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1.  Introduction

The RLC protocol has remained fairly stable over the different specification releases. However, with the introduction of HS-DSCH and E-DCH, a number of inadequacies of the L2 protocol stack has been identified, which makes the RLC  performance suboptimal over these new transport channels. In [1], a number of  such protocol deficiencies where identified.  The solutions proposed in [1] have a fairly modest  impact on the L2 protocols, but the performance gain can be substantial.  
In this  paper, we focus on issues related to  the current restrictions on the  RLC/MAC-d PDU size. Inflexible RLC PDU sizes may result in performance drawbacks such as substantial amount of padding, RLC stalling for AM mode, coverage problems if the RLC PDU size is too large, and the need to define tailor-made RAB realizations for VoIP/multimedia applications and codecs c. f. [2]. Unnecessary segmentation can also be equipped with a high processing cost. 
The  suggested enhancements are proposed to be supported over HS-DSCH and E-DCH, i.e. the discrete PDU sizes configured by RRC should remain for Rel-99 channels.    

2. Performance limitations due to fixed size RLC PDUs
 In this section, we briefly review some of the performance limitations arising from restrictions in applicable RLC PDU sizes (see [1] for a more comprehensive view, including examples):  
Padding
A mismatch between the available RLC PDU sizes and the RLC SDU size may result in a substantial amount of RLC padding, as exemplified in [1]. This is particularly true for  small RLC SDUs, as well as for traffic flows resulting in discrete packet arrivals to the link layer, such that the concatenation function in the RLC cannot be used. 

Protocol overhead

Segmentation of large RLC SDU:s into smaller RLC PDU:s  can result in a large header overhead – particularly for large RLC SDU:s, c.f. [1]. 
In the figures below, the amount of protocol header overhead and padding  is compared for a fixed RLC PDU solution with 320 bits RLC PDU size and a flexible RLC PDU solution. For both solutions, a 2 octet header was assumed
. The overhead caused by the RLC Length Indicator (relevant for the fixed PDU alone) is not included here.  The results for the fixed RLC PDU solution are thus a little too optimistic.
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Figure 1. Fraction of RLC padding and header overhead as a function of the IP packet size [in octets].
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Figure 2. The amount of RLC padding and header overhead in bits as a function of the IP packet size.
Protocol stalling in RLC AM mode

For small RLC PDU sizes, the range of the RLC AM sequence number has been identified to be too short to support the high peak-rates provided by HS-DSCH and E-DCH. This problem will potentially be even more pronounced in the future if the peak-rates are improved further by e.g introduction of  MIMO or higher-order modulation (interesting for fixed broadband access).  Increasing the PDU size is an obvious solution to this problem, but  equipped with the drawback of increased padding as well as coverage problems at times of bad link quality. 
Inflexibility

The current solution with discrete  RLC/MAC-d PDU sizes configured by RRC means that every codec or application should ideally have its own optimized set of RLC/MAC-d  PDUs. A realization may be suboptimal if the codec and/or application is different from the expected one. 

Currently, there is an ongoing activity in 3GPP in defining such conversational reference bearers for E-DCH and HS-DSCH [2, 3], mainly targeting the support of VoIP and multimedia traffic. The choice of RLC/MAC-d PDU sizes is one aspect in this work.    
3. What is restricting the RLC/MAC-d PDU sizes in specs?    
The RLC protocol (UM and AM) does not appear to have any strong restrictions that would demand a fixed (set of) PDU sizes. In fact, the UM mode of RLC is “flexible” already today, in the sense that multiple “arbitrary” (octet-aligned) PDU sizes could be used for one radio bearer . 
The main reason for having fixed or a discrete set of RLC PDU sizes comes from the Transport Channel realizations. This is particularly true for Rel-99 channels, where arbitrary RLC PDU sizes would result in an “explosion” of the combinations of Transport Formats and Transport Format Combinations.  However, this restriction is much less severe for HS-DSCH and E-DCH, where the Transport Formats are de-coupled from the RLC/MAC-d PDU sizes. The changes we propose are therefore not applicable to Rel-99 channels, but to HS-DSCH and E-DCH alone. 
The PDU-size restriction over HS-DSCH and E-DCH is due to restrictions in the MAC-hs and MAC-e header fields.  
In MAC-hs, the SID header field restricts the number of MAC-d PDU sizes to eight (8) per re-ordering queue. For the uplink, the 6 bit DDI field provides the mapping between MAC-d flows and logical channels, as well as information about the MAC-d PDU sizes. Thus, the largest number of possible uplink MAC-d PDU sizes is dependent on the number of logical channels and MAC-d flows configured and carried over E-DCH. 
Thus, in order to facilitate “flexible” RLC PDU sizes (also called “Packet Centric RLC”), there is a need to modify the MAC-hs and MAC-e headers, such that arbitrary MAC-d PDU sizes can be used. 
3  Proposed solution 
We propose that RAN 2 considers the possibility to re-structure the MAC-hs and MAC-e header fields for Release 7 of the MAC specification, such that arbitrary RLC/MAC-d PDU sizes can be used over HS-DSCH and E-DCH.  
4. Discussion

