[bookmark: _Ref452454252]3GPP TSG-RAN WG2 #99	R2-1708763
Berlin, Germany, 21 - 25 August 2017


Agenda item:	10.3.1.3
Source:	Nokia, Nokia Shanghai Bell
Title:	MAC sub-header formats
WID/SID:	NR_newRAT-Core - Release 15
Document for:	Discussion and Decision
1	Introduction
Further details on MAC PDU structure were agreed at RAN2-NR#2 meeting:
Agreements 
1.	UL MAC CEs are multiplexed after all MAC SDUs and before the padding in the MAC PDU and no Length indicator is place at the end of PDU
2.	The LCID values are shared between MAC SDUs and MAC CEs as in LTE.  The LCID reserved values are in the middle like LTE. 
3.	The LCID values are used to distinguish types of MAC CEs like in LTE
4.	As in LTE, L field is not necessary for padding in the padding subheader
5.	The details of the header fields lengths are FFS 
6.	F field contains one bit 
7.	As a baseline, the MAC header is not further optimized

What remains to be decided is whether 7 & 15 or 8 & 16 bits L field sizes are to be supported and if any enhancements are still applicable.
It should be noted that RAN2 made also the following agreement:
=>	Super jumbo frames are not supported 

2	Discussion
2.1	Supported L field sizes
As discussed above, the supported L field sizes were to be selected from 7 & 15 or 8 & 16 bits options. Given that the super jumbo frames will not be supported in NR, 15 bits L field size should be sufficient to cover all the cases of bigger packets, also noting the NR RLC does not support concatenation which makes the L field size dependent only on the PDCP/RLC PDU size. 7 bits L field gives support to maximum of 128 bytes packet which seems sufficient for absolute most of the small packet sizes – also in the IPv6 network. Hence, we think those should be the selected values.
Proposal 1: The supported L field sizes are 7 and 15 bits.
2.2	Possibility to omit LCID field
For each MAC SDU multiplexed into MAC PDU, a Length field is required to be present to indicate the length of the corresponding SDU. To be able to enable the early feeding to L1 processing as discussed during the study item, this Length field should be placed immediately before the corresponding MAC SDU (ie., not to exploit a concatenation header for multiple MAC SDUs) so that it can be adapted on the fly for the last MAC SDU if it got segmented at the RLC. 
However, the LCID for all the MAC SDUs from a single logical channel will be the same in the MAC PDU and that will not be adapted. Hence, the optimization to apply a single LCID field for multiple MAC SDUs from a single logical channel should be considered as it will not come with a price of more inefficient Tx processing. For instance, an Extension bit preceding any Length field could indicate if SDU belonging to this LCID group follows or not. One LCID group could consist of MAC SDUs requiring the same Length field size (i.e. 7 bits or 15 bits), ie., as long as the next MAC SDU to be multiplexed belongs to the same logical channel and its L field size is the same as for previous MAC SDU, the LCID can be omitted (as well as F field which therefore should be in the same byte as the LCID).
Proposal 2: Consider the optimization where single LCID is indicated for a group of MAC SDUs belonging to a single logical channel based on the required Length field size of the MAC SDUs.
3	MAC sub-header formats
Based on the discussion above, whether or not the LCID optimization is agreeable the following MAC sub-header formats for MAC SDUs are proposed to be supported as depicted in the below sections 3.1 and 3.2, respectively.
3.1	MAC sub-header formats with LCID optimization


Figure 1: R/F/LCID/E/L MAC subheader


Figure 2: E/L MAC subheader
For the first MAC SDU in the group of SDUs from the same logical channel one of the R/F/LCID/E/L MAC subeaders as shown in Figure 1 is adopted based on the required L field size of the SDU. The F field in the MAC subheader of the first MAC SDU in the group of SDUs determines the L field size also for the other SDUs in the group. After the first MAC SDU, the E/L MAC subheader is placed in front of the following SDUs and based on the E field the Rx MAC determines when the group ends.
Variable sized MAC CEs will utilize the R/F/LCID/E/L MAC subheaders. For fixed sized MAC CEs and padding, the following MAC subheader depicted in the figure 3 is proposed.


