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1. Introduction
Based on agreement reached in last RAN2 meeting on MAC PDU format, issues on placement of DL MAC CE, parsing enhancement, optimization for same LCH MAC SDU and basic MAC PDU field are discussed in this contribution.
Agreement RAN2#97bis [1]:
-	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
2. Discussion
Issue 1. Placement of MAC CE for DL
In last meeting, it was agreed that for UL, MAC CE(s) are placed in the tail of MAC PDU. For DL, the placement of MAC CE is still FFS [1].
The reason that UL MAC CEs are placed after all MAC SDUs is invalid in DL case. For UL, placing MAC CEs after MAC SDUs is to facilitate pipe-line processing in UE because BSR and PHR can only be determined when all MAC SDUs are placed, while DL MAC CEs can be determined before MAC PDU construction.
Further, placing DL MAC CEs at front of MAC SDU can speedup UE processing MAC CEs. With help of pipe-line processing and coding block approach, UE may process the MAC CEs before the whole MAC SDU is decoded.
Placing DL MAC CEs at front of MAC SDU does not require additional enhancement for parsing from the MAC PDU tail, as discussed for UL MAC SDU. This further simplifies processing in UE.
Proposal 1: Place MAC CE(s) at the front of all MAC SDUs for DL.

Issue 2. Need of L field for last MAC SDU/MAC CE and location of padding
The location of padding depends on whether the last MAC SDU or variable MAC CE has L field in Subheader.
In LTE, when single-byte or two-byte padding is required, one or two MAC PDU Subheader corresponding to padding are placed before any other MAC PDU Subheader. 
The reason for this special placement is because the last MAC SDU Subheader except for padding does not have L field, and if padding Subheader is placed as the last one, additional one or two byes long L field is needed for the MAC SDU before padding. In the very special case, this additional L filed may cause the MAC SDU cannot be included in the MAC PDU completely. Placing padding Subheader in front of all MA SDU Subheader makes that MAC SDU the last one. Then the L filed is saved for that MAC SDU.
For NR, there are two options to handle the last MAC SDU or variable MAC CE:
· Option1: To reuse same method as in LTE, i.e. the last Subheader for last MAC SDU has no L field, and place one or two padding Subheader before MAC SDU/MAC CE.
· Option2: Subheader of all MAC SDUs, including the last one, has L filed. No special processing for the case of one or two bytes padding is needed.
Option1 may save one additional transmission for the very special case. But it also causes difficulty for pre-processing. Before MAC PDU construction, sender cannot decide whether the Subheader of a MAC SDU should have L field or not. And if last MAC SDU does not have L field, the similar special processing as in LTE should be adopted, i.e. insert padding Subheader before a pre-processed MAC SDU. This make the processing even more complicated compared to option1.
Thus, to simplify processing and facilitate pre-processing, option2 is more preferable.
Proposal 2: Subheader of last MAC SDU or variable sized MAC CE has L field.

When constructing a MAC PDU, whether padding is required and the padding size can only be determined after all MAC SDUs and other MAC CEs are placed. For the sake of pipe-line processing, padding should always be the last one of a MAC PDU.
In the UL case, the MAC CEs are placed after all MAC SDUs. If padding is needed, it should still be as the last one, i.e. after all other MAC CEs.
Proposal 3: Padding and its Subheader should be placed in the tail of MAC PDU if padding is required.

Issue 3. Indication of last MAC SDU/MAC CE
In LTE, the E field in MAC Subheader indicates whether this Subheader is the last one. In NR, with the help of padding presence and L field in last MAC SDU or variable MAC CE, this E field is no longer needed.
As proposed above, padding is always the last one in a MAC PDU if it is needed. The presence of padding Subheader indicates the end of a MAC PDU, i.e. bytes after padding Subheader are all padding.
If padding is absent, receiver can tell whether a MAC SDU or a MAC CE is the last one by compare the length of MAC SDU or MAC CE with the left MAC PDU size to be parsed. This is feasible because the last MAC SDU or variable MAC CE has L field in its Subheader as proposed above.
Proposal 4: The E field in LTE MAC Subheader is not needed. Either presence of padding Subheader or comparing length of MAC SDU or MAC CE to left size of MAC PDU can indicate the end.

Issue 4. Optimization for parsing from tail
Placing MAC CEs after all MAC SDUs for UL is beneficial for UE processing. But parsing from tail of MAC PDU to speed up MAC CE is unnecessary.
Any enhancement foreseen increases the complexity for network side because of additional logic in processing UL MAC PDU, e.g. to determine whether there is MAC CE(s) after MAC SDUs and to locating the MAC CE from a magic location, etc.
One reason to support parsing from tail is to decrease processing delay in network side and facilitate following scheduling according to the content of UL MAC CE. But to our understanding, processing delay for network side should not be a problem because of much more powerful processing capability. The save processing delay cannot compensate additional processing complexity caused by this kind of optimization.
Proposal 5: No enhancement is supported for parsing MAC PDU from the tail.

