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1
Introduction
This document discusses the MAC header structure and shows an example PDU format for discussion based on the agreement in [1].

2
Discussion

2.1
Services and Functions of MAC Sub-layer

According to [1], the main services and functions of the MAC sub-layer include:

-
Mapping between logical channels and transport channels;

-
Multiplexing/demultiplexing of RLC PDUs belonging to one or different radio bearers into/from transport blocks (TB) delivered to/from the physical layer on transport channels;
-
Traffic volume measurement reporting;

-
Error correction through HARQ;

-
Priority handling between logical channels of one UE;

-
Priority handling between UEs by means of dynamic scheduling;

-
Transport format selection;

-
Mapping of Access Classes to Access Service Classes (FFS for RACH);

-
Padding.
These can be roughly classified as follows: 

· Multiplexing/demultiplexing and padding are functions that both peer entities need to support dynamically. Thus, they require the support of MAC header;
· Traffic volume measurement reporting requires MAC control message. Thus, it requires the indication of the MAC control message in MAC header. 

Note: Other type of control message such as for DRX operation etc. could be also supported.

· Others are functions mainly related to scheduling, and can be supported by the local MAC entity without the explicit support of the MAC header.

Proposal 1: MAC header supports multiplexing/demultiplexing of logical channels, padding, and indication of data/control.
2.2
Optimization of MAC header structure
As a header of a PDU, MAC header should have a field to indicate the length of its payload, e.g. length of each RLC PDUs in the MAC PDU. However, the length field supporting a large SDU (e.g. RLC PDU concatenating 1500 octets RLC SDUs) is too long for a small SDU, such as a single VoIP packet (e.g. at most 121 bytes even with WB AMR of 23.85kbps). Thus, for the reduction of the header overhead, the optimization of MAC header structure in addition to the optimization of RLC header structure should be considered. 
Proposal 2: MAC header has a field to indicate the length of its payload (e.g. length of each RLC PDU in the MAC PDU). Optimization of the length fields for small packets should be also taken into account in the specification.
2.3
Delivery of RLC Control Messages

Both MAC and RLC sub-layers require peer-to-peer control signals to support their functions. We think that it is better to perform the separation of control plane (RLC control, MAC control in this case) and data plane at MAC sub-layer rather than at MAC sub-layer and RLC sub-layer separately. The reasons are as follows:

· In general, the separation of control plane and data plane at as early stage as possible can reduce the processing delay of the control signals. 
· Both RLC and MAC are located at eNB, and it is possible to perform the separation at the lowest part of MAC sub-layer.

On the other hand, the layer separation between MAC and RLC should be as clear as possible as they would realize different functions and be specified in two different specifications. Thus, we propose to use header fields of MAC control message to indicate the delivery of the RLC control message inside. 
As for the concatenation of control and data in MAC PDU, the control messages should be put in front of data for the following reasons: On the transmitter side, it is logical to fill the transport block by starting the blocks with higher priority, which are control messages. Then, the data blocks should be segmented and concatenated so that they fit into the remaining part. On the receiver side, MAC PDU will be processed from the front and control messages can be processed earlier than data in this ordering.
Proposal 3: Separation of MAC/RLC control messages from data is performed at as early stage of MAC sub-layer as possible.
Proposal 4: RLC control message is encapsulated by using a part of MAC control message header. 
Proposal 5: MAC/RLC control messages should be put in front of MAC data in MAC PDU. 

2.4 MBMS multi-cell mode
In the first guess, MBMS multi-cell mode transmission would use normal MAC header with RLC UM or MBMS-specific header that is very much simplified. Thus, in either case, the development of header structure for uni-cast service can be done independently of the MBMS requirements
Proposal 6: MAC header for uni-cast service should be developed independently of the requirements of MBMS multi-cell mode.
3
MAC PDU Structure

Smart packaging of header fields should be discussed after the necessary fields and their sizes are agreed. Based on the proposals above, EXAMPLE header structures are shown for facilitating the discussion. 
3.1 MAC Data PDU
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Figure 1 MAC data PDU format (header and payload for a single logical channel)
An example MAC data PDU structure is shown in Fig. 1. Each field is explained as follows:

· D/C (Data/Control): This flag indicates whether this PDU is data or control as discussed in Proposal 1. In addition, this is the first field so that the data/control separation can be achieved first as discussed in Proposal 3.

Combining D/C and LCID by defining one of LCID value as a control message indication is also possible.

