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1. Introduction
In RAN2 NR Ad-Hoc meeting, the following agreements has been made on the format of MAC PDU
	- MAC sub-headers are interleaved with MAC SDUs. 
- MAC CEs are not placed in the middle of the MAC PDU but at the beginning or at the end (placement can be decided later)
- Concatenation is placed in the MAC layer instead of RLC layer to facilitate parallel processing.


In this contribution, we intend to analyse the placement of MAC CE and MAC subheaders. The format of the MAC PDU is also summarized.
2. MAC subheader placement

In the RAN2#96 meeting, consensus has been made that concatenation will be placed in the MAC layer instead of the RLC layer to facilitate the parallel processing. Also, subheaders shall interleave with the MAC SDUs. In this way, the subheaders for each SDU can be generated independently. Moreover, the first few MAC PDUs that do not depend on the LCP results can be sent to the PHY layer before concatenation is fully done. Because of this, the time before MAC sends data to PHY layer can be reduced and the buffer requirements can be relaxed due to the early release.  
Clearly, under the current working assumption that the subheaders are interleaved with the SDUs, there are two possible options for the placement of subheader relative to its MAC SDU: placing the subheader (a) in front of, or (b) at the tail of MAC SDUs.
For the transmitter, one major advantage for placing the subheader at the tail is that the transmitter can send data down to PHY layer before computing the subheader fields. However, with no RLC concatenation, MAC subheaders can be pre-generated and stored in the memory. The computation related to the fields in the subheaders is also not intensive. Thus, placing subheader in front of MAC SDUs does not delay the MAC processing significantly.  
Observation 1: For the transmitter, MAC subheaders are pre-generated before the LCP and stored in the memory. The generation of the subheader is not computation-intensive.  

On the other hand, for the receiver, it is ideal that it can receive the subheader first so that it can obtain the information such as the L-field and LCID first. If the subheader is placed at the tail, the receiver is not able to decode the SDU since the length of the SDU is unknown. Hence unless an indication for the beginning and the end of the subheader is added, which will cost additional overhead, the receiver will not be able to separate the subheader from the SDU.

Observation 2:  For the receiver, (a) receiving the subheader first facilitates the processing of the MAC SDU and (b) MAC PDU cannot be decoded if the header is not received first. 

Based on the above discussions, we make the following proposal on the placement of the MAC subheaders:
Proposal 1: MAC subheader should be placed in front of its MAC SDU.
3. MAC CE placement
In LTE, MAC CE is defined as the peer-to-peer signalling between different MAC entities that enables the interaction and control on the MAC-level. Various types of CEs have been defined, while the procedures for generating the CEs are different. As have been discussed in [1], the MAC CEs can be categorized into two types: real-time MAC CE and offline MAC CE.  Offline MAC CE can be obtained before the MAC PDU is generated (e.g. C-RNTI CE). They can be pre-generated before LCP and stored in the memory; In contrast, real-time MAC CE can only be obtained after the MAC PDU is obtained (e.g. BSR, PHR). 
Observation 3: Different MAC CEs can be grouped into two categories according to the time they can be generated: real-time MAC CE and off-line MAC CE.

