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Introduction
RAN2#98 made following agreements related to MAC PDU format:  
Agreements 
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

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 
[bookmark: _Hlk483310016]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 

[bookmark: _Hlk483309226]RAN2-97bis agreed following:  
Agreements:
-	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


This contribution discusses about the open issues in UL MAC PDU format. From the UL receiver perspective, it is important to be able to parse UL MAC CEs quickly and efficiently. This contribution compares different options of UL MAC PDU design to accelerate UL receiver processing while minimizing UL transmitter complexity. 
[bookmark: _Ref178064866]Discussion
Padding sub-header L-field
The purpose of the padding sub-header is to provide information about padding in TB to a receiver. Padding sub-header allows receiver to identify that padding will follow. Minimum information required in padding sub-header is LCID field, which identifies the sub-header type. In LTE, the LCID value ‘11111’ is used to indicate padding sub-header. 
Padding sub-header can be static or dynamic, depending on if the length of the padding is included in the sub-header.  Above all, having static padding sub-header allows transmitter to pre-process the padding and padding sub-header. For instance, padding sub-header and padding can be placed to the known memory location from where static padding sub-header with correctly sized padding block is read based on the amount of padding required. Conversely, having dynamic sub-header with length field requires that the padding sub-header is updated separately after the amount of padding is known. 
[bookmark: _Toc484158130][bookmark: _Toc484158664][bookmark: _Toc484182944][bookmark: _Toc485149494][bookmark: _Toc485376859][bookmark: _Toc485386651][bookmark: _Toc485386671][bookmark: _Toc485386674][bookmark: _Toc485386693][bookmark: _Toc485391878][bookmark: _Toc485397195][bookmark: _Toc485419772][bookmark: _Toc485416539][bookmark: _Toc485420150][bookmark: _Toc485421754]Static padding sub-header is pre-processing friendly.
Figure 1 presents three options for padding sub-header where size varies from 1-byte to 3 bytes according to L-field range. Having 1-byte padding sub-header has advantage of being static and therefore pre-processing friendly. Options 2 and option 3 have sub-header L-field. L-field size needs to be large enough for it to cover the largest TB size supported.  



Figure 1	Examples of padding sub-header options without and with L-field
UL MAC CE Length Indicator
The decision to place UL MAC CEs to the end of the PDU was made to provide UE more time to process UL MAC CEs upon receiving the grant information. Placing UL MAC CEs with corresponding sub-headers to the end of the PDU introduces problem for UL receiver. The UL receiver should be able to extract the UL MAC CE information quickly to be able to feed the information to the gNB scheduler. One MAC PDU with large transport block size may contain many consecutive SDUs, which require processing before UL CE information is reached. To overcome this issue, we propose that Length Indicator is placed to the end of the PDU. 
Figure 2 shows Length Indicator, which is a two-byte field in the end of UL MAC PDU. It may indicate the length of the MAC CE fields with the CEs, padding, and sub-header information with or without the length indicator length [1]. Alternately, it may indicate the starting byte of the first UL MAC CE sub-header by containing offset information from the beginning of PDU in the length indicator, Figure 3. 
The size of the end Length Indicator is two bytes as it is expected to be able to indicate values over 8-bit range and byte-alignment is mandatory in MAC PDU format.


Figure 2: MAC PDU format with Padding and MAC CE Length Indicator after MAC CEs.


