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1.	Introduction
The possibility to remove RLC concatenation was discussed at the RAN2#95 meeting, and further discussed via e-mail [95#26]. 
[bookmark: _Toc459958538][95#26][LTE/NR]  Concatenation (Ericsson)
	Identify the impacts of concatenation at RLC compared to concatenation at MAC. Impacts considered should at least look at real time processing impacts and overhead. Impacts should at least be analysed based on the baseline LTE MAC and RLC headers.
	Intended outcome: Email discussion report to next meeting
	Deadline: Thursday 22/09/2016

However, due to various opinions, it was difficult to reach a consensus whether to remove RLC concatenation or not.
In this document, we show one example of PDU construction process in NR, and explain the benefit of it over LTE PDU construction process.

2.	MAC PDU construction in LTE


Figure 1: Example of MAC PDU construction in LTE

In LTE, a MAC PDU construction process starts when UL grant is received. The Figure 1 illustrates overall procedure of the MAC PDU construction process. The details are explained below.
1. The UE receives UL grant from the eNB.
2. The MAC entity performs Logical Channel Prioritization (LCP) procedure to determine the RLC PDU size for each RLC entity.
3. The MAC entity indicates the determined RLC PDU size to each RLC entity.
4. Each RLC entity performs segmentation and/or concatenation of RLC SDUs to construct a RLC PDU. For each RLC PDU, Framing Info (FI) and RLC Sequence Number (RSN) are mandatorily present. The Length Indicator (LI) is included each time two RLC SDUs (segments) are concatenated.
5. Each RLC entity delivers constructed RLC PDU to the MAC entity.
6. The MAC entity concatenates RLC PDUs received from multiple RLC entities.
7. The MAC entity sets the value of MAC subheader for each MAC SDU, and collects all MAC subheaders in front of the MAC PDU to form a MAC header.

3.	LL2 PDU construction in NR
We have observed following problems/redundancies in LTE MAC PDU construction process.
· The MAC PDU construction process starts only after UL grant is received. Especially, RLC segmentation and concatenation process starts only after the MAC entity indicates the RLC PDU size to the RLC entity, which takes long time before MAC PDU construction.
· Due to the variable nature of MAC SDU and MAC subheaders, determining RLC PDU size for each RLC entity is very complex.
· The MAC PDU cannot be delivered to PHY until whole MAC PDU is constructed, because all the MAC subheaders are collected together and put into the front of the MAC PDU.
· PDCP SN is already included in RLC SDU, and adding another SN in RLC is redundant.
· RLC includes LI field to indicate the length of RLC SDU (segment), and MAC includes L field to indicate the length of MAC SDU. That is, same function is spread over two layers, which is redundant and inefficient.
Therefore, we propose a new PDU construction process in NR as shown in Figure 2. Here, we have following assumptions:
· NR L2 consists of Upper L2 (UL2) and Lower L2 (LL2).
· LL2 maintains a LL2 SDU buffer for each UL2 entity.
· UL2 maintains UL2 SN (USN), i.e. UL2 SN is attached to each UL2 PDU (=LL2 SDU).
· UL grant reception and LCP procedure are same as LTE.
· LCID identifies LL2 SDU buffer.


Figure 2: Example of LL2 PDU construction in NR

With above assumptions, the overall LL2 PDU construction process is explained below.
1. When the LL2 entity receives LL2 SDUs from upper layer, the LL2 entity constructs “Headered LL2 SDU” by attaching an LL2 header to each LL2 SDU. The LL2 header includes LCID field which identifies an LL2 SDU buffer, L field which indicates the length of the LL2 SDU or LL2 SDU segment, Segmentation Info (SI) field which indicates the position of the LL2 SDU segment within the original LL2 SDU, and UL2 SN (USN) which is provided from upper layer together with LL2 SDU. In the Headered LL2 SDU, the L field value is set to the total length of corresponding LL2 SDU, and the SI field is set to a value indicating “no segmentation”. There are various ways to implement SI field, e.g. Segment Offset, Segment Number, etc. 
2. The UE receives UL grant from the eNB.
3. The LL2 entity performs Logical Channel Prioritization (LCP) procedure to determine the amount of UL resource that can be used by each LL2 SDU buffer.
4. The LL2 entity performs segmentation of LL2 SDUs based on the determined UL resource size for each LL2 SDU buffer. For each LL2 SDU segment, the same LL2 header as original LL2 SDU is attached.
5. For each LL2 SDU segment, the LL2 entity updates the value of the L field and SI field included in the LL2 header.
6. The LL2 entity concatenates headered LL2 SDUs or headered LL2 SDU segments to construct a LL2 PDU.
The proposed PDU construction process has following benefits over LTE PDU construction process.
· LL2 headers can be pre-constructed prior to UL grant reception, which can reduce the processing time between UL grant reception and PDU transmission.
· Determining UL resource for each logical channel becomes simple because LL2 headers for each LL2 SDU have same header structure.
· The required process after LCP is simple. The LL2 entity may perform segmentation of the last LL2 SDU from each SDU buffer, and update values of some fields in LL2 header for each LL2 SDU segment if segmentation is performed.
· Each LL2 SDU in the LL2 PDU can be delivered to PHY without waiting for whole PDU construction.
· Only one SN is used in all layer 2.

4.	Proposal
In the previous sections, we explained LTE PDU construction process, and also presented one potential method for efficient PDU construction process in NR. To reduce processing time after receiving UL grant, we have following proposals:
Proposal1: Use only one SN in NR layer 2.
Proposal2: Attach separate header for each SDU in a PDU.
Proposal3: Use the same field structure for each SDU header.
Proposal4: Perform SDU concatenation at the end of PDU construction process.
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