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1 Introduction

The current MAC specification ‎[1] has a few related open issues regarding the MAC header design. This contribution is addressing some of the open issues and presents our view. Separate proposals are made. 

The addressed issues are:

· Number of MAC Control Elements that can be included in a MAC PDU

· Number of LCIDs used for MAC control elements

· Handling of padding

· Cases where the Length Field can be omitted in the MAC header

· Introduction of a Happy Bit in the MAC header

· Use of MAC header padding for octet alignment

In addition, the contribution provides a proposal for the MAC header structure based on our views on the above issues. Also, a corresponding text proposal is made.

2 Discussion

2.1 Number of MAC Control Elements that can be included in a MAC PDU
We see no need to limit the number of MAC Control Elements that can be included in a single MAC PDU. Also, we cannot identify additional complexity if more than one MAC Control Element is placed in one MAC PDU. Therefore the number of MAC Control Elements should be only limited by the transport block size.

Proposal 1: The number of MAC Control Elements can be more than one and is not limited in the MAC specification.

2.2 Number of LCIDs used for MAC control elements

One of the open issues for the MAC PDU structure is whether the type of a MAC control element is indicated by the value of the LCID field or by a type field that is part of the MAC control element. In the first case several LCID values would be needed to indicate the type while in the second a single LCID value would be needed to signal that a MAC control element is included in the MAC PDU while a special type field indicates the type of the MAC control element. This MAC control type field can be either part of the MAC header, i.e., for example two bits could be inserted after the LCID field if the LCID indicates a MAC control element or the MAC control element type field can be part of the MAC control element itself.

Criterions to decide the number of LCID values used for MAC control elements are amount of overhead, complexity, and signal processing requirements. Complexity-wise and signal-processing-wise we do not see significant differences between the approaches. Thus the main criterion is the overhead.

In our view the LCID field requires a length of 5 bits if the type of the MAC control elements should be encoded in the LCID field. Assuming that up to four LCID values are needed, we think that  reserving these for MAC control elements take too much space to be encoded in 4 bits, i.e., the remaining LCID values might be not sufficient to support the required number of logical channels used for signalling and user data. Therefore, with this approach, we believe that 5 bits are needed for the LCID field. This consideration provides us with the following options:
Option 1: Each MAC control element type is identified by a 5 bit LCID.

Option 2: A MAC control element type is identified by a 4 bit LCID plus a 2 bit type field in the MAC control element that corresponds to the LCID field.

Option 2 has the advantage that the overall overhead used for the LCID is smaller compared to option 1 assuming that the number of transmitted RLC PDUs is significantly larger than the number of MAC control elements. Option 1 has the advantage compared to option 2 that if the size of the MAC control element is known a priori (e.g., because a certain MAC control element has a fixed size), the length field can be omitted for these MAC control elements (see also section 2.4). Taking these two overhead characteristics into account, the overall overhead is slightly in favour of option 1. 

Option 1 has the additional advantage that 5 bits provide enough space for LCIDs to allow for future extensions and special handling of optimizations without any additional overhead. 

Proposal 2: A MAC control element type is identified by a 5 bit LCID.

2.3 Handling of padding

Another open issue is how padding should be indicated in the MAC header. Basically, there exist two options: First, and already mentioned a few times before, padding could be indicated by a special LCID value. Second, the MAC header can be defined in a way that the E bit signals that padding is used to extend the MAC PDU. The latter approach has the disadvantage that the L field can not always be omitted for the last MAC element. Therefore, on average the header overhead is larger.

We propose to use a special LCID (e.g., 11111) for padding. Padding is treated in a similar way as MAC SDUs or MAC control elements. Thus formally, they are described by the 3-tuple LCID, E, L. 

However, since it has been agreed that padding occurs, if at all, always at the end of the MAC PDU, also the padding related MAC header elements occur at the end of the MAC header. According to the discussion and the proposals in section 2.4, the last length field in the MAC header should be omitted. If padding occurs, this is the length field for padding. 

Also no E field is required, since the padding LCID implies that end of the MAC PDU has been reached. Thus only MAC header padding bits may occur after the Padding LCID in the MAC header.

Proposal 3: Padding is indicated by a special LCID value. 
Proposal 4: If the Padding LCID occurs in the MAC header it is per definition always the last LCID and thus it is not followed by an E field. 
2.4 Length Field Size

It has been agreed that the MAC PDU contains a Length Field for each MAC element that is included unless it can be agreed that the Length Field can be omitted in particular cases (see section ‎2.5). However, the size of the length field has not been agreed, yet.

In our view, the baseline size of the length field should be 15 bits. Assuming byte granularity for this size field, MAC SDUs up to 32768 bytes can be signalled with 15 bits. We believe that this SDU size is sufficient taking also into account that this field needs to be designed in future-proof manner.