Figure 3: 2-byte Length Indicator indicating the Length from first MAC CE sub-header byte to the end of PDU and static sized padding sub-header in UL MAC PDU 
[bookmark: _Toc484158132][bookmark: _Toc484158660][bookmark: _Toc484159036][bookmark: _Toc484182953][bookmark: _Toc485149497][bookmark: _Toc485376853][bookmark: _Toc485386645][bookmark: _Toc485386696][bookmark: _Toc485391872][bookmark: _Toc485397198][bookmark: _Toc485397216][bookmark: _Toc485412247][bookmark: _Toc485419776][bookmark: _Toc485416531][bookmark: _Toc485417191][bookmark: _Toc485421589][bookmark: _Toc485421757][bookmark: _Toc485421765][bookmark: _Toc485420141][bookmark: _Toc485420164]A Length indicator is placed at the end of UL MAC PDU.
[bookmark: _Toc484158133][bookmark: _Toc484158661][bookmark: _Toc484159037][bookmark: _Toc484182954][bookmark: _Toc485149498][bookmark: _Toc485376854][bookmark: _Toc485386646][bookmark: _Toc485386697][bookmark: _Toc485391873][bookmark: _Toc485397199][bookmark: _Toc485397217][bookmark: _Toc485412248][bookmark: _Toc485419777][bookmark: _Toc485416532][bookmark: _Toc485420142][bookmark: _Toc485420165][bookmark: _Toc485417192][bookmark: _Toc485421590][bookmark: _Toc485421758][bookmark: _Toc485421766]The End Length Indicator size is 2 bytes.
[bookmark: _Toc485412249][bookmark: _Toc485419778][bookmark: _Toc485416533][bookmark: _Toc485420143][bookmark: _Toc485420166][bookmark: _Toc485417193][bookmark: _Toc485421591][bookmark: _Toc485421759][bookmark: _Toc485421767]The MAC CE Length Indicator indicates the total length of all MAC CEs, padding, and corresponding MAC subheaders included in the MAC PDU
[bookmark: _Toc485397200][bookmark: _Toc485397218][bookmark: _Toc485412250][bookmark: _Toc485419779][bookmark: _Toc485416534][bookmark: _Toc485420144][bookmark: _Toc485420167][bookmark: _Toc485417194][bookmark: _Toc485376855][bookmark: _Toc485386647][bookmark: _Toc485386698][bookmark: _Toc485391874][bookmark: _Toc485421592][bookmark: _Toc485421760][bookmark: _Toc485421768]Alternatively, the Length Indicator indicates the Length from the beginning of the PDU to the first MAC CE sub-header. 
The length indicator may be present in every PDU. However, for small TB sizes, it can be observed that the relative over the air overhead of two bytes is significant. To overcome this issue, we propose that the length indicator is used only with TB sizes larger than pre-defined value of X, which is a transport block size value in bytes.  
[bookmark: _Toc485420145][bookmark: _Toc485420168][bookmark: _Toc484158134][bookmark: _Toc484158662][bookmark: _Toc484159038][bookmark: _Toc484182955][bookmark: _Toc485149499][bookmark: _Toc485376856][bookmark: _Toc485386648][bookmark: _Toc485386699][bookmark: _Toc485391875][bookmark: _Toc485397202][bookmark: _Toc485397220][bookmark: _Toc485412251][bookmark: _Toc485419780][bookmark: _Toc485416535][bookmark: _Toc485417195][bookmark: _Toc485421593][bookmark: _Toc485421761][bookmark: _Toc485421769][bookmark: _Toc485420146][bookmark: _Toc485420169]The length indicator is only included in UL MAC PDUs larger than a specified value of X, which is the size of the UL MAC PDU in bytes. The value of X is FFS. 
[bookmark: _Toc485397203]When there are no MAC CEs in TB and the TB size threshold exceeds the length, indicator may be used to indicate other information in MAC CEs or it may be indicated simply just using specified value of length indicator, such as 0xFFFF. 
[bookmark: _Toc485397204][bookmark: _Toc485397221][bookmark: _Toc485412252][bookmark: _Toc485419781][bookmark: _Toc485416536][bookmark: _Toc485420147][bookmark: _Toc485420170][bookmark: _Toc485417196][bookmark: _Toc485421594][bookmark: _Toc485421762][bookmark: _Toc485421770]If there is no MAC CE included in the MAC PDU, the Length Indicator is set to invalid value, such as 0xFFFF.  
Placing the length indicator at the end of the PDU has impact on padding sub-header design. With the length indicator, the transmitter can pre-generate the entire padding sub-header as there are no dynamic fields that require update when the total size of padding is known. Furthermore, the UL Transmitter can update the length indicator after it has information about how many UL CEs are included. While the indicator is positioned at the end, the UL transmitter is only required to update end of the PDU after all MAC CEs are in place.  Consequently, this allows transmitter to send UL MAC CEs already to the next processing phase before all MAC CEs are processed. 
The length indicator accelerates receiver processing for large TB sizes since UL receiver may read the length indicator and start processing of UL MAC CEs before the SDUs are processed. This allows receiver to extract the UL CE information quickly and provide information to the scheduler. 
Padding position is coupled with the padding length information if no length indicator is used. When padding is positioned between the SDUs and UL CEs, length field is mandatory in order to know from where the UL CE sub-headers start. Having length-field in the padding sub-header is not optimal solution because it requires update of padding-sub-header after the UL MAC CEs are constructed. Consequently, this prevents pre-processing of the padding sub-header. Having Length Indicator removes the need of padding sub-header L-field even when padding is placed between SDUs and UL CEs. Figure 3 presents the non-optimal solution where padding sub-header includes the length information.  
[bookmark: _Toc484182945][bookmark: _Toc485149495][bookmark: _Toc485376860][bookmark: _Toc485386652][bookmark: _Toc485386672][bookmark: _Toc485386675][bookmark: _Toc485386694][bookmark: _Toc485391879][bookmark: _Toc485397196][bookmark: _Toc485419773][bookmark: _Toc485416540][bookmark: _Toc485420151][bookmark: _Toc485421755]L-field in padding sub-header requires UL transmitter to update L-field after total size of TB and UL MAC CEs is known.
[bookmark: _Toc484159039][bookmark: _Toc484182956][bookmark: _Toc485149500][bookmark: _Toc485376857][bookmark: _Toc485386649][bookmark: _Toc485386700][bookmark: _Toc485391876][bookmark: _Toc485397205][bookmark: _Toc485397222][bookmark: _Toc485412253][bookmark: _Toc485419782][bookmark: _Toc485416537][bookmark: _Toc485420148][bookmark: _Toc485420171][bookmark: _Toc485417197][bookmark: _Toc485421595][bookmark: _Toc485421763][bookmark: _Toc485421771]Padding sub-header and padding are placed after UL MAC CEs and before the Length Indicator.


