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1. [bookmark: _Ref483927698]Introduction
In RAN2#98 meeting, some progress was achieved in the specification of the MAC sub-header fields for NR with the following agreements:
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 
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 
In this contribution, we specifically discuss the placement of the LCID field for MAC SDUs in the MAC PDU, proposing some further overhead reduction with no impact on the pre-processing feasibility, a key criterion in NR MAC PDU design.
2. Discussion
The placement of the LCID for MAC SDUs
In NR, there is no concatenation in RLC. Therefore multiple RLC PDUs (i.e. MAC SDUs) belonging to same logical channel can be delivered to MAC sublayer and multiplexed in one MAC PDU. However, regardless of the final decision on the LCP algorithm for NR, whenever LCP serves an LCH, the resulting RLC PDUs come together and will be located consecutively in the MAC PDU. Note that the 2-step LCP may result in two disjoint groups of consecutive MAC SDUs from the same LCH. Therefore, it looks attractive to not duplicate the very same LCID field on each and every consecutive MAC SDU from the same LCH and rather implement the following sub-header optimization:


Figure 1: LCID field optimization in MAC sub-headers
However, this optimization should only be considered if it brings enough overhead saving and does not penalize the pre-processing principles that led to the current RLC PDU and MAC PDU design for NR.
Overhead savings
In case the LCID is present in all MAC sub-headers, based on the agreements of Section 1, the MAC sub-header design would be according to the formats in Figure 2 where the F field indicates the size of the L field among two values. The resulting subheader size is two or three bytes for the short and long L field size respectively.



[bookmark: _Ref483928336]Figure 2: R/F/LCID/L MAC sub-header
We now assume there are two different types of MAC sub-headers for consecutive MAC SDUs belonging to a same logical channel: the first sub-header includes the LCID field and the other doesn’t. Thus we need an additional indicator that tells which type of MAC sub-header follows the current MAC sub-header: with or without LCID. We use a T field replacing the R field for that purpose. The resulting sub-header formats with LCID are shown in Figure 3. They are very similar to the MAC sub-headers of Figure 2 and take two or three bytes for the short and long L field size respectively. The T field indicates if the next MAC sub-header is of same type (with LCID) or of different type (without LCID).


[bookmark: _Ref483930376]Figure 3: T/F/LCID/L MAC sub-header for the first MAC SDU of an LCH
Figure 4 shows the MAC sub-headers formats when the LCID is absent, i.e. for the MAC SDUs following the first MAC SDU of an LCH. Similar to the above format, the T field indicates if the next sub-header is of same type (with LCID) or of different type (without LCID). As can be seen, supporting two sizes of the L field limited to 6 and 14 bits allows saving one byte of sub-header overhead compared with the formats of Figure 2 and Figure 3. Such saving can bring benefit e.g. when multiple VoIP packets are packed together in the same MAC PDU: assuming a payload compressed to 35 bytes, adding two bytes overhead for PDCP and RLC headers, the smaller MAC sub-header would allow reducing the L2 overhead from 11.4% to 8.6% for each additional packet. Other services using small packets at small data rates include MTC, IM, gaming etc. Moreover, as is often the case for every new RAT generation deployment, it is uneasy to predict which new types of services will leverage a newly available technology. Therefore, it can be wise, if it comes with no implementation cost and specification burden, to take profit of some simple overhead optimization, whenever possible. 
Note in case a 16-bit L field is required for a given MAC SDU, then the above format with LCID in Figure 3 should be used. However we assume this case would be very infrequent and only for the case where super jumbo frames fly over Uu (since 14-bit L field is sufficient for jumbo frames). 


[bookmark: _Ref483930725]Figure 4: T/F/L MAC sub-header for the other MAC SDUs of an LCH
Pre-processing aspects
For each logical channel, all MAC SDU sub-headers are pre-constructed with LCID-less sub-headers, unless the MAC SDU size requires a 16-bit L field, in case the associated MAC sub-header is pre-constructed with an LCID field. Following an UL grant and associated MAC PDU construction, for each involved logical channel, a MAC sub-header including the LCID replaces the pre-constructed sub-header of the head-of-line MAC SDU (can be a segment) in the LCH’s transmission queue. All other sub-headers are left untouched. Hence this is very similar to the insertion of the SO field in case of segmented RLC SDUs, i.e. the first sub-header 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 conclusion, the proposed LCID optimization benefits to both transmitting acceleration and reducing the overhead of the MAC sub-headers. 
Proposal 1: Two MAC sub-header formats can be used for the consecutive MAC SDUs belonging to same logical channel where only the first MAC sub-header includes the LCID field.
3. Conclusion
In this contribution, we analyze the MAC SDU sub-header and construction of MAC SDUs in a MAC PDU.
Proposal 1: Two MAC sub-header formats can be used for the consecutive MAC SDUs belonging to same logical channel where only the first MAC sub-header includes the LCID field.
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[bookmark: _Toc483424987]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 sub-PDUs. Each MAC sub-PDU 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.
Editor's Note: The concept of MAC "sub-PDU" is introduced for better explanation, and it should be confirmed by RAN2. Suggestion/comment would be appreciated.
The MAC SDUs are of variable sizes.
Each MAC subheader corresponds to either a MAC SDU, a MAC CE, or padding.
[bookmark: OLE_LINK5][bookmark: OLE_LINK9]A MAC subheader except for fixed sized MAC CE and padding consists of either the four header fields [RT/F/LCID/L] or the three header fields T/F/L. A MAC subheader for fixed sized MAC CE consists of the two header fields R/LCID. A MAC subheader corresponding to padding consists of the [TBD] header fields [TBD].
There are two different types of MAC sub-headers for consecutive MAC SDUs belonging to a same logical channel: the first sub-header type includes the LCID field and the other does not.
Editor's Note: the order of R/F/LCID/L is not determined yet, and can be changed later.
Editor's Note: whether to use L field for padding is not determined yet. If RAN2 agrees to use L field for padding, the last sentence can be deleted.


Figure 6.1.2-1: R/LCID MAC subheader



Figure 6.1.2-2: T/F/LCID/L MAC subheaders


Figure 6.1.2-3: T/F/L MAC subheaders
Editor's Note: Figures for MAC subheader with L and F fields (i.e. [R/F/LCID/L] above) is still missing as no concrete sagreements reached yet. To be added later.
MAC CEs are placed together. DL MAC CE(s) is placed before any MAC SDU and padding, and UL MAC CE(s) is placed after all the MAC SDUs.
Editor's note: Location of the padding is unclear from the agreement (i.e. after MAC CEs or before MAC CEs).
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 6.1.2-3: Example of a DL MAC PDU
A maximum of one MAC PDU can be transmitted per TB per MAC entity.
Editor's note: Editor thinks the above principle (i.e. max one MAC PDU per TB) is applied to NR as well. Need confirmation from RAN2.
(…)
[bookmark: _Toc483424992]6.2	Formats and parameters
[bookmark: _Toc483424993]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. The LCID field is optional and can be present on the first MAC sub-header only for consecutive MAC SDUs belonging to a same logical channel. 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. The size of the L field is indicated by the F field; The L field can be 6 or 14 bits for T/F/L subheaders and 8 or 16 bits for T/F/LCID/L subheaders.
-	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] bits of the Length field. The value 1 indicates [TBD2] bits of the Length field;
-	T: The Type  field indicates if the next MAC sub-header is of same type among T/F/L and T/F/LCID/L or of different type. The value 0 indicates the same type. The value 1 indicates a different type;

Editor's Note: RAN2 only agreed to have two L fields, and sizes for them are still TBD.
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