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1 Introduction
After the last RAN2 meeting an email discussion was initiated to discuss the impacts of concatenation at RLC compared to concatenation at MAC [1]. In the email discussion, many companies pointed out that concatenation at MAC is not efficient in terms of overhead due to the need of header and ARQ processing per IP packet. We think one possible solution to reduce the overhead in this case is to perform additional segmentation and concatenation in advance at higher L2 sublayer to generate fixed-size PDUs. This contribution intends to provide preliminary analysis of such non-real-time segmentation and concatenation.
2 Discussion
In LTE, segmentation and concatenation of PDCP PDUs are performed in RLC based on the outcome of LCP for TB filling. It causes that RLC and MAC PDUs cannot be generated before receiving UL grant. It is not clear whether such design is feasible for NR especially when considering the extreme low latency for user plane required by URLLC. In RAN1#85 [2], it was agreed that NR design should strive at least to enable the possibility for corresponding uplink data transmission shortly (in the order of a few tens of or hundreds of micro sec) after reception of UL assignment. In order to allow pre-computation of RLC headers and MAC subheaders before receiving UL grant, some contributions proposed to move the concatenation function from RLC to MAC in the last RAN2 meeting [3][4]. As there was no common understanding reached, an email discussion was initiated to discuss the impacts of concatenation at RLC compared to concatenation at MAC after the meeting [1]. 
In the email discussion, many companies pointed out that concatenation at MAC is not efficient in terms of overhead. The overhead of MAC subheader (and RLC header) increases from one header per group of concatenated IP-packets to one header per IP-packet. Besides, ARQ running per IP-packet requires bigger SN space which also increases ARQ complexity and the overhead of SN bits. One possible solution to reduce the overhead in this case is to perform additional segmentation and concatenation in advance at higher L2 sublayer (FFS in PDCP or RLC) to generate fixed-size PDUs. The value of PDU size can be preconfigured by upper layer (e.g., RRC) per logical channel. Since such operation can be performed before receiving UL grant, we call it as non-real-time segmentation and concatenation for the sake of convenience.
From the aspect of header overhead, we understand each segmentation operation requires an additional L-field to indicate the length of the additional segment. However, when transmitter performs non-real-time segmentation and concatenation to generate fixed-size PDUs, we think such additional L-field can be saved when receiver has been aware of the preconfigured PDU size. For example, as shown in the Figure 1, there are ten IP packets and each IP packet requires an L-field to identify the length of the packet. After performing non-real-time segmentation and concatenation, there are three fixed-size PDUs generated. Each IP packet ending in the generated PDUs requires an L-field to identify the length of the packet. On the contrary, no L-field is needed to identify the length of each additional IP packet segment (i.e., the blocks in grey) because the receiver can derive the length from the L-fields and the preconfigured PDU size. 
Observation 1: Performing non-real-time segmentation and concatenation to generate a fixed-size PDU would not require an additional L-field to indicate the length of the additional segment.
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Figure 1. An example of fixed sized segmentation and concatenation.
Segmentation operation also requires SN and segmentation information (e.g., Framing Info used in LTE) to allow the receiver to reassemble packets in the correct order and group. The SN overhead of non-real-time segmentation and concatenation can be avoided by reusing the original SN used in PDCP or RLC. Besides, since the consumption of segmentation information is not comparable to the saving of one header per group of concatenated IP-packets, we think the total overhead is reduced.
Observation 2: Performing non-real-time segmentation and concatenation to generate a fixed-size PDU in advance would reduce the overhead caused by moving the concatenation function from RLC to MAC.
On the other hand, from the aspect of packet processing, since non-real-time segmentation and concatenation can be performed before receiving UL grant, it does not increase real-time packet processing at transmitter side. However, it may cause that reordering of PDU segments and reassembly of packets are performed twice in different sublayers at receiver side. One is for reassembling the packet which had been segmented for TB filling. The other is for reassembling the packet which had been processed by non-real-time segmentation and concatenation. The packet processing for reordering and reassembly at receiver side can be improved by combining the two reassembly operations together. For example, the transmitter can perform non-real-time segmentation and concatenation to generate fixed-size PDUs in advance. After receiving UL grant, the transmitter can perform real-time segmentation for TB filling by re-segmenting a fixed-size PDU (similarly to what is done in LTE for RLC re-segmentation). Then the receiver can perform reordering of PDU segments and reassembly of packets once at the same sublayer. 
Observation 3: Performing non-real-time segmentation and concatenation would not increase the packet processing for reordering and reassembly at receiver side.

Proposal: For NR, if RAN2 decides to remove concatenation from RLC and to perform it on MAC level instead, RAN2 shall study whether it is beneficial to perform non-real-time segmentation and concatenation in advance at higher L2 sublayer to generate fixed-size PDUs.
3 Conclusion
In this contribution, we provide preliminary analysis of non-real-time segmentation and concatenation. Based on the discussion we have the following observations and proposal: 
Observation 1: Performing non-real-time segmentation and concatenation to generate a fixed-size PDU would not require an additional L-field to indicate the length of the additional segment.
Observation 2: Performing non-real-time segmentation and concatenation to generate a fixed-size PDU in advance would reduce the overhead caused by moving the concatenation function from RLC to MAC.

Observation 3: Performing non-real-time segmentation and concatenation would not increase the packet processing for reordering and reassembly at receiver side.

Proposal: For NR, if RAN2 decides to remove concatenation from RLC and to perform it on MAC level instead, RAN2 shall study whether it is beneficial to perform non-real-time segmentation and concatenation in advance at higher L2 sublayer to generate fixed-size PDUs. 
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