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1
Introduction
In RAN2#94, RAN2 made following agreements as per U-plane aspect for NR [1]:
1 
Study whether a single packet reordering function is possible

2
Study whether segmentation function can be configured (enabled/disabled) to support different services

3
Study whether concatenation function can be moved to lowest L2 sublayer. 

4
Study whether retransmission of PDU segments can be removed (i.e. only complete PDU level retransmission)
In addition, there will be an Email discussion on concatenation for next RAN2 meeting, which covers the following issue:
· 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.

In [2], there were two options listed to capture the function of NR L2:

- Option 1: No change from LTE L2 functions, which is based on the Figure 5.4.1-1: Overall layer 2 structure for NR in [2]
- Option 2: Some changes from LTE L2 functions
This contribution intends to provide further analysis on some L2 functions including segmentation and concatenation.

2
Discussion
2.1 

Segmentation
In order to utilize the scarce radio resources efficiently, the function of segmentation in LTE system shall also be supported in NR system for better matching PDU size to the TB size in UL grant(s)  (e.g., when the available TB size is smaller than the size of an upper layer packet). In current LTE system, segmentation is mandatory under RLC AM and UM modes. 
However, in some cases, the benefit of segmentation may be diminished which is shown as follows:
Segmentation may cause more processing delay to URLLC services. Segmentation may also cause unnecessary complexity for some MTC services generally with small packets. If available bandwidth is very large for some NR deployment, the transport block size may be much larger than PDCP PDU size of certain services, even with a short TTI. In this case, the chance and the benefit of segmentation are not significant. 
Observation1: Segmentation may not be needed in some cases, e.g., when transport block is much larger than a PDCP PDU, even with the smallest TTI.
Accordingly we have the following proposal:
Proposal1: Depending on the TB sizes and QoS requirements supported by NR, segmentation may be disabled per radio bearer for services with small packets.
2.2 

Concatenation
In current LTE system, the concatenation function is located in RLC, which is within a Logical channel. Multiplexing function is located in MAC, which is mainly across logical channels
In previous meeting, some companies proposed that the concatenation shall be removed from RLC and performed in MAC like multiplexing, and the so called motivation is to reduce processing times and accordingly to reduce the packet delay.
In this section, we will analyze the newly proposed solution in more details.

2.2.1 Processing timesIn layer 2, the operation in transmitting side (i.e. Tx) includes the following:
· Tx PDCP: 
· SN association
· Header compression(if configured)
· Integrity protection (if applicable)
· ciphering (if applicable)
· PDCP header inclusion
· Tx RLC:
· segment and/or concatenate the RLC SDUs
· Re-segment for retransmission
· RLC header inclusion
· Tx MAC

· Logical channel prioritization (considering MAC CEs/ MAC SDUs)
· Request RLC PDUs from RLC entities

· Generate MAC CEs
· Multiplexing of MAC CEs/MAC SDUs
· MAC header inclusion
Among above operations, the operation in Tx PDCP is offline (i.e. not real time processing), so the processing times can be ignored. That is, if more offline processing is performed to replace real time processing, less delay can be achieved.
Observation2:  if more offline processing is performed to replace real time processing, less delay can be achieved.
However, operations in both Tx RLC and Tx MAC are online (i.e. real time processing), so the processing times in Tx RLC and Tx MAC will impact the packet delay.
Concatenation function being removed from RLC seems the function location is changed, but the total real time operation is not reduced. See the following figure.
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From the above figure we can see that for both the concatenation in RLC and in MAC:
· Concatenation is always performed, either in RLC or in MAC
· RLC header cannot be generated in advance. Even though concatenation is not performed in RLC, segmentation may be performed according to the relationship of RLC PDU size and the size required by MAC. So RLC cannot know whether to segment a RLC SDU before receiving the MAC indication. That is, RLC can only encapsulate RLC PDU(s) after receiving the MAC indication.
· Similarly, MAC header cannot be generated in advance either. MAC cannot know: 1) how many RLC PDUs and 2) how long each RLC PDU is,  so MAC can only multiplex (or concatenate) them until the RLC delivers them to MAC. 
Based on above analysis, we can see that just moving concatenation from RLC does not reduce the amount of concatenation processing, does not reduce the amount of real time processing (to be replaced by offline processing). So it is not convinced to reduce the processing times.
Observation3: Just moving concatenation from RLC does not reduce the processing times significantly due to:

· the amount of concatenation processing is not reduced
· the amount of real time processing (to be replaced by offline processing) is not reduced

2.2.2 Overhead
In layer2, the main overhead includes:
· PDCP:

· One PDCP SN per PDCP PDU
· RLC:

· One SN per RLC PDU
· (M-1) LI per RLC PDU including M RLC SDUs(for first and last RLC SDU, segment may be performed)
· MAC:

· N R/R/E/LCID(one byte)
·  (N-1) L per MAC PDU including N MAC SDUs.
By removing concatenation from RLC, more RLC SN will be consumed because at least each RLC SDU needs an SN. So the length of SN may be enlarged.
Observation4: Just removing concatenation from RLC will consume more RLC SN, which may lead to the need of longer RLC SN.
By removing concatenation from RLC, LI field may be not needed if the whole RLC SDU is encapsulated into a RLC PDU. However, if an RLC SDU is segmented into several RLC PDUs, segment offset (SO) information shall be included which is similar to LI field. In addition, in MAC, there will be one L field for each RLC PDU, which will cause more L field overhead in MAC. So, there is no significant overhead gain from Layer 2 point of view.
Observation5: Just removing concatenation from RLC does not reduce L/LI field overhead.

In addition, for each MAC SDU, a one byte R/R/E/LCID header is generated. After removing concatenation from RLC, more MAC SDUs will be generated, and accordingly more R/R/E/LCID header is consumed.
Observation6: Just removing concatenation from RLC will increase R/R/E/LCID header in MAC.
Proposal 2: Concatenation in RLC should be kept as it is in LTE.
3
Conclusion and Proposal
Based on the discussion, we have the following observations and proposals on segmentation, which is option2:
Proposal1: Depending on the TB sizes and QoS requirements supported by NR, segmentation may be disabled per radio bearer for services with small packets.
Rationale behind “Change A”:
Segmentation may cause more processing delay to URLLC services. Segmentation may also cause unnecessary complexity for some MTC services generally with small packets. If available bandwidth is very large for some NR deployment, the transport block size may be much larger than PDCP PDU size of certain services, even with a short TTI. In this case, the chance and the benefit of segmentation are not significant.
Secondly, we have the following proposals on concatenation, which is option1:
Proposal 2: Concatenation in RLC shall be kept as it is in LTE.

Rationale behind adopting the LTE Layer 2 function of concatenation for NR:
· Just removing concatenation from RLC does not reduce the processing times significantly due to:

· the amount of concatenation processing is not reduced

· the amount of real time processing (to be replaced by offline processing) is not reduced

· Just removing concatenation from RLC does not reduce L/LI field overhead significantly
· Just removing concatenation from RLC will increase R/R/E/LCID header in MAC
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