Figure 3: R/F/LCID MAC subheader
3.2	MAC sub-header formats without LCID optimization
In case the byte consisting LCID field is always present, the first byte of the L field will have an additional unused bit which in this case should be used for the F field as it is not required for the fixed sized MAC CEs and padding.


Figure 4: R/R/LCID/F/L MAC subheader


Figure 5: R/R/LCID MAC subheader for the fixed sized MAC CEs and padding
Proposal 3: Based on the discussion whether LCID optimization is endorsed or not, adopt the proposed MAC sub-header formats either in 3.1 or 3.2, respectively.
4	Conclusions
The contribution discussed the L field sizes to be supported in NR MAC and possible sub-header optimization option. Following was proposed:
Proposal 1: The supported L field sizes are 7 and 15 bits.
Proposal 2: Consider the optimization where single LCID is indicated for a group of MAC SDUs belonging to a single logical channel based on the required Length field size of the MAC SDUs.
Proposal 3: Based on the discussion whether LCID optimization is endorsed or not, adopt the proposed MAC sub-header formats either in 3.1 or 3.2, respectively.

Annex 1: TP for 38.321 with LCID optimization
	[bookmark: _Toc489016269]6.1.2	MAC PDU (DL-SCH and UL-SCH except transparent MAC and Random Access Response)
A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:
-	A MAC subheader only (including padding);
- 	A MAC subheader and a MAC SDU;
-	A MAC subheader and a MAC CE;
-	A MAC subheader and padding.
The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either a MAC SDU, a MAC CE, or padding.
A MAC subheader except for fixed sized MAC CE and padding consists of the four header fields [R/F/LCID/E/L] or two header fields E/L if the MAC SDU is following a previous MAC SDU with the same LCID value and the same L field size. A MAC subheader for fixed sized MAC CE and padding consists of the two header fields R/F/LCID[TBD].
Editor's Note: the order of R/F/LCID/L is not determined yet, and can be changed later.
Editor's Note: header format for fixed sized MAC CE and padding also needs to be determined (e.g. R/LCID or R/F/LCID)
Editor's Note: Figures for two types of MAC subheader are still missing as no concrete agreements reached yet. To be added later.


Figure 6.1.2-1: R/F/LCID/E/L MAC subheader


Figure 6.1.2-2: E/L MAC subheader


Figure 6.1.2-3: R/F/LCID MAC subheader
MAC CEs are placed together. DL MAC subPDU(s) with MAC CE(s) is placed before any MAC subPDU with MAC SDU and MAC subPDU with padding as depicted in Figure 6.1.2-34. UL MAC subPDU(s) with MAC CE(s) is placed after all the MAC subPDU(s) with MAC SDU and before the MAC subPDU with padding in the MAC PDU as depicted in Figure 6.1.2-45.
Editor's note: The example of PDU format for both DL and UL can be illustrated later after having concrete agreements on MAC PDU format like below: (still the order of R/F/LCID/L is TBD)

Figure 6.1.2-34: Example of a DL MAC PDU

Figure 6.1.2-45: Example of a UL MAC PDU
A maximum of one MAC PDU can be transmitted per TB per MAC entity.


[bookmark: _Toc489016275]6.2.1	MAC subheader for DL-SCH and UL-SCH
The MAC subheader consists of the following fields:
-	LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE or padding as described in tables 6.2.1-1 and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader except for the MAC SDU from the same Logical Chanel as the previous MAC SDU. The LCID field size is 6 bits;
-	L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs and padding. The size of the L field is indicated by the F field;
-	F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs and for the MAC SDU from the same Logical Chanel as the previous MAC SDU. The size of the F field is 1 bit. The value 0 indicates [TBD1] 7 bits of the Length field. The value 1 indicates [TBD2]15 bits of the Length field;
-	E: The Extension field indicates whether MAC SDU from the same Logical Channel requiring the same L field size without R/F/LCID field follows. The size of the E field is 1 bit. The value 0 indicates R/F/LCID field follows for another LCH. The value 1 indicates E/L fields follows for the same LCH;
Editor's Note: RAN2 only agreed to have two L fields, and sizes for them are still TBD. RAN2 will determine the sizes between 7/15 and 8/16 in RAN2#99.
-	R: Reserved bit, set to "0".
The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Index
	LCID values