Therefore, we propose that the baseline length of the L field should be 15 bits. However, we strongly recommend to consider additional optimizations for the length field, as, e.g., described in ‎[5].

Proposal 5: The baseline length of the L field is 15 bits.

2.5 Cases where the length field can be omitted in the MAC header

Length information is needed at the MAC receiver to de-multiplex and to extract the MAC SDU and/or MAC control elements and to remove potentially existing padding bits. In general the sizes of all included MAC elements (which could be MAC SDUs, MAC control elements or padding) must be known. Therefore, the straightforward approach is to include a length field per MAC element (MAC SDU, MAC control element and for padding).

However, it has been observed before ‎[2], that one of these length fields is redundant since the transport block size is already known at the receiver. Consequently one length field can be omitted, since the corresponding payload size can be derived by the difference of the transport block size minus the sum of the other message parts and the MAC header size.

Since additional signalling to indicate which length field is missing needs to be avoided, a simple rule is needed that tells which length field is omitted. The simplest approach seems to be to omit the last length field. 

Proposal 6: The last length field is omitted in the MAC header.

In order to allow this solution to work, the order of the 3-tuple LCID, L, E needs to be set to LCID, E, L. Then, the extension bit set to 0 implies that no more length field follows. It signals that the end of the MAC header is reached and only MAC header padding may follow (see section 2.6) if required for byte-alignment.
Proposal 7: The order of the header fields is LCID, E, L.

Proposal 8: The E bit set to 0 indicates that no other MAC header field follows, except if MAC header padding is required. In this case, a Padding field follows.

Another case where the length information can be obtained without providing a length field is if the length information is implicitly given by the LCID (assuming that the LCID identifies the type of the MAC control element). It is probably over-optimistic to assume that a certain logical channel carries only MAC SDUs with constant sizes. However, it seems feasible to design certain MAC control elements with constant sizes.

So far at least the following MAC control element types have been mentioned, e.g., in ‎[2] (HARQ-ARQ interaction related control elements have mentioned as well, but it has been decided not to support the NACK2 mechanism):

· DRX control

· Timing Alignment information

· Scheduling Information

· CQI report

At least for DRX Control, TA info and CQI information it seems possible to define fixed control message sizes. For Scheduling information this is unlikely, since the number of logical channels might vary. However, the MAC control element design is for further study. We propose to have this issue in mind.

Proposal 9: If it is possible to design MAC control elements that have constant sizes, the length field for these elements is omitted, since the size is implicitly given by the LCID.
2.6 Introduction of a Happy Bit in the MAC header for UL

In a previous contribution ‎[3], we discussed the uplink buffer status reporting in LTE. As a complement to a detailed buffer status report we proposed to include a small static buffer report in all UL MAC PDUs similar to the Happy Bit in EUL ‎[4]. The UE may set this bit if the total amount of buffered data is larger than X times the size of the current MAC PDU (where X may be configurable via RRC – per UE or globally). Otherwise the bit shall not be set. It is for further study if a two- or three-bit flag would provide a noticeable gain.

We believe that the 1 bit buffer report often provides sufficient information and thus the use of more detailed buffer reports can be significantly decreased. Therefore we think that the additional bit in the MAC header is well spent considering the gains. If it turns out that the actual design of the lengths of the MAC header fields easily allows introducing even more bits than 1, even two or three bits shall be used for the Happy Bit purpose. See also the next section in this matter.

Proposal 10: The MAC header has a 1-bit Happy Bit field that indicates whether the total amount of buffered data is larger than X times the size of the current MAC PDU (where X may be configurable via RRC – per UE or globally) or not.

2.7 MAC Header padding

Looking at the discussed sizes for the LCID, E and L fields in the MAC header, it seems wasting bits to try to come to a multiple of 8 bits for this set. Our working assumption is 5+1+15=21 bits. Furthermore, the desire to have options to reduce the amount of header overhead by omitting fields or choosing optimized sizes for the length field, makes it difficult to fully exploit all header bits and still having a byte-aligned MAC header. 

Therefore, we think that MAC header padding up to the next byte is the best solution for differing header field occurrences and changing header field sizes.

Proposal 11: MAC header padding up to the next byte is used to octet-align the MAC header. The padding field size may vary from 1 to 7 bits.
2.8 MAC header design

Taking the above discussions and proposals into account, we propose a MAC header structure in this section. The design is based on the assumptions that the 

· Happy Bit Field Size is 1 bit

· LCID Field Size is 4 bit

· Extension Bit Size is 1 bit

· Length Field Size is 15 bit
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Figure 1: MAC Header Examples with 5 bit LCID, a) 1 SDU or MAC Control Element (MCE): 1 byte MAC header , b) 1 MCE and 1 SDU or 2 SDUs: 4 bytes MAC header; c) 1 MCE and 1 SDU: 2 bytes MAC header, if the MCE size is known
Figure 1 shows a few examples of the MAC header structure. The chosen design has the following properties:

· Single MAC SDUs or MAC control elements have only a 1 byte MAC header.

