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1. Introduction

In this document we discuss the evolution of the protocol architecture for LTE, with focus on user plane protocols and the relationship between these protocols for LTE and UTRA/UTRAN evolution.

With this contribution we aim to discuss the different aspects of evolution in order to progress the discussion and ultimately have a decision. We believe that it is important to have a decision on this subject. Otherwise this issue will be reopened during every technical discussion, ultimately risking the overall progress for the whole LTE study.

2. Discussion

In general one could foresee two main alternatives in the protocol evolution for LTE. Either the protocol layers above the physical layer and an access specific MAC part is common for both LTE and UTRA/UTRAN evolution or a completely new protocol stack is developed for LTE. In this section we discuss these alternatives further.

2.1 One Common Evolution or Two Separate Tracks?
In the discussions on LTE requirements it has already been acknowledged that the development work on EUTRAN shall consider aspects as migration and cost efficiency. Such requirements are of course difficult to measure, and the evaluation tends to be subjective, but we believe everyone can agree on that these aspects are important.

For the following discussion we also note that it is reasonable to believe that UTRA/UTRAN evolution (both FDD and TDD) will continue with release 7 and beyond. For example, there are already work items defined for release 7, and there are many additional technical enhancements possible. We also see it likely that operators would not like to throw away their investments in UTRA/UTRAN systems by discontinuing that development path. As a comparison, we are still evolving the GSM/GPRS/EDGE/GERAN specifications, almost 15 years after the first deployment.

As a consequence the discussion on evolution turns into whether 3GPP would like to see one common evolution track or two separate independent evolution tracks. This is illustrated in Figure 1.


[image: image1.wmf]Rel99 baseline

LTE

Rel4

-

7 enhancements

Future

enh

.

Rel99 baseline

Rel4

-

7 enhancements

Future

enh

.

Future 

enh

.

LTE

One Common Evolution

Two Separate Tracks


Figure 1: One or two evolution tracks
In the following we concentrate the discussion on user plane protocols even if the same reasoning can be applied on other areas as well.

From the successful introduction of features like HSDPA, Enhanced uplink and MBMS we know that rather significant additions and modifications can be done to the specifications while keeping higher layers common. Note that common protocol layers does not mean that these layers can not be enhanced and modified to accommodate e.g. higher peak data rates or other performance enhancements. From the work on feature removal we also know that 3GPP have mechanisms to remove features and functionality when they become replaced by better performing alternatives.

One set of common higher layers would have significant advantages from many points of view. There is no reason why enhancements to the higher layer protocols (e.g. simplification of procedures or increased protocol efficiency) should only benefit a new physical layer. Also the performance for existing physical layers can in many aspects be improved in the same way. As an example one can mention enhancements to support higher peak data rates and reduced padding in RLC, which would clearly benefit both UTRAN evolution and LTE.

It is also obvious that having one set of common higher layers is better from a cost and migration perspective as there will be one common specification to implement and standardize. Naturally, such approach would allow vendors and operators to focus the standardization, research and developments effort in one direction only. If the higher protocols for LTE is completely new there would be a need to have separate standardization, development, implementation and testing for the different tracks respectively. 

From an implementation point of view, we can also mention the importance of common protocol stacks between systems in order to ease the development of competitive dual mode terminals. A common protocol stack will also ease the testing of terminals and enable faster time to market. Although 3GPP can move functionality between protocol layers (and nodes) in the network, it has to be seriously considered how such moves will impact the terminal. As an example one can mention that if e.g. ciphering is performed in the MAC layer in LTE in contrast to ciphering in RLC for UTRAN, dual mode terminals need to implement and test ciphering in both layers.

Concerns have been raised that requirements a common protocol stack might negatively impact the performance of EUTRAN. This would also be the only argument for 3GPP to consider independent evolution of protocols. Instead of assuming that the current protocol architecture cannot reach the LTE performance requirements and for that reason start the specification work with a blank sheet, the 3GPP starting point should be the successful system that we have already today. From that, we should analyse what aspects are preventing us to reach the defined performance requirements, and introduce the additions/modifications and removals that are required.
It has also been claimed that a new set of protocols could be made significantly simpler than an evolution of the UTRA/UTRAN protocols. This is questionable since it is very similar functionality that is needed in the link layer protocols in LTE and UTRA/UTRAN and it should be remembered that dual mode terminals and networks need to implement both set of protocols in case the protocols are different.

Our view is that a solution with one common set of higher layer protocols will have the same possibility to reach the performance requirements as the dual protocol stack approach. EUTRAN should fulfil the defined performance requirements, and we shall introduce the needed changes to the existing specifications in order to fulfil these performance requirements. Even with rather significant changes, there will still be a benefit of not having to reinvent the wheel, and we will gain speed in the specification and implementation work.

2.2 Possible Protocol Architecture

In order to illustrate the discussion in section 2.1, Figure 2 shows the preferred way for evolution based on the solution with one common set of higher layers.
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Figure 2: Possible protocol evolution.

Green=Modified if needed, Yellow=New, Blue=Additions and removals based on evolved Rel6

As illustrated in the figure there is one radio interface with multiple physical layers and MAC modes. These have been enhanced in several steps, and the new LTE radio interface should be one such future step. The HSDPA and Enhanced UL physical layer and MAC protocols are integrated into the existing protocol architecture and can be connected to the evolved MAC-d. On top of the evolved MAC-d there is an evolved RLC and evolved RRC/PDCP applicable for both LTE and UTRA/UTRAN evolution. 

Maintaining a possibility to have a WCDMA based physical layer and MAC connected to the evolved MAC-d will not harm the development of the LTE physical layer and LTE MAC since these can be done independently. Also, as long as the interface to the lower layers is supported by evolved MAC-d, it is possible to independently of the physical layer evolve and even merge the higher layer protocols. 

It is clear that with this type of evolution for example WCDMA based physical layer and MAC will benefit from both enhancements done in the overall UTRAN architecture as well as enhancements done in specific protocol layers, such as RLC and signalling protocols. Furthermore, UTRAN protocols get one common evolution track, meaning that developers only need to implement and maintain one protocol stack instead of several.

3. Summary and Proposal

This contribution has discussed whether the LTE protocol architecture and higher layer protocols shall be common with the protocols used for the ongoing UTRA/UTRAN evolution (release 7) or whether it shall contain a separate protocol stack independent from UTRA/UTRAN. We have shown that there are significant advantages with having one common set of higher layer protocols and continue to do modifications, additions and deletions where justified.

Further, we have presented one possible way for protocol evolution in where a new physical layer and MAC are introduced as an integral part of the radio interface protocol stack. Modifications, additions and deletions can be made to higher layer protocols in order to meet the defined requirements on performance and simplicity. Those changes are common for the existing and the new physical layer.

In summary we foresee a number of advantages with a common set of higher layers:

· Low cost for migration and short time to market due to reuse of existing functionality

· Possibility to focus standardization, implementation and testing on one protocol solution

· Many improvements introduced for EUTRAN are applicable also for UTRAN FDD/TDD modes

Ericsson proposes therefore that:

· The work on LTE shall target one protocol stack for all defined physical layers, in line with the model presented in section 2.2 in this contribution.

· Architectural and protocol enhancements should as far as possible be applicable for all physical layers.
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