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1   Introduction

In RAN2 98 meeting, some agreements of MAC PDU format have been achieved with the following FFS left for UL MAC PDU design: [1]
Agreements 

FFS for UL MAC CE if we have a pointer and if it is before or after padding

The L field is present for every MAC SDU. FFS if no L field is present for padding
This paper is to further discuss the location of UL MAC control element and padding, and provide potential solutions to address above FFS. 
2   Discussion
In previous meetings, the following agreements were reached concerning MAC PDU format in NR, and they place some key impacts potentially on further discussion of UL MAC PDU design:
Agreements on MAC PDU format (RAN2 97bis):

-
MAC SDUs, MAC subheaders, and MAC PDU are byte aligned (i.e., multiple of 8 bits).
-
MAC subheaders 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

Agreements (RAN2 98)
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 

To be in line with the above agreements, there can be mainly the following three candidate solutions, as proposed in earlier meetings: [2][3][4]
· Option1: padding is placed at the end of a MAC PDU. 
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Figure 1 Opton1
For Option1, padding at tail is always performed after the MAC SDU and MAC CE, which is beneficial with respect to pre-processing of MAC layer. Another benefit of Option1 is that L field for padding is not necessary since the receiver can assume the rest of PDU is padding. It was also mentioned that the last L field omission in MAC SDU does not need to be considered.
· Option2: padding is placed before MAC CEs and after MAC SDUs with a pointer for MAC CE 
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Figure 2 Option2
The argument for Option2 is that it allows receiver to extract the MAC CEs after the whole PDU is received but before all MAC SDUs have been parsed. In addition, in order not to have the L filed for padding which impacts the processing of MAC layer, Option2 is designed with a pointer or an indicator in the end of the MAC PDU to indicated the starting position of UL MAC CE.
· Option3: padding is placed between MAC CEs and MAC SDUs with bi-direction decoding.
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Figure 3 Option3
For Option 3, it has the benefits to support pre-processing in transmitter and allowing earlier MAC CE parsing with bi-direction parsing. At least one padding subheader will be required in the middle to separate the MAC CE and MAC SDU. If more padding is required, two subheaders corresponding to padding are placed before and after this padding respectively to separate the MAC CE and MAC SDU. Since parsing the MAC PDU from the back is not precluded, compared with Option2, Option3 has the advantage without an extra indicator or pointer at the tail of MAC PDU. 
As per the analyses above, the pros and cons for the three possible options are summarized in terms of pre-processing, bi-directional parsing and the need for enhancement in the following table:
Table I Comaprison of three options

	Options
	Transmitter:

Supporting pre-precessing or not
	Receiver:

Allowing earlier MAC CE parsing before all MAC SDUs parsed
	L field is present or not for padding
	Enchancement needed or not

	Option1
	Y (
	N (
	N (
	N (

	Option2
	Y (
	Y (
	N (
	Y (
(A pointer needed to indicate the position of the first MAC CE)

	Option3
	Y (
	Y (
	N (
	Y (
(Bi-direction decoding required)


By observing the result in Table I, we can conclude all the options can support pre-processing in the transmitter and there is no necessarity to have L field for padding. 

Proposal 1: As in LTE, L field is not necessary for padding in the padding subheader.

From Tabel I, we can observe that Option1 is clearly inferior to Option 2 and 3 in not allowing ealier parsing of the MAC CE and hence seems not suitable for NR. Option 2 needs to introduce a new kind of payload, i.e., a pointer, on the basis of existing MAC SDU, MAC CE and padding, which is a big standard change. Also, the pointer in Option 2 may not be short in order to indiate any possible starting point of the MAC CE, thus bringing potentially large overhead. 

Compared with the above two Options, Option3 can allow earlier MAC CE parsing without bringing much extra overhead; also, it does not need to modify the types of payloads as Option 2 in NR, thus with milder standard impact.  .

Therefore, based on the above observations, we prefer Option 3 as the format for UL MAC PDU in NR and give the following proposal:  
Proposal 2: In NR, padding with its corresponding subheader should be placed between MAC CEs and MAC SDUs in UL MAC PDU for bi-direction decoding.

3   Proposal

In this document, we made comparisons between 3 possible schemes for the MAC PDU format in NR. The following proposals are made: 

Proposal 1: As in LTE, L field is not necessary for padding in the padding subheader. 
Proposal 2: In NR, padding with its corresponding subheader should be placed between MAC CEs and MAC SDUs in UL MAC PDU for bi-direction decoding.
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