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1 Introduction
In RAN2#98 meeting, the MAC PDU format was discussed. The agreements are as follows: 
Agreements

1.
The E field is not present in NR MAC sub-header.

2.
F2 fields are not present in NR MAC sub-header.

3. 
Variable L fields size with two values will be supported.  The F field is included.  Size is FFS 

4.
The size of LCID field is 6 bits

5.
The L field is not present for the fixed-size MAC CE

6.
The L field is present for variable-size MAC CE

7. 
The L field is present for every MAC SDU. FFS if no L field is present for padding 

Till now, we have achieved the following agreements on MAC PDU format:

1. The DL MAC CE is always placed before any MAC SDU and padding FFS for UL MAC CE if we have a pointer and if it is before or after padding
2.
MAC SDUs, MAC sub-headers, and MAC PDU are byte aligned (i.e., multiple of 8 bits).

-
MAC sub-headers are placed immediately in front of the corresponding MAC SDUs, MAC CEs, or padding. The possibility to parse the MAC PDU from the back is not precluded.  

-
MAC CEs are grouped together 

-
UL MAC CE(s) is placed after all the MAC SDUs.  For DL the placement will be deterministic (i.e. it should not be up to the network to decide).  FFS if we have the same behaviour for both or for DL the MAC CE is placed at the front
3.
MAC sub-headers are interleaved with MAC SDUs.
In this contribution, MAC PDU format optimizations are discussed. And we go further to provide more detailed discussion and possible enhancement on the MAC PDU format design.
2 Issues for the current MAC PDU format design
As concatenation is removed from RLC, each IP packet will be associated with at least one MAC sub-header, which leads to an increase in the overhead at the MAC layer. 
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Figure 1: Example of a DL MAC PDU
Take figure 1 as an example, F/L field is obligatory for all variable-sized MAC CE(s) and MAC SDU(s). L field is used to indicate the length of the following MAC SDU or the variable-sized MAC CE. In NR, due to the removal of RLC concatenation, the average number of MAC SDUs in a MAC PDU would be increased, which leads to an increased number of L field. 
Observation 1: With concatenation removal, the overhead introduced by L field is significant.

Due to RLC concatenation removal, the size of MAC SDU (i.e. RLC PDU) is directly related to the size of PDCP PDU. Since the size of different IP packets for certain traffic is most likely same or similar, accordingly the PDCP PDU will also have a similar size. Consequently, it is with high probability that MAC SDUs in NR have same or similar sizes. For example, when the FTP download traffic is in transmission, most of the IP packet size is 1500 byte which is determined by the MTU size. At the same time, the IP packets with similar sizes, such as 1400 bytes and 1450 bytes, could also appear.  Considering the maximum TB size in LTE is 391656 bit [1], there are at most 32 IP packets contained in one MAC PDU. Supposing the bit length of L field is 15 bits, the overhead introduced by L field in this MAC PDU is 240 bits. In this situation, multiple L fields with the same value or similar values are contained in one MAC PDU, which leaves the room to optimize the overhead introduced by L field.  
Observation 2: With concatenation removal, a single MAC PDU may have multiple L fields indicting the same or similar MAC SDU sizes. 
Proposal 1: The overhead introduced by L field can be optimized for the scenario where the same or similar MAC SDU size is multiplexed in a single MAC PDU. 

In order to minimize MAC sub-header overhead especially introduced by the F/L field, the details for F/L field design is necessary to be discussed. 
Potential optimization for L field design
In order to reduce the overhead introduced by L field, we can compact L field in these two cases:

Case 1: Multiple MAC SDU with same size are contained in a single MAC PDU

 In the case that the L fields have the same value within one MAC PDU, it is redundant for MAC to constrain the same L field present for every MAC SDU. In this situation, the compacted L with <N, L> can be introduced to indicate the size of MAC SDU group. This MAC SDU group means amount of MAC SDU with the same size. N means the number of MAC SDUs in this group, and L means the size of an individual MAC SDU. Using compacted L with <N, L>, the overhead introduced by the L field can be reduced from N*bitL bits to bitN +bitL bits, in which bitN   is the bit length for N field and bitL is the bit length for L field in a MAC PDU. Figure 2 gives an example of a DL MAC PDU with <N, L>.

[image: image2.emf]MAC sub-PDU 

including MAC CE 2

MAC sub-PDU 

including MAC SDU

...

MAC sub-PDU 

including MAC SDU

padding 

(opt)

R/F/LCID/L 

subheader

Variable-sized 

MAC CE

R/F/LCID 

subheader

MAC SDU

...

R/F/LCID 

subheader

MAC SDU N/L

MAC SDU group with same SDU length

...

MAC sub-PDU 

including MAC CE 1


Figure 2: Example of a DL MAC PDU with <N, L>
In this case, it is redundant that the same L field present for every MAC SDU. The compacted L field with <N, L> can effectively reduce the overhead introduced by L field.
Case 2: Multiple MAC SDU with similar size are contained in a single MAC PDU
In another case that MAC SDUs have similar but different length, the compact L with <N, L> may not suitable. In this situation, we can use another compact L field with Loffset, which means the MAC SDU size offset between the current MAC SDU and the first MAC SDU whose length is directly indicated by the L field. So the length of MAC SDU can be indirectly indicated by the Loffset. When we use this compacted L with Loffset to indicate the MAC SDU, the overhead introduced by L field may be reduced by using shorter L field size. Figure 3 gives an example of a DL MAC PDU with Loffset.
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Figure 3: Example of a DL MAC PDU with Loffset
In this case, by using Loffset, shorter L field size can be used to indirectly indicate the MAC SDU size for the similar MAC SDU size.   
Proposal 2: Compacted L field with <N, L> or <L, Loffset> can be considered in MAC sub-header to reduce the overhead caused by L field.
F field
In legacy system, 1 bit F field is used to indicate the bit length of L field. While in NR, F field is still needed to indicate the length of variable L field. As mentioned in 2.1, once compacted L is introduced, the meaning of L field may be different. So it is necessary to extended F field to 2 bits to indicate the instruction of L field. For example, if the F field indicates that the L field is the Loffset, we can obtain the length of MAC SDU by adding the difference value to the size of the first MAC SDU. And if F field indicates that the L field is the real length of MAC SDU, the value of L field can be directly used as the length of MAC SDU.
Proposal 3: F field should be extended to 2 bits to indicate the different instructions of L field if Proposal 2 acceptable.
3 Conclusions
In this contribution, we have discussed MAC PDU Format in NR. We have the following observation and proposals:
Observation 1: With concatenation removal, the overhead introduced by L field is significant.
Observation 2: With concatenation removal, a single MAC PDU may have multiple L fields indicting the same or similar MAC SDU sizes. 
Proposal 1: The overhead introduced by L field can be optimized for the scenario where the same or similar MAC SDU size is multiplexed in a single MAC PDU. 

Proposal 2: Compacted L field with <N, L> or <L, Loffset> can be considered in MAC sub-header to reduce the overhead caused by L field.
Proposal 3: F field should be extended to 2 bits to indicate the different instructions of L field if Proposal 2 acceptable.
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