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1.  Introduction

In this document we discuss the evolution of the user plane protocols (PDCP, RLC, MAC) for EUTRAN. We first have a general discussion on the evolution strategy that is suitable for the EUTRAN protocols. We further highlight the most important functionality provided by the current release 6 user plane protocols and discuss some potential modifications to these protocols, suitable for EUTRAN. 

It is undisputed that the architecture and protocols for EUTRAN should fulfill the requirements that have been defined for the LTE SI. This means that the changes needed to meet the requirements should be done. However we believe that there are some clear benefits if as much of the functionality from earlier releases as possible can be reused for EUTRAN. We also believe that as many of the changes to the existing protocols as possible should be applicable for both EUTRAN and UTRAN FDD/TDD modes (one evolution track).  This would give the following advantages compared to a completely new protocol stack (See also [1] for further discussion):

· 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

In this document we outline a possible evolution for the user plane protocols for EUTRAN that builds on the current release 6 protocols

2.
User plane protocols in evolved UTRAN

The protocol entities in the Release 6 user plane protocol stack can be seen in Figure 1 below. In the following, the most important roles of the different protocol layers are discussed. Some details in this discussion would depend on the EUTRAN architecture. However we here try to make the discussion as general as possible, without restricting us to a particular architecture. 
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Figure 1 Protocol entities in the Rel-6 user plane protocol stack (for downlink). Note that the protocol entities in the network may be located in different physical nodes.

2.1
PDCP

The PDCP layer currently handles SRNS relocation and header compression. The SRNS relocation procedure in release 6 is relatively complicated, especially for the case of lossless relocation. This is particularly true if security is considered. We believe that an SRNS relocation procedure is needed in PDCP but that PDCP can be simplified by removing the current lossless relocation functionality (relocation is performed when the user is not active). Header compression is of course still needed in EUTRAN but the optimal placement of the header compression functionality depends on the selected architecture. At least the header compression should not be located in the Node B since that gives a high overhead on the Iub interface.

Conclusion: It seems beneficial to keep PDCP in EUTRAN. However, the protocol could probably be simplified by removing some of the current PDCP functionality.

2.2
RLC

The most important functions provided by the RLC protocol in release 6 are ARQ retransmissions, segmentation/concatenation of incoming packets to fixed size RLC PDUs and ciphering. This discussion is focused on AM RLC which is assumed to be used for TCP/IP based applications. UM RLC could be used for certain services such as VoIP and streaming in case the RLC RTT is not sufficiently low to use ARQ also for these type of services. We do not foresee any need to support TM RLC in EUTRAN.

2.2.1
ARQ retransmissions

In release 6 (for HS-DSCH and E-DCH), the ARQ retransmissions are mainly performed for the following reasons:

- To avoid data loss at HS-DSCH cell change

At a HS-DSCH cell change the data stored in the Node B buffer is discarded and RLC is currently used to provide a lossless cell change. Since e.g. TCP traffic is very sensitive for data losses if high data rates are to be achieved, lossless cell changes are required in EUTRAN. This functionality is already provided by the RLC layer. Potentially this functionality could be provided by other protocol layers, but it is questionable if that would increase the performance or reduce complexity.

- To recover from losses over the Iub interface

In many UTRAN deployments, the Iub is the bottleneck link, and packet losses over the Iub can occur due to congestion. The current RLC layer recovers these losses since the ARQ retransmissions are performed from the RNC to the UE. It is likely that Iub links may be congested also for EUTRAN which implies that a solution to handle congestion related losses is needed.

- To recover from residual errors in the HARQ protocol

The HARQ protocol in HS-DSCH and E-DCH uses a one bit ACK/NACK feedback that is transmitted every TTI. Due to the relatively low reliability of the HARQ feedback, RLC ARQ is needed to handle residual errors.  The frequent HARQ feedback is desired to achieve a low round trip time in the HARQ protocol. However, due to the frequent transmissions of the feedback it would be very costly (in terms of power) to achieve a sufficiently high reliability of the MAC HARQ feedback. It is therefore not straightforward to achieve the low probability for residual errors that is needed if RLC ARQ is not used.

