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Introduction

The following aspects on MAC PDU design has been considered in this document, to fulfil the design of the MAC PDU for NR V2X:

MAC sub-header for different cast type

Multiplexing for unicast links

Discussion

MAC sub-header for different cast type
Some working principles have been approved so far for the L2 ID in AS Layer, to be more specific, in between SCI and MAC sub-header [1]：

RAN2 will capture L2 packet filtering function with the condition (i.e. if full L1 id is not used in L1 control information). It is FFS whether we need additional filtering function for unicast and groupcast

And in previous meeting, it has been approved that [2],
With a given full source/destination ID, if a portion of it is used as L1 source/destination ID in SCI, the rest portion is conveyed in MAC subheader as L2 source/destination ID. 

What’s setting apart the current release from previous one is that there are 3 cast types from the AS Layer’s perspective for the first time. Therefore, design consideration shall be given for an integral solution for all 3 cast types.

The MAC sub-header design should consider all cast types’ requirements.
The design of MAC sub-header is strongly coupled with SCI/PSCCH provided by RAN1. Due to the need for flexible scheduling and HARQ combination in lower layer, both DST ID and SRC ID, together with other identifiers, are put to differentiate HARQ processes. Below are RAN1’s agreements for the SCI [3]:
Layer-1 destination ID can be explicitly included in SCI

- FFS how to determine Layer-1 destination ID 

- FFS size of Layer-1 destination ID 

The following additional information can be included in SCI 

- Layer-1 source ID 


- FFS how to determine Layer-1 source ID 


- FFS size of Layer-1 source ID 

- HARQ process ID 

- NDI 

- RV 

FFS whether some of the above information may not be present etc. in some operations (e.g., depending on whether they are used for unicast, groupcast, broadcast)

Above info is needed for both unicast and groupcast with no doubt. It is worthy a discussion for broadcast, and, moreover, if a unified design is needed for all cast types.
The LTE V2X in Rel-14 is a purely broadcast system, the data packets are only filtered at MAC layer by the DST ID to be determined if the packets will be processed and sent to upper layer. For Rel-14 D2D unicast and groupcast transmission, part of the DST ID is carried in the PHY layer control information, to filter out the UE interested reception, while the left part of the ID is carried in MAC PDU. Besides, a “version” field is used to recognize the cast type in MAC layer (TS 36.321/6.1.6).
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Figure 6.1.6-3: SL-SCH MAC subheader for V ="0001" and "0010"
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Figure 6.1.6-3a: SL-SCH MAC subheader for V="0011"
However in current release, as indicated in TS 23.287, even for broadcast mode reception UE has a specific service interest which is defined by the DST ID configured from higher layer:

For broadcast mode of V2X communication over PC5 reference point, the UE is configured with the destination Layer-2 ID(s) to be used for V2X services. The destination Layer-2 ID for a V2X communication is selected based on the configuration as described in clause 5.1.2.1.

Besides, filtering out the unwanted datagram in physical layer reduces the processing workload for of higher layers, i.e., MAC Layer.
Interests based reception is needed for broadcast as well, and helps to reduce the workload of MAC Layer.
PHY layer receiving combination already exists for LTE V2X, and no service related IDs are not needed in previous releases. This is due to the chain-like scheduling mechanism, i.e., the re-transmission resource is indicated together with the initial transmission in the SCI. However, NR V2X aims at a more flexible utilization of the resources, and a HARQ process based scheduling is anticipated. In RAN2 104, it was agreed that,

3: Sidelink HARQ transmissions (w/o HARQ feedback) and Sidelink process are supported at least for NR sidelink broadcast. RAN2 should further discuss potential enhancements to sidelink HARQ operation, considering RAN1 progress.

Although only the DST ID is needed for broadcast reception, SRC ID can be taken into consideration to further reduce the chance of collision of broadcast with the same DST ID but different SRC ID, e.g., in the process of Direct Communication Request, the same default Destination Layer-2 ID for unicast initial signaling can be mapped to more than one V2X services. Although SRC ID is neither not known to the RX UE nor needed for broadcast reception, from RAN1 perspective, it is still beneficial for broadcast reception, if dynamic scheduling of broadcast is pursued as well.
From RAN1’s perspective, it is beneficial for broadcast reception by introducing part of SRC ID and DST ID in physical layer, if dynamic scheduling of broadcast is pursued as well.
A single unified SCI/MAC sub-header design for all cast types for the reasons below:

PHY based interest-reception is needed for all cast type, and reduces the processing pressure for high layer, i.e., MAC layer.
A single unified SCI design reduces the number of times of PSCCH blind detection.
A single unified MAC sub-header design might reduce the processing complexity for MAC Layer. 

