use of the control plane for application data transfer.   
By supporting a more connectionless approach for the transfer of small messages in the control plane whilst still supporting the existing connection-oriented approach, for the conveyance of large volumes of potentially QoS sensitive traffic in a separate user plane, it would be possible to exploit the best of both approaches.   

The document also discussed how much of the background and IM traffic generated by smart-phones is of a machine to machine nature, being generated autonomously by the smart-phone and without user intervention.  In this regard it was noted that one of the solutions being considered by SA2 for the support of small MTC data transmissions could be classified as a hybrid connection-oriented / connection-lite approach.  When operating in the connection-lite mode, instead of requiring AS security to be established, the approach discussed in SA2 makes use of pre-established NAS security contexts. 
Proposal:  It is proposed that RAN2 consider more connectionless approaches when investigating potential enhancements for Diverse Data Applications.  

If RAN2 agree to consider connectionless based approaches in the scope of eDDA then additional work could be done to investigate further optimisations to the radio layer signalling which could be performed to carry small messages in a more connectionless manner over and above those optimisations that have already been identified by SA2 in section 6.53, [2].    
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Infrequent small message transfer handled in a more connectionless-like manner over the C-plane
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Large media stream transfer handled in a connection-oriented manner over the U-plane












































� With this proposal it should be noted that when the UE is operated in a connection-oriented mode, for example during a video call then each UE would be operated so as to take advantage of its full range of capabilities.
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