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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK5][bookmark: OLE_LINK6]In TR 38.804, the agreements about layer 2 data flow are captured as below. In NR MAC PDU, it had been decided that: 1) MAC CEs are not placed in the middle of the MAC PDU, and 2) MAC sub-headers are interleaved with MAC SDUs. However, the MAC CE location and detail MAC PDU format are FFS. In this contribution we discuss several aspects of MAC PDU format:
1) [bookmark: OLE_LINK3][bookmark: OLE_LINK4]MAC sub-header for MAC SDU;
2) Padding;
3) MAC CEs.
Below is an extract of [1]: 
	[bookmark: _Toc476248996]5.4.6	Overview of Layer 2 data flow
Figure 5.4.6-1 below depicts the overall layer 2 data flow. MAC CEs are not placed in the middle of the MAC PDU. It is FFS whether MAC CEs are placed either at the beginning or at the end of the MAC PDU. The detailed PDU format can be discussed further. It is FFS whether the header of the new AS layer PDU may not be present in some cases.


Figure 5.4.6-1:	Overall Layer 2 data flow


Discussion
MAC sub-header for MAC SDU
It was agreed that “MAC sub-headers are interleaved with MAC SDUs”. Because there is no concatenation in RLC, multiple MAC SDUs, i.e., RLC PDUs belonging to the same logical channel can be delivered to MAC sublayer and multiplexed in one MAC PDU. There are 2 options for the MAC sub-header format in this case as discussed below. Referring to the analysis in [2] , the maximum length of L field in MAC PDU should be the same as the maximum length of the SO field in an RLC PDU: 16 bits.
Option 1: one MAC sub-header including LCID field corresponding to one MAC SDU
A MAC SDU sub-header consists of the fields R/F/E/LCID/(L) similar to LTE. The last MAC SDU at the end of a MAC PDU does not need a corresponding L field, since it can be derived from the length of transport channel block, known by the receiver and the other SDUs, MAC CEs and padding lengths.
· E: The E field indicates if the L field exists.
· F: The F field indicates the size of L is 8 or 16 bits.
The MAC SDU sub-headers are shown in Figure 1 and Figure 2. An example of MAC PDU consisting of consecutive MAC SDUs and their sub-headers belonging to the logical channel terminating the MAC PDU is shown in Figure 3.



[bookmark: _Ref477885671]Figure 1  R/F/E/LCID/F/L MAC sub-header


[bookmark: _Ref477885677]Figure 2  R/F2/E/LCID MAC sub-header


[bookmark: _Ref477898382]Figure 3  An example of MAC PDU consisting of consecutive MAC SDUs and their sub-headers which belong to one logical channel (option 1)

Option 2: one MAC sub-header before each MAC SDU and only the first MAC sub-header includes an LCID field
In option 2, there is a set of MAC sub-headers for the consecutive MAC SDUs belonging to the same LCID: the first sub-header includes LCID field and the others don’t. It is very similar to option 1 except the LCID field is pushed only once per logical channel. This provides the benefit of reducing the overhead as it prevents from duplicating this field on each MAC SDU of the same logical channel. This field is only 5 bits in LTE, however depending on the QoS design, a larger number of DRBs might be provisioned in NR. Therefore this saving can be significant. As shown in the below figures for two examples, the first sub-header including the LCID is a 3-byte sub-header where the first byte provides the LCID and the following 2 bytes, the length field. The following SDU sub-headers of the same logical channel only carry the last 2 bytes. Therefore, SDU MAC sub-headers can be pre-constructed with only 2-bytes length field sub-header and after constructing a MAC PDU, the first byte including the LCID is appended to the next MAC SDU or segment in the transmission queue. Thus both sub-header types can be pre-constructed before the next grant is issued for this logical channel. Therefore, it is not contradictory with the underlying principles used so far to enable accelerating MAC PDU construction and early forwarding to PHY.
In order for the receiver to know when to expect either of the two sub-header types, some fields (see details below) in each sub-header indicate which sub-header type to expect with the next SDU. For example the shorter sub-header carrying only the L field includes a bit to indicates if this SDU is the last SDU of the logical channel. 
Two examples are shown in Figure 4 and Figure 5. The examples show that option 2 can work well for one or multiple MAC SDUs and the size of L field can be 16 bits or less. The details of MAC sub-header format can be discussed further.
For example 1 in Figure 4,
· E: The E field indicates if the L field exists in this sub-header (same as option 1).
· F: The F field indicates if the E0/F0 fields exist. If there is no E0/F0 fields, the size of L field is 16bit and there is no MAC sub-header without LCID follwing the MAC SDU corresponding to this MAC sub-header.
· E0: The E0 field indicates if this SDU is the last SDU of that logical channel, in which case the expected next sub-header is either a 3-byte SDU sub-header, a MAC CE sub-header or a padding sub-header.
· F0: If exists, the F0 field indicated the size of L field is 6 or 14 bits.
For example 2 in Figure 5, there is an additional field “LF”,
· LF: The LF field indicates this is the last logical channel in this MAC PDU. In this case, the E0 field indicates that the next MAC SDU is the last SDU of this logical channel and comes without sub-header, since its length can be derived from the length of the transport channel block, known by the receiver, and the other SDUs, MAC CEs and padding lengths. Note LF field is not redundant with E field since E field is still useful when the MAC sub-header corresponds to one MAC SDU which is at the end of the MAC PDU. In which case, there is only one byte MAC sub-header, signalled by E. 
An example of MAC PDU consisting of a MAC sub-header set in Figure 5 and consecutive MAC SDUs belonging to the last logical channel is shown in Figure 6. LF=1 in the first MAC sub-header, E0=0 in the third MAC sub-header, so there is no MAC sub-header corresponding to the last MAC SDU (MAC SDU4).