Observe that enabling a “Packet centric” or “Flexible” RLC PDU size does not imply that the existing RLC functionality such as segmentation  and concatenation would be disabled or removed per se. RLC segmentation and concatenation could still be used as before, if considered beneficial. 

Changing the header structure of MAC-hs and MAC-e to facilitate arbitrary MAC-d PDU sizes implies a slight increase in the header size. As pointed out in [1], however, this cost is justified by the great savings resulting from the reduction of RLC padding and overhead. The solution will also solve the RLC AM stalling problem for high data-rate transfers, since such transfers are typically carried with large IP packets (RLC SDUs).

The present proposal is particularly attractive for VoIP and multimedia traffic, where the resulting flexibility would provide low overhead and non-existent RLC padding for any codec or data stream.  In addition, there is no need to implement tailor-made RAB realizations for specific codecs or applications. 
We also believe that reducing the amount of unnecessary segmentation in the RLC will reduce the processing cost a lot, since many of the RLC actions are proportional to the number of RLC PDUs rather than the bit-rate. This should be particularly attractive for high-category UE implementations.  

One argument that could be raised against the flexible RLC PDU size concept is the handling of very large SDUs (IP packets) at the cell edge, potentially leading to coverage problems or low retransmission efficiency in the presence of HARQ residual  losses. The latter problem refers to a case with segmentation deployed in MAC, and the loss of a small MAC segment would result in a retransmission of the whole RLC PDU to which the lost MAC segment belongs. However, a flexible RLC PDU size does not preclude segmentation.  This problem could therefore  be handled e.g. through an RLC segmentation limit where SDUs above a certain size are segmented but SDUs with lower size have a flexible RLC PDU size. Potentially the segmentation limit could be applied only when needed, i.e. at the cell edge. 
 In this contribution, we focused on the introduction of “flexible” RLC/MAC-d PDU sizes. However, there are further enhancements of the L2 stack that could be considered simultaneously for Release-7, including (c.f. [1]): 

· MAC-hs segmentation. Introducing a segmentation-function for MAC-hs can reduce the MAC-hs padding. 

· MAC-hs multiplexing per-TTI. Today’s downlink realization does not facilitate multiplexing  of different flows (logical channels/MAC-d flows) within one TTI. This may result in sub-optimal performance for small packets.  
· Prioritization of RLC re-transmissions by the MAC-hs scheduler. 

This list is provided as a reference of additional possible L2 improvements. We encourage other companies to provide their input for L2 improvements  for Release 7.  
4. Conclusion

In this contribution, we described our proposal to enhance the MAC protocol for HS-DSCH and E-DCH to support flexible MAC-d PDU sizes.   
The proposed solution is necessary to support flexible RLC PDU sizes. Flexible RLC PDUs can solve several performance drawbacks of the present protocol stack, including unnecessary overhead, RLC padding, RLC AM stalling, inflexibility in RAB realizations  and high processing demands.  
The proposal is backwards compatible in the sense that it is possible to mix Release 6 UEs and Release 7 UEs following the proposed scheme on the same HS-DSCH. It is proposed that the described solution is discussed and adopted for Release 7 for HS-DSCH and E-DCH. Restrictions in applicable RLC/MAC-d PDU sizes would remain for Release-99 channels.
If the proposal is adopted Ericsson volunteers to provide CRs to a coming RAN2 meeting.
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� The RLC PDU size is not part of the RLC header but is indicated on the frame protocol.
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