· Two MAC SDUs or 1 MAC SDU/1 MAC Control Element or 1 MAC SDU and padding have a 4 byte header, unless the MCE size is a priori known. Then the size is 2 bytes.

· Further length field optimizations as discussed in ‎[5] can be applied to reduce the MAC header size of those MAC PDUs that include one or more L fields.

· Header padding is used to ensure octet-alignment of the MAC header. 
3 Conclusions

The following proposals have been made to progress the MAC header specification:

Proposal 1: The number of MAC Control Elements can be more than one and is not limited in the MAC specification.

Proposal 2: A MAC control element type is identified by a 5 bit LCID.

Proposal 3: Padding is indicated by a special LCID value. 
Proposal 4: If the Padding LCID occurs in the MAC header it is not followed by an E field. 
Proposal 5: The baseline length of the L field is 15 bits.

Proposal 6: The last length field should be omitted in the MAC header.

Proposal 7: The order of the header fields is LCID, E, L.

Proposal 8: The E bit set to 0 indicates that no other MAC header field follows, except if MAC header padding is required. In this case, a Padding field follows.

Proposal 9: If it is possible to design MAC control elements that have constant sizes, the length field for these elements is omitted, since the size is implicitly given by the LCID.
Proposal 10: The MAC header has a 1-bit Happy Bit field that indicates whether the total amount of buffered data is larger than X times the size of the current MAC PDU (where X may be configurable via RRC – per UE or globally) or not.

Proposal 11: MAC header padding up to the next byte is used to octet-align the MAC header. The padding field size may vary from 1 to 7 bits.
It is proposed to agree on the proposals made in this contribution.

A corresponding text proposal is provided below. It is also proposed to include the agreeable parts into the MAC specification.

4 Text Proposal

6
Protocol Data units, formats and parameters

Editor’s note: This subclause describes the structure and format of MAC PDUs.

6.1 Protocol Data Units

6.1.1
General

6.1.2
MAC PDU (DL-SCH and UL-SCH)

A MAC PDU consists of a MAC header, zero or more MAC Service Data Units (MAC SDU), zero, one or more MAC Control elements, and optionally padding; see figures 6.1.2.1 and 6.1.2.2. 

Both the MAC header and the MAC SDUs are of variable sizes.

Each 3-tuple of LCID/E/L header fields corresponds to a MAC SDU, a MAC Control element or padding. For the last element (SDU, Control element or padding) of a MAC PDU the L field is omitted. If a MAC Control element has a known size, the length field is also omitted. The E field after an LCID that indicates padding is omitted.

The order the MAC header elements corresponds to the order of  MAC elements (MAC SDUs, MAC Control elements and padding in the MAC PDU).

MAC SDUs and MAC Control elements can occur in any order.

Padding occurs at the end of the MAC PDU.

A maximum of one MAC PDU can be transmitted per TB per UE. [Depending on the physical layer category], one or two TBs can be transmitted per TTI per UE.
In the uplink, the MAC header starts with a one bit Happy Bit field.
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Figure 6.1.2.1: Downlink MAC PDU
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Figure 6.1.2.2: Uplink MAC PDU




Editor’s note: Whether there is a physical layer category for MIMO or not is FFS.

Editor’s note: MAC Control elements may or may not have L fields; i.e., whether a MAC control element is variable or fixed size is FFS.



Editor’s note: It is FFS whether this MAC PDU applies to only to DL/UL SCH or also to other transport channels


6.2 Formats and Parameters

6.2.1 MAC header for DL-SCH and UL-SCH 

The MAC header is of variable size and consists of the following fields:
-
H: Only UL: The Happy Bit Flag is set to 1 if the total amount buffered in the UE exceeds the current transport block size by a factor X. The factor X is configurable. 
-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU. There is one LCID field per MAC SDU included in the MAC PDU. Each MAC control element type is identified by a defined LCID value. Padding is also indicated by a special LCID value. The LCID field size is 5 bits.

-
E: The Extension field is a flag indicating if more fields are present in the MAC header or not. If the E field is set to "1" the E field is followed by another MAC header field other than header padding. If the E field is set to "0" the E field is followed by the MAC payload, unless header padding is required for header octet-alignment.
-
L: The Length field indicates the length of the corresponding MAC SDU in bytes. There is one L field per MAC SDU included in the MAC PDU. The L field size is 15 bits.

-
Header Padding: If required, padding bits are inserted in the MAC header to fill the header up to the next octet. The size of the header padding field may vary between 1 and 7 bits.
The MAC header is octet aligned.




Editor’s note: It is FFS whether this MAC header applies to only to DL/UL SCH or also to other transport channels
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