2.2.2
Segmentation/Concatenation

In release 6 the RLC protocol performs segmentation and concatenation into RLC PDUs of fixed size. This solution was originally designed for DCH channels, where it was beneficial to use a fixed PDU size. For EUTRAN, we foresee that the data will be transmitted on shared channels, similar to HS-DSCH and E-DCH. In this scenario it is no longer needed to have fixed PDU sizes. It would in fact be more beneficial to perform the segmentation in an access specific MAC layer where the instantaneous radio conditions are known. We therefore propose to remove the segmentation and concatenation functionality from RLC and move it to the MAC layer as described in Section 3.

2.2.3
Ciphering

In release 6 ciphering is performed in RLC (for AM and UM). Ciphering requires explicit sequence numbers as input and it is suitable for efficiency reasons to reuse the sequence numbers used for ARQ for this purpose. There are also some arguments why ciphering should be performed by a central node but that is out of the scope of this document.

Conclusion: It is clear that mechanisms will be needed in EUTRAN to handle the above mentioned functionality. One option is clearly to use (a modified version of) RLC for this purpose since the functionality is already in place. If the functionality is provided by other protocol entities the complexity and performance of alternative solutions need to be investigated. Proposed modifications to RLC are further described in section 3.

2.3
MAC-d

The MAC-d layer in release 6, when used together with HS-DSCH or E-DCH, mainly provides logical channel multiplexing. We believe that this functionality can be provided more efficiently by the access specific MAC layer (here denoted MAC LTE). Similar to the solution used for E-DCH. Thus the MAC-d layer can be made transparent or removed completely for EUTRAN.

Conclusion: The multiplexing currently performed in the MAC-d layer can probably be made more efficient in the access specific MAC LTE layer. MAC-d can therefore be made transparent or be removed for E-UTRAN.

2.4
MAC-hs/e

The MAC-hs/e layer in release 6 contains the access specific MAC functionality, i.e. link adaptation (selection of transport block size and number of codes), scheduling and MAC level HARQ retransmissions. Similar functionality will be needed also in EUTRAN and it is natural to place this functionality in a new MAC entity located in the Node B. We here denote this new MAC entity MAC LTE.

We also believe that segmentation is better performed in the access specific MAC layer (MAC LTE) than in RLC as described in section 3.

Conclusion: Similar as for HS-DSCH and E-DCH the access specific MAC functionality (link adaptation, scheduling, HARQ retransmissions and segmentation) in EUTRAN could be placed in a new MAC entity in the UE and in the Node B.

The proposed modifications to the protocol entities for EUTRAN is summarized in the picture below.
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Figure 2 Proposed protocol entities in the EUTRAN user plane protocol stack. Note that the protocol entities in the network may be located in different physical nodes.

2.5
Relation to release 6 protocols

The proposed protocol architecture is shown in the figure below. As illustrated in the figure there is one radio interface with multiple physical layer- and MAC modes. The LTE physical layer and access specific MAC protocol 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. 

Maintaining a possibility to have WCDMA based L1 and MAC connected to the evolved higher layer protocols will not harm the development of LTE L1 and LTE MAC since this can be done independently. Also the evolution of higher layer protocols (MAC-d, RLC, PDCP) can be done fairly independent as long as they also work on top of WCDMA based L1s and MACs. As long as the interface to the lower layers remains, it is even possible to merge some of the upper protocols.


[image: image3.wmf]DCH L1

CCH L1

HSDPA / EUL

L1

LTE

L1

MAC

-

LTE

HSDPA/MAC

-

hs

EUL/MAC

-

e*

MAC

-

c/sh

MAC

-

d (LTE

±

)

RLC (LTE

±

)

RRC (LTE

±

)

PDCP (LTE

±

)

CN signalling

User plane data


Figure 2: Possible protocol evolution.

