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1 Introduction

In this contribution, we discuss the concatenation at MAC layer.
2 Discussion

The current working assumption has a header format as below:
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Figure 1: working assumption header format

As concatenation is removed from RLC, MAC subheaders are added per IP packet, resulting in higher processing overhead and also MAC layer communication overhead.

Observation 1: At peak throughput, processing load in MAC is high as MAC subheader is per IP packet. 
To address the processing concern, it is desired to allow packing of MAC SDUs to reduce number of MAC subheaders to be created and processed for concatenated MAC SDUs in the protocol stack. 
Proposal 1: Introduce MAC concatenation subheader to allow packaging MAC SDUs

Figure 2 shows an example where MAC multiplexes two logical channels with 3 and 2 IP packets, respectively. We define a MAC subheader and its one or more MAC SDUs as a MAC sub-PDU, in which RLC SNs of new data PDUs within MAC sub-PDU are in consecutive order. In order to ensure efficient processing, implementation should strive to minimize the number of MAC sub-PDUs in a MAC PDU.
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Figure 2: MAC concatenation

Proposal 2: Each MAC sub-PDU contains a MAC subheader and one or more MAC SDUs

Proposal 3: Multiple “MAC sub-PDUs” can exist in one MAC PDU. 

Proposal 4: Within each “MAC sub-PDU”, RLC SNs with new data are in consecutive order

Proposal 5: For each LCID, MAC may construct up to X MAC sub-PDUs in a transport block within a slot duration (i.e. TTI). Implementation should strive to minimize X, e.g. X=2.

Additionally, we believe the concatenation header can be further optimized. We learned from existing LTE implementation that most packets at RLC from the same logical channel have the same length, as most IP packets are generated at MTU size, e.g. by TCP. We believe that the same applies for data radio bearer at peak data rate in NR. That is, most MAC SDUs (after adding fixed size PDCP and RLC headers to MTU size IP frame) will be of the same size. Therefore, we suggest the concatenation subheader can contain one or more sets of <N, L> fields, where N is the number of consecutive packets with length L. We expect this format can significantly reduce the size of a MAC concatenation subheader and therefore further reduce the processing time needed at both Tx and Rx sides.

Proposal 6: In the MAC concatenation subheader, one or more sets of <N, L> fields are used to describe the length of MAC SDUs, where a <N, L> set describes N MAC SDUs with the same length L.
3 Summary
Observation 1: At peak throughput, processing load in MAC is high as MAC subheader is per IP packet

Observation 2: Most packets from the same LC have the same length for eMBB DRB assuming TCP is the major traffic.

Proposal 1: Introduce MAC concatenation subheader to allow packaging MAC SDUs

Proposal 2: Each MAC sub-PDU contains a MAC subheader and one or more MAC SDUs

Proposal 3: Multiple “MAC sub-PDUs” can exist in one MAC PDU. 

Proposal 4: Within each “MAC sub-PDU”, RLC SNs with new data are in consecutive order.
Proposal 5: For each LCID, MAC may construct up to X MAC sub-PDUs in a transport block within a slot duration (i.e. TTI). Implementation should strive to minimize X, e.g. X=2.

Proposal 6: In the MAC concatenation subheader, one or more sets of <N, L> fields are used to describe the length of MAC SDUs, where a <N, L> set describes N MAC SDUs with the same length L.
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