In the previous RAN2 meeting, it has been agreed that the MAC subheaders should interleave with the SDUs to facilitate parallel processing. Since off-line MAC CEs can also be pre-generated, parallel processing is also possible that MAC CEs can be generated independently. Hence, following this design principle, we argue that the subheader of the MAC CE should also interleave with the MAC CEs to maintain the uniformity between MAC CE and MAC SDU. 
Proposal 2: Following the same format as that of the MAC SDU, the subheaders of MAC CE should interleave with the MAC CEs. 
For real-time MAC CE, one such example is BSR. In LTE, according to Section 5.4.5 of TS 36.321, the definition of BSR is “All BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI.” Hence, in order to have a faithful representation of the buffer status in different logical channel, it is only feasible to place the BSR at the tail of the MAC PDU. Moreover, placing the real-time CEs in the front also impedes the parellel processing in the MAC layer. Under the new design of no RLC concatenation, the MAC SDUs are generated before the LCP and  appended with their subheaders. If enough space is allocated due to PBR, the beginning few SDUs can be directly sent to the PHY layer before the LCP. However, the real-time CEs are only generated after the LCP. If they are placed in front, the other SDUs have to wait for the finish of the LCP before they can be sent to the PHY layer. This contradicts with the original design purpose of no RLC concatenation. Hence, we make the following proposal in regards to the placement of real-time CEs.
Proposal 3: Real-time MAC CEs should be placed at the tail of MAC PDU.
On the other hand, for offline MAC CEs, it has been argued that they should be placed in the front to let the receiver decode these CEs first and fasten the receiver side processing. However, as have been mentioned before, placing different MAC CEs dispersely would increase the complexity. Due to this reason, the offline CEs should also be placed at the tail of the MAC PDUs. 
Proposal 4: Offline MAC CEs should also be placed at the tail of MAC PDU.
However, placing the MAC CEs at the tail of the MAC PDU will delay the processing of the receiver. It will always be ideal if the receiver can receive these CEs first to timely obtain the necessary information in MAC CE. In order to avoid the delay in processing the MAC CEs, one method is to decode the MAC PDU from multiple positions. Note that a similar approach has been proposed in [4], which is also significantly different from ours in the design. The following figure gives the details about this approach.
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Figure 1: New MAC PDU Decoding Scheme
The receiver begins to decode the MAC SDU from the front, and for the MAC CE from the rear. However, indication should be made on whether the end of MAC PDU is MAC CE or MAC SDU.  Hence, there are two possible options given in the figure:
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Figure 2: Indicator Field in front of MAC PDU
Option 1: One approach is to add an indicator field in front of the MAC PDU as one byte, where I=1 indicates that MAC CE exists at the rear of MAC PDU and R represents the reserve field. The format of this field is illustrated in the above figure. It can be placed in front of the MAC PDU because MAC will know whether or not it needs to send MAC CE in the current MAC PDU before it is finished. Thus, this will not influence the parellel processing at the transmittter. Moreover, an Extension field of the MAC subheader indicates whether or not the current MAC SDU/CE is the last one in the decoding direction, i.e., E=1 indicates that the current MAC SDU/CE is the last one in a certain decoding direction;
Option 2: This option exploits the previously reserved bit in the subheader of the first MAC SDU. I=1 indicates that MAC CE exists at the rear. Similar to Option 1, Extension field is used to indicate whether the current MAC SDU/CE is the last one.
Comparing these two options, Option 1 wins in the uniformty of the subheaders and avoiding major modification of the subheaders from the legacy version; in comparison, Option 2 does not need the one-byte space for the Indicator Field in Option 1. With this design of MAC PDU, the real-time CEs could be safely placed after the MAC PDU is finished at the transmitter, while the CEs could also be decoded in a timely manner at the receiver. Hence, based on this new scheme, we make the following proposal:
Proposal 5: An additional bit should be added to indicate the existenece of the MAC CE at the tail of the MAC PDU. It can be added either as
(a) one byte in front of the MAC PDU, or;

(b) one bit in the subheader of the first MAC SDU in the Reserve Field.
4. MAC PDU format

In summary of the discussion in this paper, we propose the MAC PDU format in the following figure for NR. 
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For the content of the subheaders for MAC SDU and CE, different fields generally follow the same functionality in that of LTE. The only difference may be the use of I-field in Option 2 on the previously reserved field when there is no one-byte indicator field added in front of the MAC PDU. Hence, compared to LTE, our design of MAC PDU format does not have much modification on the legacy version, while also suitable for the new characteristics in NR.
5. Conclusion
In this contribution, we have a unified discussion on the MAC PDU format. We make the following observations on the MAC subheaders and MAC CEs:

Observation 1: For the transmitter side, the MAC subheaders are pre-generated before the LCP and stored in the memory.  The generation of the subheader is not computation-intensive;
Observation 2:  For the receiver side, (a) receiving the subheader first facilitates the processing of the MAC SDU, and (b) MAC PDU cannot be decoded if the header is not received first;
Observation 3: Different MAC CEs can be grouped into two categories according to the time they can be generated: real-time MAC CE and off-line MAC CE.
Based on the above observations, the following proposals have been made:
Proposal 1: MAC SDU subheader should be placed in front of its MAC SDU;
Proposal 2: The subheaders of MAC CE should also interleave with the MAC CEs;
Proposal 3: Real-time MAC CEs should be placed at the tail of MAC PDU;
Proposal 4: Offline MAC CEs should also be placed at the tail of the MAC PDU;
Proposal 5: An additional bit should be added to indicate the existenece of the MAC CE at the tail of the MAC PDU. It can be added either as

(a) a byte in front of the MAC PDU, or;

(b) a bit in the subheader of the first MAC SDU in the Reserve Field.
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