A single SCI and MAC HD design for all cast type reduces the reception and data processing complexity. 
Unified design for unicast/groupcast/broadcast MAC sub-header, as well as aligned filtering function.
It should be noted that the cast type info will be contained in the SCI explicitly or implicitly (single stage or 2 stage, HARQ feedback indication field, CSI-RS indication, etc.), thus a ‘version’ field in MAC sub-header is not necessary.

No ‘version’ field is needed in MAC sub-header to differentiate cast types.

Below is a example MAC sub-header design for the NR V2X:
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Fig: An example for SL-SCH MAC subheader
Multiplexing for unicast links
Agreements on the MAC behaviour in last meeting.
5:
For Sidelink broadcast, different destinations (i.e. each Destination Layer 2 ID targeting specific broadcast service) are not multiplexed into the same MAC PDU. For Sidelink groupcast, different destinations (i.e. each Destination Layer 2 ID targeting specific group or groupcast service) are not multiplexed into the same MAC PDU. FFS for unicast case. 

It was being discussed in last meeting that whether data with different DST ID need to be multiplexed into the same MAC PDU in unicast should be further studied. It is clear that for groupcast and broadcast,different UEs may be interested in different services.
However, for unicast SA2 provides the flexibility that for the same UE pair, there might be multiple unicast links. Due to the mismatch between the resource grant and real data volume that needs to be sent, there could be gain from multiplexing data from the multiple links, such as decreasing resource wastage.

Multiplexing data from multiple unicast links for the same UE pair to the same MAC PDU potentially offers multiplexing gain.
However, to multiplex data from different unicast link in MAC Layer, there are certain premises, and one of them is how to tag the datagram from different link thus de-multiplex them on the peer UE is possible. There are different options (assuming that the UE pair has recognized that there are multiple unicast links between them and the reception problem has been figured out in Layer 1):

LCID. It is possible to differentiate data from multiple links by LCID. However, currently the LCID is allocated per DST ID, which might result in LCID collision among different links. The solution is to modify the LCID allocation mechanism, i.e., the LCID is allocated per UE, rather than per link. As a consequence, within one UE, different destination ID will not use the same LCID.
Specific SRC and DST ID. In current MAC PDU design, it has already been agreed that at least portion of the L2 IDs will be within the MAC sub-header, to help recognize and filter out the MAC PDU for different DST IDs. Thus it is possible to cascade data from different links to a single MAC PDU while each with a MAC sub-header with the specific L2 IDs, i.e., each MAC SDU will be recognize through the combination of DST ID and LCID. There are related issues though:
Since only part of the L2 IDs will be contained in the current design of MAC PDU, collision might happen among links, which results in the failure of de-multiplexing.
How to maintain a common design with the one without multiplexing.
This poses challenging issues to the LCP procedure as well:

Legacy LCP just involves single DST ID, however, if we would like to support multiplexing data from multiple DST IDs, LCP mechanism shall be modified.
The LCP mechanism will inevitably differ among different cast types.
In above options, it is either needed to revert previous agreements, or to introduce much standard impacts, while it is unclear how much gain could be obtained from the multiplexing itself.
Based on above analyses, we have the following observation and proposal:

To multiplex data from different unicast links into the same MAC PDU, much standard impacts have to be introduced inevitably, e.g. MAC PDU format and LCP procedure in unicast.
Not to multiplex data from different unicast links for the same pair UE into the same MAC PDU.
Conclusion
On MAC sub-header design, we have the following observation and proposals:
Proposal 1
 The MAC sub-header design should consider all cast types’ requirements.
Observation 1  Interests based reception is needed for broadcast as well, and helps to reduce the workload of MAC Layer.
Observation 2  From RAN1’s perspective, it is beneficial for broadcast reception by introducing part of SRC ID and DST ID in physical layer, if dynamic scheduling of broadcast is pursued as well.
Observation 3  A single SCI and MAC HD design for all cast type reduces the reception and data processing complexity. 
Proposal 2  Unified design for unicast/groupcast/broadcast MAC sub-header, as well as aligned filtering function.
Proposal 3  No ‘version’ field is needed in MAC sub-header to differentiate cast types.

Observation 4  Multiplexing data from multiple unicast links for the same UE pair to the same MAC PDU potentially offers multiplexing gain.
Observation 5  To multiplex data from different unicast links into the same MAC PDU, much standard impacts have to be introduced inevitably, e.g. MAC PDU format and LCP procedure in unicast.
Proposal 4  Not to multiplex data from different unicast links for the same pair UE into the same MAC PDU.
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