Green=Modified if needed, Yellow=New, Blue=Additions and removals based on evolved Rel6
3.
Protocol details

In this section we describe some further details regarding the proposed protocol enhancements. This discussion is focused on the RLC and LTE MAC layer since we foresee the largest changes in these protocols.

3.1
Proposal for RLC and MAC LTE evolution

As discussed in section 2 we see a benefit of keeping the RLC layer for EUTRAN. The main reasons for this are:

· To avoid data loss at HS-DSCH cell change

· To recover from residual errors in the HARQ protocol

· To provide efficient handover to legacy HSDPA and E-DCH channels

· To recover from losses over the Iub interface
The first and last bullets are only applicable for an architecture where RLC is located in a central node, whereas the two first bullets are general and are applicable to any system architecture.

The requirements on high data rate and low latency imply that the current  (Rel-6) user plane protocol solution needs to be modified. As already identified for HS-DSCH the throughput of the RLC protocol is limited by the sequence number space and the RLC PDU size. The RLC PDU size could be increased to combat this problem but this would lead to significant padding overhead and coverage problems at the cell border. A straight forward solution to the RLC throughput problem is to increase the sequence number space which has been proposed already for HS-DSCH.

However, also with an increased sequence number space the RLC protocol is rather inflexible. The presence of padding and protocol overhead caused by the segmentation mechanism leads to that the efficiency of the protocol is not optimal. We therefore propose to modify the RLC protocol as described in the following:

Packet centric RLC with variable PDU size 

Instead of using a fixed PDU size as in Rel-6 we propose to have a variable PDU size, where the PDU size is adopted to the payload size. The RLC PDU size is selected to exactly match the payload (SDU) size and there is therefore no segmentation, concatenation or padding involved. The PDU size is indicated as part of the RLC header, which replaces the length indicators in the current RLC protocol. The total size of the RLC header would be slightly larger than the current AM RLC header but the absence of padding and the fact that only one RLC header per SDU is needed leads to a lower total overhead. 

MAC and physical layer solutions

Since no segmentation is performed at the RLC layer the size of the RLC PDUs can be as large as 1500 octets (not including the RLC header), which needs to be considered in the design of the MAC and physical layer. 

This can be handled by introducing a traditional segmentation functionality in the MAC layer in the Node B. The advantage of doing the segmentation in the access specific MAC layer is that the MAC PDU size can be adapted to the instantaneous radio conditions and be integrated in the link adaptation. 

Alternatively, a solution without segmentation could be used. Instead of segmenting an RLC PDU into multiple pieces, one alternative is to first encode the RLC PDU into Forward Error Correction (FEC) blocks and then to use rate matching to form FEC fragments, which fit into the available radio resources. If the RLC PDU was large, this may result in a very high initial code rate, in some cases even higher than one, making it highly unlikely that such a transmission can be decoded correctly. Therefore, in combination with Incremental Redundancy HARQ, a so-called autonomous retransmission is performed, whereby more data from this PDU is transmitted, without waiting for a negative acknowledgement. This is repeated until the probability of successful reception is sufficiently high.  A conventional HARQ protocol is used to request retransmissions in case the data can not be decoded after all FEC fragments have been received

3.2
Benefits with the proposal

With the proposed changes to the existing protocols we achieve the following benefits compared to the release 6 protocols:

· The peak rate limitation in release 6 RLC due to window stalling is removed

· The padding and protocol overhead is reduced due to the adaptation of the RLC PDU size to the payload size

· No detailed information about the payload of different services is needed since the RLC size is not configured: No service specific radio bearer realisation is needed on RLC level

· The solution typically leads to larger RLC PDUs compared to release 6 RLC, leading to lower processing requirements in both network and UE.

4.
Conclusion

A possible protocol evolution for EUTRAN has been presented that builds on the existing release 6 protocols rather than defining a new protocol stack from scratch. 
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