Issue 5. Optimization for MAC SDU from same LCH
In last meeting, some companies proposed to optimize MAC PDU format in order to save LCID field if the next or previous MAC SDU is from the same LCH. To achieve this purpose, MAC SDUs from same LCH are placed together. Either a special MAC Subheader is defined to indicate which MAC SDUs are from same LCH [2], or an indicator in MAC Subheader is defined to indicate whether the next or previous MAC SDU has same LCID. Thus one byte can be saved for some MAC SDU Subheaders [3] [4].
We understand this kind of optimization is unnecessary when comparing the ratio of LCID field to the size of MAC PDU. Following two extreme cases shows that saved LCID bytes take a very small ratio in MAC PDU.
· Case 1: For large TB size with large size MAC SDUs from same LCH. As an example, TB size is 128KB, 1.5KB per MAC SDU. Saved bytes number is 128KB/1.5KB=85 bytes. Saved ratio is 85/128KB. The save number is very small compared to MAC PDU size.
· Case 2: for small TB size with small size MAC SDU from same LCH. As example, TB size is 256 Bytes, 40 Bytes per MAC SDU. Thus the save bytes number is 256/40=6 bytes. Save ratio is 6/256 = 0.025. This is still not big enough.
Furthermore, the enhancements will compromise pre-processing or pipe-line processing in sender side. To support this kind of optimization, the processing of MAC SDU is not independent from others. And the location of a MAC SDU in MAC PDU will impact the Subheader length, i.e. with or without LCID field, or Subheader content, i,e, indicating same LCID to next or previous MAC SDU. Thus, before construction of MAC PDU, the Subheader of a MAC SDU cannot be determined, i.e. pre-processing cannot be completed or pre-processed MAC SDU Subheader may be changed later and additional memory copy may be required.
Since benefit is insignificant while impact to pre-processing is unavoidable, it is not preferable to have this optimization.
Proposal 6: Optimization to save LCID field for MAC SDUs from same LCH is NOT supported.

Issue 6. Range of LCID
In LTE, LCID is 5 bits and is shared by LCH and MAC CE. There were proposals to extend the LCID ranges, e.g. to 6 bits long or to define LCID spaces for MA CE and LCH independently.
We think a sharing LCID space for LCH and MAC CE is more efficient than separate LCID spaces. Thus LCID should still be shared in NR.
Because one QoS flow to LCH mapping is multi to one, LCID space size should be decided according to the PDU session number and QoS flow number per PDU session. 
Proposal 7: LCID space is shared by MAC CE and LCH. LCID space size should be decided according to maximum PDU session number and QoS flow number per PDU session.

Issue 7. Range of MAC SDU size – L filed length
In LTE, the length of a MAC SDU is indicated by L field in corresponding MAC Subheader. There are 3 different L field lengths, i.e. 7bits, 15bits and 16bits. Corresponding maximum MAC SDU length ranges from 128bytes to 64K bytes. Because of RLC concatenation in LTE, a MAC SDU may include multiple RLC SDU/PDCP PDUs. 
While for NR, there is no more RLC concatenation. The maximum MAC SDU length is directly related to maximum RLC PDU/PDCP PDU, and eventually be decided by maximum IP packet size.
But considering the maximum TB size and MAC PDU header design, it is unnecessary to design L field to fit the potential maximum IP packet. RLC segmentation can be used if an IP packet cannot be included in a MAC SDU completely.

	Types
	Maximum length
	L field length requirement

	Regular IP packet
	1500 Bytes
	11 bits

	Jumbo frame(1)
	9K Bytes
	14 bits

	Jumbo frame(2)
	65K Bytes
	17 bits

	Small IP/MAC CE
	
	6 or 7 bits



Note: Jumbo frame (9KB) is already supported according to last meeting, while jumbo frame (65KB) is still FFS.
To design MAC Subheader, it needs to be decided that:
· Whether jumbo frame(65KB) is supported
· Whether the maximum IP packet needs to be carried in MAC PDU completely
Proposal 8: The range of MAC SDU length should take maximum IP packet length into account.

3. Conclusion
Proposal 1: Place MAC CE(s) at the front of all MAC SDUs for DL.
Proposal 2: Subheader of the last MAC SDU or variable sized MAC CE has L field.
Proposal 3: Padding and its Subheader should be placed in the tail of MAC PDU if padding is required.
Proposal 4: The E field in LTE MAC Subheader is not needed. Either presence of padding Subheader or comparing length of MAC SDU or MAC CE to left size of MAC PDU can indicate the end.
Proposal 5: No enhancement is supported for parsing MAC PDU from the tail.
Proposal 6: Optimization to save LCID field for MAC SDUs from same LCH is NOT supported.
Proposal 7: LCID space is shared by MAC CE and LCH. LCID space size should be decided according to maximum PDU session number and QoS flow number per PDU session.
Proposal 8: The range of MAC SDU length should take maximum IP packet length into account.
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