[bookmark: _Ref477903439]Figure 4  MAC sub-header set (example 1)


[bookmark: _Ref477903441]Figure 5  MAC sub-header set (example 2)


[bookmark: _Ref477903827]Figure 6  An example of MAC PDU consisting of a MAC sub-header set and consecutive MAC SDUs belonging to the same logical channel (option 2)

One common aspect of both options 1 and 2 is that, similar to LTE, the presence of the F field in every sub-header allows for adusting the L field dynamically for each SDU.
Proposal 1: The size of length field L can be adjusted independently for each MAC sub-header to match the MAC SDU size. 
Comparing above options, option 2 benefits to both transmitting acceleration and reducing the overhead of MAC sub-headers. Then option 2 could be taken as the method for designing the MAC SDU sub-header. The detail fields in MAC SDU sub-header could be discussed further and the fields in Figure 4 and Figure 5 should be considered.
Proposal 2: Only one LCID field is needed in the MAC sub-header(s) for the consecutive MAC SDUs belonging to same logical channel. 
Proposal 3: A set of MAC sub-headers could be used for the consecutive MAC SDUs belonging to same logical channel where only the first MAC sub-header in the set includes the LCID field.
Padding and padding BSR
In LTE, we had discussed how to place padding considering different padding sizes for a long time. In NR, we have the agreement that MAC sub-headers are interleaved with MAC SDUs. The same method could be applied for padding. Padding and its MAC sub-header should be placed at the end of the MAC PDU always if exists. If padding BSR is needed, it should be placed after other MAC CEs and MAC SDUs but before padding (if exists).
The MAC sub-header for padding BSR and padding should be consistent with MAC SDU sub-header without L field.


[bookmark: _Ref477936052]Figure 7  MAC sub-header for padding BSR and padding
Proposal 4: Padding and its MAC sub-header should be placed at the end of the MAC PDU.
Proposal 5: Padding BSR should be placed after other MAC CEs and MAC SDUs but before padding (if exists).
Proposal 6: MAC sub-header for padding and padding BSR should be consistent with MAC SDU subheader without L field.
MAC CEs
2.3.1 DL MAC CEs
In NR SI, the location of MAC CEs had been discussed in some contributions. We think it should be analyzed case by case. We discuss the suitable position of DL MAC CEs in Table 1 based on LTE MAC CEs except MAC RAR which is independent in Msg2.
[bookmark: _Ref477937071]Table 1 Analysis of DL MAC CE position
	DL MAC CE
	Position
	Reason

	DRX Command MAC CE
	Any position
	UE action is not urgent.

	Long DRX Command MAC CE
	Any position
	UE action is not urgent.

	UE Contention Resolution Identity MAC CE
	At the beginning of MAC PDU
	· UE resolves contention quickly.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]UE doesn’t need to deal with following data while contention failure.
· UE could retry RACH procedure immediately especially for URLLC UE.

	TAC MAC CE
	At the beginning of MAC PDU
	UE can adjust the time alignment at the earliest time. It is more important to short TTIs due to faster UL transmission after UL grant.

	Activation/Deactivation MAC CE
	Any position
	UE action is not urgent.