Figure 3: Padding sub-header has length field i.e. padding sub-header is dynamic and cannot be pre-processed. This is non-optimal solution. 
Padding sub-header overhead comparison
Having length indicator at the end of PDU will reduce the overhead with small TB size when compared to the solution where padding sub-header has L-field. When padding is placed at the middle of the PDU and length indicator is not used (Figure 3), the padding L-field becomes mandatory. This is due to the fact that when padding is in the middle, receiver needs to know where the next MAC CE sub-header starts. This is not possible without having L-field in the padding. Of course, receiver could process each byte of the padding until it reads LCID that it knows but that would not bring additional benefit for the receiver and could in worst case cause ambiguous behaviour when padding bits are flipped in transmitter implementation. 
The overhead caused by the padding sub-header with L-field can be up to 2 bytes. One option could be to have padding L-field based on the TB size, but that would couple padding sub-header creation and TB size. Additionally, this would make padding handling for DL and UL different, without additional gain of overhead or in receiver processing.  
When comparing solution with padding placed at the end with Length Indicator to the solution with padding in the middle with padding sub-header L-field, the end Length Indicator provides additional processing benefit for UL receiver to be able to quickly parse the UL MAC CEs without compromising the overhead with small TB sizes. 
Table 1 provides comparison of total PDU overhead when static padding sub-header is used with Length Indicator (option 1) and when padding sub-header L-field is used (option 2 & option 3). 10-bit padding sub-header L-field may not be sufficient in the case where large TB size is used. When padding sub-header L-field is greater than 10-bit, this results that because of byte-alignment, 3-bytes is always required for padding sub-header (1byte R/LCID + 2bytes L-field). For small TB sizes, this introduces 2-bytes more overhead than using static padding sub-header with small TB sizes. 
Table 1: Padding overhead comparison with options in Figure 1
	
	Padding Range 
	Padding Sub-header overhead 
	PDU overhead 

	Option 1 (Large TB size)
	0-65535, 16-bits
	8-bits
	24-bits

	Option 1 (Small TB size)  
	N/A
	8-bits
	8-bits 

	Option 2 (Small & Large TB)
	0-1023, 10-bits
	16-bits 
	16-bits

	Option 3 (Small & Large TB)
	0- 262143, 18bits
	24-bits
	24-bits



[bookmark: _Toc484158665][bookmark: _Toc484182946][bookmark: _Toc485149496][bookmark: _Toc485376861][bookmark: _Toc485386653][bookmark: _Toc485386673][bookmark: _Toc485386676][bookmark: _Toc485386695][bookmark: _Toc485391880][bookmark: _Toc485397197][bookmark: _Toc485419774][bookmark: _Toc485416541][bookmark: _Toc485420152][bookmark: _Toc485421756]For Small TB sizes, overhead of padding L-field is significant.
[bookmark: _Toc483835439][bookmark: _Toc484158135][bookmark: _Toc484158663][bookmark: _Toc484159040][bookmark: _Toc485391877][bookmark: _Toc485397206][bookmark: _Toc485397223][bookmark: _Toc485412254][bookmark: _Toc485419783][bookmark: _Toc485416538][bookmark: _Toc485420149][bookmark: _Toc485420172][bookmark: _Toc485417198][bookmark: _Toc484182957][bookmark: _Toc485149501][bookmark: _Toc485376858][bookmark: _Toc485386650][bookmark: _Toc485386701][bookmark: _Toc485421596][bookmark: _Toc485421764][bookmark: _Toc485421772]Padding sub-header does not include length field. 
[bookmark: _Ref189046994]Text Proposal
A corresponding text proposal can be found in [2].
Conclusion
In section 2 we made the following observations:
Observation 1	Static padding sub-header is pre-processing friendly.
Observation 2	L-field in padding sub-header requires UL transmitter to update L-field after total size of TB and UL MAC CEs is known.
Observation 3	For Small TB sizes, overhead of padding L-field is significant.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	A Length indicator is placed at the end of UL MAC PDU.
Proposal 2	The End Length Indicator size is 2 bytes.
Proposal 3	The MAC CE Length Indicator indicates the total length of all MAC CEs, padding, and corresponding MAC subheaders included in the MAC PDU
Proposal 4	Alternatively, the Length Indicator indicates the Length from the beginning of the PDU to the first MAC CE sub-header.
Proposal 5	The length indicator is only included in UL MAC PDUs larger than a specified value of X, which is the size of the UL MAC PDU in bytes. The value of X is FFS.
Proposal 6	If there is no MAC CE included in the MAC PDU, the Length Indicator is set to invalid value, such as 0xFFFF.
Proposal 7	Padding sub-header and padding are placed after UL MAC CEs and before the Length Indicator.
Proposal 8	Padding sub-header does not include length field.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]R2-1707224, MAC PDU format, LG Electronics Inc., (Lenovo, Ericsson, Panasonic, ...), RAN2#98-AH, Qingdao, China, 27th – 29th June 2017 
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