Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG2#55
Tdoc R2-063301
Riga, Latvia, November 6-10, 2006



Agenda Item:
17
Source: 
Ericsson 

Title:  
Enhancing L2 protocols for uplink
Document for:
Discussion, Decision 
1 Introduction

The need to enhance downlink L2 protocols to support high data rates, reduce protocol over-head and to reduce padding was captured in ‎[1]. The motivation for uplink enhancements in the document is, however, limited to the argument of reducing the padding. In this document we provide additional reasoning for enhancing the uplink L2 protocols, and provide an example of how the L2 enhancements could be implemented in uplink.
2 Motivation for L2 Enhancements in uplink
RLC  and MAC padding reduction 

First, as already identified in ‎[1] and ‎[2], the support of flexible RLC will (completely) eliminate the padding in the RLC layer. As also discussed in ‎[2] the MAC-e padding can also be avoided when the UE has enough data in its buffer. 
UL peak data-rate support
Similarly to the downlink, the RLC protocol with fixed PDU size cannot efficiently support high uplink data rates. A large PDU allows for higher peak-rates, but it can create problems at the cell border when the UE is power-limited. A flexible RLC PDU would provide good support for both the cell-border scenario and for peak data rates. While the HSPA uplink peak-rates will typically remain lower than the corresponding downlink rates, we find that a revision of the uplink L2 in conjunction with the downlink L2 improvements would provide forward compatibility of the protocol stack for e.g. introduction of higher order modulation or MIMO in the uplink.  
RLC overhead reduction
Since the RLC and MAC reside in the same node in the UL, the RLC PDU size can be selected so that only one RLC header per new MAC-es PDU is produced, reducing the RLC level header overhead. 
Simplified RAB handling and testing

In order to provide efficient handling of certain services in Rel-6, RABs optimized for specific purposes are needed. Examples are the VoIP RABs that have been optimized for certain codecs and the 320 and 640 bit RLC PDU sizes for HS-DSCH. With flexible RLC the RAB is always optimized for the incoming SDU sizes and a generic testing approach can be used where all possible PDU sizes are verified. 

Processing Gain

The UE processing is typically proportional to the number of protocol units that need to be processed. 

The small fixed PDU size of the current RLC protocol causes unnecessary protocol processing. This processing in the UE could be reduced by introducing flexible RLC also in the uplink.

Better support for RLC retransmissions 
The need for MAC segmentation in the uplink is similar to the need for MAC segmentation in the downlink. Sudden changes in the radio link quality may lead to situations, in which it is not possible to successfully deliver an RLC PDU even with the maximum number of HARQ retransmissions, leading to retransmission of the original PDU on the RLC layer. However, if the poor radio conditions persist, it is very likely that the retransmission will also fail. Finally the RLC protocol will exceed MAX_DAT transmissions, and perform an RLC reset or SDU discard. This can be avoided by MAC segmentation.
3 Example implementation of the uplink L2 enhancements 
Similarly to the downlink ‎[3], introducing support for flexible RLC PDU sizes (with predefined maximum size) does not require significant changes to the RLC functionality or specification. However, the support for the flexible RLC PDU sizes does require changes to the MAC-e and MAC-es functionality. At least the DDI and N fields need to be updated in order to be able to point out the size of the RLC PDU. 

Furthermore, it would be desirable to support efficient transition from enhanced L2 protocols to Release 6 protocols. Especially, since the support for flexible RLC PDU can be realized without changing the RLC protocol header, it is in theory possible to support transition to the Release 6 RLC operation simply by restricting the RLC PDU size to a preconfigured value (e.g. 320 bits), but in reality the handling of the out-standing retransmissions (possibly having of different PDU sizes) complicates the transition from flexible to fixed PDU sizes (there is no problem transiting vice versa). Several solutions for handling of the outstanding flexible PDU sizes are available. For example, it is possible to use the lossless RLC PDU size reconfiguration specified in Rel-5 for downlink or to perform SDU discard on the outstanding RLC PDUs. 
In Figure 1 an example of the uplink header formats for MAC-e and MAC-es are shown. On the MAC-e header, the logical channel identifier (LCH-ID) identifies the logical channel, and the length indicator (LI) the total size of the RLC PDU. An extension flag F is used to separate further LI fields from the payload. On MAC-es header, a Segmentation Flag (SF) is used to indicate if the MAC-d is not segmented, if a segment starts but does not end in this MAC-es, if segment ends but does not start in this MAC-es or if segment doesn’t start nor end in this MAC-es. It should be noted that the shown header format is an example only and that the exact header format is FFS. 
As there is no version flag to differentiate between old and new header formats, the use of the new header format needs to be signaled with RRC per radio bearer.   

[image: image1]
Figure 1: Proposed MAC-e/es header format. 

4 Conclusion and text proposal
We have highlighted the benefits of the L2 enhancements for the uplink and shown a possible way of introducing flexible RLC PDU sizes and MAC segmentation also for the uplink. 
The introduction of the flexible RLC PDU size in the uplink will allow support for higher data rates, reduce RLC protocol overhead, and reduce required amount of processing in addition to reducing padding.  The introduction of the MAC segmentation will improve the RLC retransmission efficiency.
It is proposed to capture the additional motivation for the layer 2 enhancements in the uplink in enclosed text proposal for the TR 25.999.
---- Beginning of the text proposal ---

9.2.1 Flexible RLC PDU sizes and MAC-hs segmentation  

9.2.1.1 General description

HSPA Evolution is targeting both higher bit rates and spectrum efficiency. However, the current UTRA Layer 2 architecture is not optimized for bit rates higher than 14Mbps (MIMO and potential other technologies like 64QAM provides data rates beyond 14Mbps).   

The problem stems from that AM RLC uses a fixed RLC PDU size. In order to avoid RLC window stalling the RLC PDU size needs to be increased which leads to excessive padding and coverage issues. This rigidity in the Layer 2 protocol means that both link adaptation and cell coverage will be sub-optimal when higher bit rate schemes are being considered. 

The current Layer 2 overhead of fixed RLC SDU segmentation and MAC-hs layer padding also poses a problem for the HSPA Evolved system efficiency.

A solution to reach high data rates and reduce protocol overhead and padding is to apply flexible RLC PDU sizes in downlink. The support of flexible RLC sizes could also be made available for the UL. Similarly to the downlink, this will lead to support for higher data rates, reduced protocol overhead and padding in the uplink. 
Enhancement of the Layer 2 protocol in the context of HSPA evolution will consider the following points:

 - RLC: The RLC AM protocol is evolved into supporting flexible PDU sizes

- MAC: The MAC-hs protocol is evolved into supporting RLC PDU segmentation.  The support for the RLC PDU segmentation in MAC-e and MAC-es protocols is FFS.      

Beyond these basic principles, there are some possibilities of how the Layer 2 could work, and these can be divided into two groups as described in the sub-clauses below.

---- End of the text proposal ---
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