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1. Introduction
In last RAN2 meeting, agreements were reached on MAC PDU format with several FFS issues [1]. In this contribution, further analyses are provided on these left FFS issues.
Agreements in RAN2#98
1.	The DL MAC CE is always placed before any MAC SDU and padding
2.	FFS for UL MAC CE if we have a pointer and if it is before or after padding

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 field 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 

=>	MAC concatenation optimizations are not supported in Rel-15
=>	Out of order processing of MAC CEs is not considered a problem
2. Discussion
FFS for UL MAC CE if we have a pointer and if it is before or after padding
Placing MAC CEs after all MAC SDUs for UL is beneficial for UE processing. But parsing from tail of MAC PDU to speed up MAC CE is unnecessary. Any enhancement foreseen increases the complexity for network side because of additional logic in processing UL MAC PDU, e.g. to determine whether there is MAC CE(s) after MAC SDUs and to locating the MAC CE from a magic location, etc.
One reason to support parsing from tail is to decrease processing delay in network side and facilitate following scheduling according to the content of UL MAC CE. But to our understanding, processing delay for network side should not be a problem because of much more powerful processing capability in network side. The saved processing delay cannot compensate additional processing complexity caused by this kind of optimization.
Proposal 1: No enhancement is supported for parsing MAC PDU from the tail. No pointer is introduced to fasten UL MAC CE processing.

If padding is placed after MAC CE in UL MAC PDU, one byte long MAC Subheader is enough. The presence of padding Subheader means the end of a UL MAC PDU. While placing padding between MAC CE and MAC SDU, the placement of MAC CE needs to be calculated according to requirement of MAC CEs and left MAC PDU spaces. This required additional computation time.
However, the placement of padding in UL MAC PDU has more impact on UE than on network side. It is up to UE vendor to decide which is optimal for UE processing.
Proposal 2: From network side point of view, it is preferred to place padding in the tail of UL MAC PDU.

FFS there is L field for padding
For DL MAC PDU, it is no question that padding is placed after MAC CE and MAC SDUs since MAC CEs are always in the front. Then, there is no need to have L field for padding, i.e. bytes after padding Subheader are padding bytes.
For UL MAC PDU, if padding is placed in the tail, no L field is needed for padding. 
If padding is placed between MAC SDU and MAC CE, L field is needed for receiver to jump to the start of MAC CE or end the processing if no MAC CE presents. Further, there is one exception case if only one or two bytes padding is needed. If only one byte padding is needed, one byte padding Subheader is enough. Thus indicator in padding Subheader should indicate this by either “no L field” or a “single byte padding Subheader” LCID.



Figure 1.Only one byte padding case

If two bytes padding is needed when padding is before MAC CEs, there are 2 options. Option 1 is to place two single byte padding Subheader consecutively. Option 2 is to place two bytes padding Subheader with L value equals 0.



Figure 2.Only two bytes padding case

Proposal 3: For DL MAC PDU, L field is not present for padding Subheader. For UL MAC PDU, it depends on placement of padding. If padding is placed before MAC CEs, exceptional case when only one or two bytes padding is required.

FFS L size
In LTE, the length of a MAC SDU is indicated by L field in corresponding MAC Subheader. There are 3 different L field lengths, i.e. 7bits, 15bits and 16bits. Corresponding maximum MAC SDU length ranges from 128bytes to 64K bytes. With RLC concatenation in LTE, a MAC SDU may include multiple RLC SDU/PDCP PDUs.
While for NR, there is no RLC concatenation. The maximum MAC SDU length is directly related to maximum RLC PDU/PDCP PDU, and eventually be decided by maximum IP packet size.

Table 1.maximum MAC PDU size and L field length
	Types
	Maximum length
	L field length requirement

	Regular IP packet
	1500 Bytes
	11 bits

	Jumbo frame(1)
	9K Bytes
	14 bits

	Jumbo frame(2)
	65K Bytes
	17 bits

	Small IP /MAC CE
	
	<= 8bits


Note: Jumbo frame (9KB) is already agreed to support, while jumbo frame (65KB) is still FFS.

From table 1, jumbo frame of 65K bytes needed 17bits to present its maximum size. But considering MAC PDU header design, it is unnecessary to design L field to fit this potential maximum IP packet. RLC segmentation can be used if an IP packet cannot be included in a MAC SDU completely.
In LTE, one bit is occupied by F field to indicate whether there is additional L byte in Subheader. While for NR, the design can be simplified by removing this field. Thus the L fields are byte aligned to simplify processing for both receiver and sender.
Figure 3 shows the Subheader format with L field of 8bits and 16bits. 


Figure 3.MAC Subheader with L fields
Proposal 4: L field size are 8, 16bits. One bit F field is used to indicate one byte or two bytes long L field is present.

FFS Share or common LCID space
We think a sharing LCID space for LCH and MAC CE is more efficient than separate LCID spaces without limitation to either MAC CE type number or LCH number because of partition of the LCID space. 
Although partition of LCID space for MAC CE and MAC SDU may reduce LCID comparison number by limit the comparison range when parsing MAC PDU, there are other fast LCID matching algorithm which has very limited comparison numbers. And thanks to the fact that MAC CEs in a MAC PUD are placed together, receiver can utilize this to optimize LCID matching further.
Proposal 5: LCID space is shared by MAC CE and LCH.
3. Conclusion
Proposal 1: No enhancement is supported for parsing MAC PDU from the tail. No pointer is introduced to fasten UL MAC CE processing.
Proposal 2: From network side point of view, it is preferred to place padding in the tail of UL MAC PDU.
Proposal 3: For DL MAC PDU, L field is not present for padding Subheader. For UL MAC PDU, it depends on placement of padding. If padding is placed before MAC CEs, exceptional case when only one or two bytes padding is required.
Proposal 4: L field size are 8, 16bits. One bit F field is used to indicate one byte or two bytes long L field is present.
Proposal 5: LCID space is shared by MAC CE and LCH.
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