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1 Introduction

As discussed in e.g. ‎[1] and ‎[3], the current RLC and MAC protocols need to be updated to support high data rates. While it is possible that the protocol support for high data rates is already needed in Release 7 to support MIMO, the need for the protocol improvements increases with radio access improvements, such as higher order modulation, connected to the HSPA Evolution.

In this contribution we show that by small modifications to the existing RLC and MAC protocols it is possible to simultaneously support high data rates, reduce padding, improve coverage and maintain easy co-existence between earlier versions of the protocols. As the data rates are expected to be higher in the downlink than in the uplink, we focus in this contribution on the protocol improvements for the RLC and MAC-hs. The enhancements could also be applied for the MAC-e/es protocols in order to reduce the uplink padding and improve coverage.
2 RLC Improvements

The maximum sustainable data rate for RLC protocol may be limited by window stalling. The sustainable rate can be estimated by

Rate = Window size * PDU Size / RTT.

In order to sustain high data rates, the RLC protocol must be able to avoid window stalling. The easiest solution is to increase the PDU size, which leads to excessive padding and, if very large PDUs are used, possibly problems with RLC retransmission inefficiency on the cell edge since the probability is high that a HARQ NACK/ACK error occurs for large RLC PDUs segmented into many TTIs.
To avoid the problem of RLC retransmissions with very large RLC PDUs, it is beneficial to use the current RLC segmentation mechanism to limit the size of the RLC PDUs. The maximum RLC PDU size can be chosen sufficiently large to avoid the window stalling, but still low enough to avoid the very long retransmissions

The padding can be (completely) eliminated by allowing RLC to transmit variable sized PDUs. 

The resulting protocol operation is shown in Figure 1. Note that the proposed improvements to the RLC operation do not change the current RLC header format. The only change required is to allow RLC to transmit and receive PDUs with variable size.
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Figure 1: Proposed RLC segmentation and concatenation method.
3 MAC Improvements
The current MAC-hs protocol only allows support for 8 different RLC PDU sizes. In order to support variable sized RLC PDUs the MAC-hs protocol needs to be updated. 

The need for MAC-hs segmentation has already been discussed in ‎[1] and ‎[2]. We propose to add a segmentation mechanism for the MAC-hs layer in order to enhance coverage (especially important for large RLC PDUs) and to reduce MAC-hs padding
An example of a possible header format is shown in Figure 2. A clean solution for introducing a new header format for MAC-hs is to change the version flag (VF) from 0 to 1. The other solution would be to use RRC signaling to indicate how UE should interpret the MAC-hs header. However, as will be shown in Section ‎4, the use of the version flag allows better co-existence with earlier version of the protocol
. The Q-ID and TSN fields are still needed, but the SID and N fields are replaced with a Length indicator field, indicating the size of a single MAC SDU. In addition, for the first PDU of a TTI, a Segmentation Flag (SF) is needed to indicate if the first MAC SDU has been segmented. Finally the F flag is still needed to indicate if a new LI follows or the payload starts.
It should be emphasized that the exact details of the new MAC-hs header format are for FFS, and that number of optimizations are possible. For example, the N field, indicating the number of PDUs with same size could be beneficial.


[image: image2]
Figure 2: An example of a possible MAC-hs header format
4 Co-existence with earlier protocol releases

The use of unmodified RLC protocol header and the version flag in the MAC-hs header allow efficient transition from an enhanced protocol operation to normal protocol operation, e.g. when changing from a Release 6 Node B to Node B supporting enhanced protocol operation. By restricting the RLC PDU size to a preconfigured, fixed size (e.g. 336 bits) in the RNC when operating with a Release-6 Node B, it is possible for the release 6 Node B to receive and transmit the RLC PDUs using MAC-hs Release-6 protocol without any reconfiguration between RNC, Node B or UE. 
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Figure 3: Co-existence between enhanced protocols and Release 6.
5 Conclusion

A set of L2 protocol enhancements that allow simultaneous support of high sustained data rates, reduced padding, improved coverage and efficient co-existence between Release-6 L2 protocols and enhancements has been presented. 
We propose to agree to capture the following improvements in the “Scope of the HSPA Evolution” Technical Report:

1. Introduce MAC segmentation
2. Support variable RLC PDU sizes in RLC

In addition we propose that the existing RLC segmentation is kept also for the enhanced RLC protocol. 
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� In order to allow for future enhancements, a new version flag (VF2) can be introduced
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