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1. Introduction

The following principles have been agreed for the Rel-7 MAC and RLC design [1]:

· The RLC-AM (Radio Link Control Acknowledged mode) will be enhanced to support flexible PDU size

· The MAC will be enhanced to support RLC PDU segmentation

· The Release-6  MAC SID and N fields need to be updated in order to be able to indicate the size of the RLC PDU

This contribution considers the design of the new Rel-7 MAC Header.

2. MAC Header

A new MAC header will be defined to support the flexible RLC PDU size required for efficient support of higher data rates in Rel-7. This MAC header will be different to the header used for Rel-6, as the SID and N fields are no longer required. The MAC Header can be constructed from: the Version Flag (VF), the Queue ID (or logical channel id [LCid]), the TSN (for HARQ re-ordering), the LI (Length Indicator for the RLC PDU) and S (Segmentation indication). 

2.1 Version Flag

Currently one bit in the MAC header is reserved for an as yet undefined new MAC header format.  If this bit is used for the new format for Rel-7, then no future MAC header formats will be possible. However, if an additional expansion bit is defined then future MAC header formats can still be added. This further expansion bit could be further extended and then be used in Rel-7, if multiple MAC headers are required. 

2.2 Queue ID

If the C/T-field multiplexing is not supported, the queue ID could have a one-to-one mapping with the logical channel ID (LCid). 4/5 bits has been suggested [2] for the length of the LCid.

2.3 TSN

It was agreed that the TSN size does not need to be increased for MIMO. Currently a TSN length of 6 bits is used for HSDPA and E-DCH but it has been suggested [3] that a smaller TSN sequence number space may suffice. If the RLC PDUs that are transported were large then typically the range of sequence numbers could be smaller. 

2.4 LI

As it has been agreed to have a flexible RLC PDU size then a length Indicator (LI) field is required. If byte level granularity is needed for the length indicator then the length of this field would be 11 bits if a 1500 byte IP packets is to be transmitted without RLC level segmentation. It may be possible to further reduce the size of the LI field in the header if segmentation segments are indicated in a similar way as defined for the RLC, or by using a coarser granularity.

2.5 Segmentation

One problem with the flexible RLC PDU size concept is the handling of very large MAC SDUs (IP packets) at the cell edge, potentially leading to coverage problems or low retransmission efficiency in the presence of HARQ residual losses (The dropping of MAC Packets when HARQ errors occur). 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 RLC 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, which may be equal to or lower then the SDU size.

If we have a segmentation mechanism in the MAC layer, the MAC in the Node B would require extra functionality in handling the segmentation of RLC PDUs, according to the radio conditions. This solution would also affect the MAC PDUs, as they would need to be modified such that the receiver (MAC on UE side) can concatenate the transport blocks into RLC PDUs.

Segmentation may not always be required, for example when smaller RLC PDUs are being transmitted.

3. Header Proposal

Figure 1 below, shows one proposal for the MAC header taken from R2-063299 [2]. The Release-6 field N is replaced by the Length Indicator (LI), which could work on byte aligned basis allowing byte accuracy in MAC segmentation. The length indicator may indicate the length of the whole RLC PDU (if segmentation is predetermined to take place into equally-sized segments) or the length of the segment of the RLC PDU contained within the current MAC PDU. Additionally a segmentation field (S) is shown, comprised of for example 2 bits, which could indicate up to 4 segments – the “first segment”, “first middle segment”, “second middle segment” and “last segment” of the MAC SDU in similar manner as in RLC from Release-6. Alternatively, only three of the available four values could be used if the segmentation was pre-configured to subdivide the RLC PDU into only three segments. 
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Figure 1 One Proposed MAC header

In order to reduce the overhead associated with the MAC header, particularly for smaller RLC PDUs, it is possible to further define alternative formats for the MAC-header, with the default header being as shown in Figure 1, but reduced overhead alternatives also being possible. One example of a reduced overhead MAC header format is the use of a smaller field for LI, in the case when only small RLC PDUs are being transmitted. Another example could be the case where the S segmentation is not required when smaller RLC PDUs are being transmitted.

One or more of the following factors may determine the choice of format for the MAC header:

· The size of the maximum RLC PDU to be transmitted 

· The logical channel to be transmitted, which could be configured by RRC at when the logical channel is defined at radio bearer setup.

· The available transport block size, which, if small may require that more segmentation takes place to allow RLC PDUs to be efficiently transmitted

4. MAC support for segmenting/concatenating RLC PDUs

For large RLC PDUs that may not fit into a MAC PDU then segmentation is more likely to be required. For smaller RLC PDUs segmentation is generally less likely to be required. However when small RLCs are being assembled into a MAC  PDU, there may be space available for more than one of these RLC PDUs to be transmitted in the same MAC PDU. Then the S field could be re-used as an indication of the number of consecutive RLC PDUs of the same LCid that are concatenated into the MAC PDU. As an example of this case, Figure 2 indicates the two possible cases for the use of the segmentation field. In the first example the RLC PDU is segmented into MAC PDU 1 and MAC PDU2 and the S field acts as a Segment Identifier, while in the second example three smaller RLC PDUs (numbered 1,2,3) are concatenated into a MAC PDU. In the second case the S field is no longer an indication of segmentation but becomes used to indicate the exact number of RLC PDUs contained in the MAC PDU (more like a multiplexing identifier).
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Figure 2 MAC capable of segmenting/concatenating RLC PDUs

5. MAC support of multiplexing of same and different logical channels

It has been agreed [1] to support the multiplexing of multiple logical channels into one MAC PDU. Figure 3 below shows one possible approach for the multiplexing of data from two priority queues into a MAC PDU.
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Figure 3 Logical Channel Multiplexing

In Figure 3, data from two Priority Queues (1 and 2) are multiplexed onto the MAC PDU. Two different sizes of RLC PDUs are present in Priority Queue 1, which are multiplexed into the MAC PDU by repeating the LCid but with a different LI. RLC PDUs from priority queue 2 are identified by further LCid and LI fields in the MAC header. When the multiplexing of Priority Queue information in the header is complete, an indication will be required that the MAC data payload follows and not further header information. The header end bit could be signalled by a special value of logical channel ID (similar to the mechanism used for E-DCH) or by a predefined value of the segmentation field used to indicate the end of the header.  

6. Proposals

We propose that the MAC Header should be defined with: a Version Flag (VF), a Queue ID (or logical channel id [LCid]), a TSN (for HARQ re-ordering), a LI (Length Indicator for the RLC PDU) and an S (Segmentation indication). 

We further recommend in order to reduce the overhead associated with the MAC header, particularly for smaller RLC PDUs, it may be possible to further define alternative formats for the MAC header.

For RLC PDU concatenation we propose that the S field could be re-used as an indication of the number of consecutive RLC PDUs of the same LCid that are concatenated into the MAC PDU.

For logical channel multiplexing we propose that the MAC header should consist of multiple indications of logical channel id and length indication and ended with either a special value of LCid or of the segmentation indication field.
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