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1.
Introduction
During the joint session between RAN1 and RAN2 in Montreal it was agreed to only support the transmission of a single E-DCH transport block per TTI. This means that the concept of TFC would no longer be relevant in the context of EUL.

Of course, as in the case of HSDPA, sending one transport block per TTI does not imply that we would transmit a single RLC PDU per TTI, otherwise the performance would be quite bad. It is necessary to introduce some form of logical level multiplexing of RLC PDUs into a single transport block. In HSDPA, this functionality is performed at MAC-hs level. For simplicity, we will call the EUL equivalent MAC-e multiplexing.

In this document we provide a small overview of what is done in the case of HSDPA, and we propose a few changes relative to this baseline, which are meant to reflect more accurately the needs that we see, while trying to limit the overhead.

2.
Background

MAC-hs multiplexing allows the multiplexing of multiple RLC PDUs into a single MAC-hs PDU.
Each logical channel is mapped on a single MAC-d flow. Each MAC-d flow can transmit data to multiple re-ordering queues, though a given re-ordering queue can only receive data from a single MAC-d flow. The association between logical channels mapped on a given MAC-d flow and the queues associated with this MAC-d flow is not strict. The UTRAN does however need to ensure that they are used judiciously to ensure that RLC operation is not disrupted.
There can be up to 16 logical channels mapped onto the same MAC-d flow. There is a maximum of 8 re-ordering queues. Therefore, if a single re-ordering queue is associated with each MAC-d flow there can be up to 8 MAC-d flows.
The data in a single transmission can only be intended for a single re-ordering queue. The actual content of the transmission is identified based on a PDU size field (8 values are allowed per queue) and the number N of PDUs. It is possible to include PDUs of different sizes in the same transmission. Every time the PDU size changes in the sequence, the size and number of block information needs to be repeated, introducing additional overhead.
The MAC-hs overhead includes the following information (see [1]):

· Static part (single occurrence) – total: 10 bits

· QueueID (3 bits)

· Transmission sequence number (6 bits)

· Protocol version number (1 bit)

· Dynamic part (multiple occurrences possible) – total: 11 bits

· PDU size ID (3 bits)

· Number of PDUs (7 bits)

· Header extension bit (1 bit)

The figure below provides a more layered view of the MAC-hs functionality. Note that the position in the frame of some information, e.g. the order of the position of the dynamic part of the MAC-hs header, is not perfectly represented.
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Figure 1: HSDPA multiplexing stack representation

As indicated in the figure above, after the re-ordering is completed, data intended for different logical channels can be distinguished using the C/T field introduced by the MAC-d protocol. This four bit field is added per RLC PDU whenever there is more than one logical channel mapped to the same MAC-d flow. This field represents a 1.25% overhead if we consider 320bit PDUs, independently of the size of the payload used.

The minimum size of the MAC-hs protocol header is 21 bits independently of the payload size. This means that the overhead introduced varies depending on the payload size. For the smallest supported payload size (137 bits), this represents 15% overhead. For payload sizes which are more consistent with the typical RLC PDU size of 320bits, the overhead would be in the order of 6.5%.

3.
Proposal
3.1
Objective
In the case of the HSDPA protocol, multiplexing of data coming from different priority queues is not allowed. The group focused instead on supporting the multiplexing of data coming from different logical channels, as long as they were all mapped onto the same priority queue. The problem with this scheme is that we always incur the additional 1.25% MAC-d overhead, which can be avoided when mapping logical channels onto different re-ordering queues. It is therefore unlikely that this feature will be used unless more than 8 radio bearers need to be supported in parallel.
With EUL, we propose to enable the multiplexing of any kind of data, including data aimed at different re-ordering queues, within the same TTI. Furthermore, we propose to make more extensive efforts to reduce the overhead. This could be achieved through use of variable header size as well as joint encoding of information.
3.2
Logical channel identification

We need to be able to identify the logical channel for which the data is intended. For HSDPA, the logical channel is identified by a combination of the queue ID and the C/T field added by MAC-d in case there are more than one logical channels mapped to the same MAC-d flow. This approach introduces an overhead per PDU instead of a group of PDUs. Since in most circumstances a payload will be made up of multiple PDUs coming from the same logical channel this is not very efficient. 
Furthermore, appending the C/T field and SID at the same level would simplify joint encoding, making it possible to support more scenarios with a smaller number of bits. Below we outline two possible schemes, depending on the level of joint encoding that is desired. Note that although we identify the SID as a separate field, it would make sense to also encode this field jointly with C/T and when applicable the QID.
Separate encoding of QID
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Figure 2: EUL multiplexing stack representation with separate QID
The advantage of this scheme is that it would allow to send data from multiple logical channels mapped onto the same re-ordering queue without need to append multiple TSNs. On the other hand, it requires the signaling of the QID independently of the C/T field, resulting in less efficient coding.

Joint encoding of QID and C/T field
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Figure 3: EUL multiplexing stack representation without QID

The advantage of this scheme is that the QID and C/T fields can be encoded directly, resulting in more flexibility in deciding how to expand the code space (either increase the number of re-ordering queues or the number of logical channels per queue). The disadvantage is that the TSN needs to be added for each new set of PDUs.
3.3
Payload size signaling
As in the case of MAC-hs, the MAC-e header will need to indicate the number of PDUs included in the payload. For HSDPA, the maximum payload size for FDD is around 28000 bits. This corresponds to around 80 PDUs of 336 bits. The 7 bits used for the field N are therefore meant to cover the worse case scenario. 

The peak coded symbol data-rates considered for EUL go up to 4Mbps. For a 10ms TTI, the maximum payload size could therefore be as big as 30000 bits for a code-rate ¾ transmission, which is equivalent to what is used for HSDPA. It can therefore be expected that the field N will take similar values to what is used in that case, i.e. 7 bits.
The problem is that this field is a big contributor to the MAC-e overhead. Furthermore, its range is strictly linked to the payload size reported by the lower layers. Since supporting variable size headers is not a big deal, it would make sense to vary the length of this field depending on the transport block size considered. It would not be necessary to have a large number of cases. What would be useful is to consider one or two different lengths for the really small payloads (<1000 bits). The advantage of relying on the TB size is that it will not be necessary to include any additional overhead as we have done with the extension flag used for HSDPA.

4.
Conclusion
It is proposed for the group to agree on the following items:

· Support the multiplexing of data from different re-ordering queues in the same transmission;

· Add the logical channel identification in the main part of the MAC-e header, rather than included with each MAC-d PDU;

· Jointly encode the C/T and SID fields, to allow a more compact header;

· Decide whether to transmit the QID as a separate field;

· Support variable size MAC-e headers in order to reduce the overhead for small payload sizes;
· Encode the number of PDUs (N) in a variable length field, where the number of bits depends on the TB size reported by the physical layer.
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