Based on the analysis and referring to LTE design, DL MAC CEs could be placed at the beginning of the MAC PDU. 
Proposal 7: DL MAC CEs should be placed at the beginning of the MAC PDU.
2.3.2 UL MAC CEs
We analyze the suitable position of UL MAC CEs in Table 2 based on LTE MAC CEs. The different opinions focus on BSR MAC CE.
[bookmark: _Ref477940982]Table 2 Analysis of UL MAC CE position
	UL MAC CE
	Position
	Reason

	BSR MAC CE
	Option 1: At the beginning of MAC PDU
	· BSR is calculated based on output of LCP and BSR calculation in current TTI is the BS left after the current grant is applied.
· BSR MAC CE has higher priority than MAC SDUs.
· If BSR MAC CE is at the end, it should be placed before padding anyway. It contradicts the agreement that MAC CEs are not placed in the middle of the MAC PDU
· Common design with DL MAC CE position.

	
	Option 2: At the end of MAC PDU
	· It accelerates UE transmission by allowing pipelined processing of LCP and MAC PDU construction.
· It is not a big burden for the gNB to quickly access the MAC CEs at the tail.

	C-RNTI MAC CE
	At the beginning of MAC PDU
	GNB can identify UE and prepare to response earlier.

	PHR MAC CE
	Any position
	GNB action is not urgent.

	Data Volume and PHR MAC CE
	Any position
	GNB action is not urgent.

	SPS confirmation MAC CE
	Any position
	GNB action is not urgent.



Based on the analysis, there are two different options on BSR MAC CE. Since there is no crucial reason for each option, we slightly prefer to place UL MAC CEs at the beginning of MAC PDU for common UL and DL designs.
Proposal 8: It is slightly preferred that UL MAC CEs should be placed at the beginning of MAC PDU.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]2.3.3 The construction of MAC CEs and their sub-headers
When MAC CEs are placed at the beginning of MAC PDU, there are two options for the construction of MAC CEs and their sub-headers.
Option 1: MAC sub-header before its corresponding MAC CE
Option 1 is the same construction as NR MAC SDUs.



[bookmark: _Ref477950287][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 8 The construction of MAC CEs and their sub-headers (option 1)
Option 2: MAC sub-header are placed together and before MAC CEs
Option 1 is similar to MAC PDU format in LTE.


[bookmark: _Ref477950269]Figure 9 Construction of MAC CEs and their sub-headers (option 2)
Option 2 is different to the construction of MAC SDU and its sub-header. However, if multiple MAC CEs are included in the MAC PDU, UE should get the start point of MAC SDUs and then deliver MAC SDUs to higher layer after parses MAC CE sub-header in T2 in Figure 9, and parses the last MAC CE sub-header in T1 in Figure 8. If we take the UE processing capability as bottleneck, the time difference between T1 and T2 may need to be considered. However, considering the number of MAC CEs in one PDU should not be too many, option 1 is acceptable.
MAC sub-header for fixed sized MAC CE should be same as MAC sub-header for padding and padding BSR. And MAC sub-header for variable sized MAC CE should be same as the MAC SDU sub-header with LCID fields
Proposal 9: MAC CE sub-header is placed before its corresponding MAC CE.
Proposal 10: MAC sub-header for fixed sized MAC CE should be the same as MAC sub-header for padding and padding BSR. And MAC sub-header for variable sized MAC CE should be the same as the MAC SDU sub-header with LCID fields.
MAC PDU format
From above discussion and proposals, if there are MAC CEs, MAC SDUs in two logical channels, padding BSR and padding in one MAC PDU, we get below example of MAC PDU format.


Figure 10 An example of MAC PDU format

Conclusion
In this contribution, we discuss the MAC PDU format in detail and get below proposals.
Proposal 1: The size of length field L can be adjusted independently for each MAC sub-header to match the MAC SDU size. 
Proposal 2: Only one LCID field is needed in the MAC sub-header(s) for the consecutive MAC SDUs belonging to same logical channel. 
Proposal 3: A set of MAC sub-headers could be used for the consecutive MAC SDUs belonging to same logical channel where only the first MAC sub-header in the set includes the LCID field.
Proposal 4: Padding and its MAC sub-header should be placed at the end of the MAC PDU.
Proposal 5: Padding BSR should be placed after other MAC CEs and MAC SDUs but before padding (if exists).
Proposal 6: MAC sub-header for padding and padding BSR should be consistent with MAC SDU subheader without L field.
Proposal 7: DL MAC CEs should be placed at the beginning of the MAC PDU.
Proposal 8: It is slightly preferred that UL MAC CEs should be placed at the beginning of MAC PDU.
Proposal 9: MAC CE sub-header is placed before its corresponding MAC CE.
Proposal 10: MAC sub-header for fixed sized MAC CE should be the same as MAC sub-header for padding and padding BSR. And MAC sub-header for variable sized MAC CE should be the same as the MAC SDU sub-header with LCID fields.
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