· F: This flag indicates whether the header optimization is used or not as discussed in Proposal 2. This figure only shows the normal format and detailed optimization should be discussed later.
· LCID (Logical channel identifier): This indicates logical channel identifier, and supports the multiplexing/demultiplexing of logical channels as discussed in Proposal 1. 
According to [2], a minimum of 8 QoS levels needs to be supported for data. Thus, by taking the SRBs into account, 4 bits is at least required. The exact number of bits should be discussed for agreement.
· Length: This field indicates the length of MAC data PDU payload as discussed in Proposal 2. 

For supporting 100Mbps, 100Kbits=12.5Kbytes data needs to be transmitted per TTI (1ms). 14-bit length field is at least required for supporting it by a single MAC data PDU, and 13-bit length field is required if 2 TBs per TTI for 2x2 MIMO is assumed. Octet-alignment of the header and future proof need to be also taken into account, and 16 bits is chosen here as an example.
Note: Multiple MAC data PDUs per radio bearer per TTI per PHY stream should not be assumed for simplicity. If that is assumed, RLC SN is incremented by more than one per TTI, and the size of RLC SN needs to be larger.
Discussion 1: The number of bits for LCID should be agreed. As a reference, 4 bits are minimal according to the LS from SA1 [2], and there is a possibility that the control indication of D/C field can be defined as one of LCID value. 
Discussion 2: The size of the length field in MAC data PDU (data block per radio bearer) should be agreed. As a reference, 14 bits are required for supporting 100Mbps by using a single MAC data PDU per TTI.
Note: Example of header optimization is omitted in this document although we propose to take an optimization into account as indicated by F flag.
3.2
MAC Control PDU
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Figure 2 MAC control PDU format

An example MAC control PDU structures are shown in Fig. 2 where D/C flag indicates that they are control PDU. Each field is explained as follows:

· R/M (RLC/MAC): This flag indicates whether the control PDU is for MAC control message or RLC control message.

Both RLC and MAC control messages are indicated by the MAC header to separate them from data early as discussed in Proposal 3. In addition, RLC control message is indicated by R/M field in the same manner as MAC control message as discussed in Proposal 4. Since each RLC entity belongs to a certain radio bearer (logical channel), LCID is used in case of RLC control message.
· Length: This indicates the length of control message.
· C-PDU ID: This indicates control message identifier of MAC control message. For RLC control message, the similar ID field should be included in the RLC C-PDU header, which is payload in this figure.
2 bits may be too short for the identifier of MAC control message. It is FFS.

3.3
Padding; End of Data Indicator
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Figure 3 End of data indicator for padding
Padding is done only when the amount of allocated radio resource is more than that of available control and data in the buffers. In principle, it should be avoided as much as possible by adjusting segmentation/concatenation and the amount of allocation. However, when it is necessary, end of data indicator is used. It is a special MAC control PDU to indicate that no more data/control PDU follows and only padding follows. 

3.4
MAC PDU format
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Figure 4 MAC PDU format

Because the lengths of control PDUs and data PDUs are indicated separately in each PDU, PDUs can be concatenated without additional header fields. Then, the multiplexing of different logical channels is performed as a concatenation as shown in Fig.4. It is also possible to put all header fields together in front of all data. The order of MAC C-PDUs and MAC D-PDUs is arranged according to Proposal 5. 
4
Conclusions

We propose to make agreements by two steps. In the first step, let’s agree on what fields are necessary and how the MAC header should be designed. As discussed in Section 2, we have 6 proposals as follows:
Proposal 1: MAC header supports multiplexing/demultiplexing of logical channels, padding, and indication of data/control.
Proposal 2: MAC header has a field to indicate the length of its payload (e.g. length of each RLC PDU in the MAC PDU). Optimization of the length fields for small packets should be also taken into account in the specification.

Proposal 3: Separation of MAC/RLC control messages from data is performed at as early stage of MAC sub-layer as possible.

Proposal 4: RLC control message is encapsulated by using a part of MAC control message header. 

Proposal 5: MAC/RLC control messages should be put in front of MAC data in MAC PDU.
Proposal 6: MAC header for uni-cast service should be developed independently of the requirements of MBMS multi-cell mode.

Then, in the second step, we propose to discuss the followings first by showing example figures:
Discussion 1: The number of bits for LCID should be agreed. As a reference, 4 bits are minimal according to the LS from SA1 [2], and there is a possibility that the control indication of D/C field can be defined as one of LCID value. 

Discussion 2: The size of the length field in MAC data PDU (data block per radio bearer) should be agreed. As a reference, 14 bits are required for supporting 100Mbps by using a single MAC data PDU per TTI.
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