	000000
	CCCH

	
	

	111111
	Padding



Table 6.2.1-2 Values of LCID for UL-SCH
	Index
	LCID values

	000000
	CCCH

	
	

	111111
	Padding







Annex 2: TP for 38.321 without LCID optimization
	6.1.2	MAC PDU (DL-SCH and UL-SCH except transparent MAC and Random Access Response)
A MAC PDU consists of one or more MAC subPDUs. Each MAC subPDU consists of one of the following:
[bookmark: _GoBack]-	A MAC subheader only (including padding);
- 	A MAC subheader and a MAC SDU;
-	A MAC subheader and a MAC CE;
-	A MAC subheader and padding.
The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either a MAC SDU, a MAC CE, or padding.
A MAC subheader except for fixed sized MAC CE and padding consists of the four header fields [R/FR/LCID/F/L]. A MAC subheader for fixed sized MAC CE and padding consists of the two header fields [TBD]R/R/LCID.


Figure 6.1.2-1: R/R/LCID/F/L MAC subheader


Figure 6.1.2-2: R/R/LCID MAC subheader for the fixed sized MAC CEs and padding

Editor's Note: the order of R/F/LCID/L is not determined yet, and can be changed later.
Editor's Note: header format for fixed sized MAC CE and padding also needs to be determined (e.g. R/LCID or R/F/LCID)
Editor's Note: Figures for two types of MAC subheader are still missing as no concrete agreements reached yet. To be added later.
MAC CEs are placed together. DL MAC subPDU(s) with MAC CE(s) is placed before any MAC subPDU with MAC SDU and MAC subPDU with padding as depicted in Figure 6.1.2-3. UL MAC subPDU(s) with MAC CE(s) is placed after all the MAC subPDU(s) with MAC SDU and before the MAC subPDU with padding in the MAC PDU as depicted in Figure 6.1.2-4.
Editor's note: The example of PDU format for both DL and UL can be illustrated later after having concrete agreements on MAC PDU format like below: (still the order of R/F/LCID/L is TBD)
[image: ]
Figure 6.1.2-3: Example of a DL MAC PDU
[image: ]
Figure 6.1.2-4: Example of a UL MAC PDU
A maximum of one MAC PDU can be transmitted per TB per MAC entity.
6.2.1	MAC subheader for DL-SCH and UL-SCH
The MAC subheader consists of the following fields:
-	LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC CE or padding as described in tables 6.2.1-1 and 6.2.1-2 for the DL-SCH and UL-SCH respectively. There is one LCID field per MAC subheader. The LCID field size is 6 bits;
-	L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC CE in bytes. There is one L field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs and padding. The size of the L field is indicated by the F field;
-	F: The Format field indicates the size of the Length field. There is one F field per MAC subheader except for subheaders corresponding to fixed-sized MAC CEs. The size of the F field is 1 bit. The value 0 indicates [TBD1]7 bits of the Length field. The value 1 indicates [TBD2]15 bits of the Length field;
Editor's Note: RAN2 only agreed to have two L fields, and sizes for them are still TBD. RAN2 will determine the sizes between 7/15 and 8/16 in RAN2#99.
-	R: Reserved bit, set to "0".
The MAC subheader is octet aligned.
Table 6.2.1-1 Values of LCID for DL-SCH
	Index
	LCID values

	000000
	CCCH

	
	

	111111
	Padding



Table 6.2.1-2 Values of LCID for UL-SCH
	Index
	LCID values

	000000
	CCCH

	
	

	111111
	Padding
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