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1 Introduction

During RAN2#98, the following agreements have been made:
· UE shall support segmentation for all services as well as be prepared to segment for every transmission based on the given limits (parameter X in LCP) for both RLC AM and UM.   The value X is not configurable and the exact value is FFS.  

· As in LTE, temporary negative token in LCP to skip segmentation and maximise transmission of data is adopted for NR as well.   

· FFS if in LTE the UE could skip segmentation for one LCH when there is other data for transmission for another LCH that does not require segmentation.  This is handled by the UE implementation.   
In this contribution, we focus on the highlighted FFS. How much overhead is saved and how frequently it happens will be discussed.
2 Analysis
In order to analyze the impact of skipping segmentation, we consider a simple example as shown in Figure 1, which describes the situation properly without loss of generality. The followings are assumptions of the example: 
· M bytes are remaining and allocated for logical channel A as a consequence of LCP and UL scheduling.
· There are one packet with size a1 bytes for logical channel A and one packet with size b1 bytes for logical channel B in the buffer. 

· m: MAC subheader size (2-3 Bytes)
·  r: RLC header (fixed part) size (2-3 Bytes)
· s: SO field size (2 Bytes)
· p: Padding when segmentation is skipped.

· m+r+a1 > M, i.e. segmentation of RLC SDU for LCH A is necessary.

· m+r+b1 ≤ M, i.e. segmentation of RLC SDU for LCH B is not necessary.

According to the FFS during the last meeting, RAN2 has two choices for LCH to be scheduled:

· Option 1: Partial RLC SDU of LCH A is scheduled after segmentation.
· Option 2: A complete RLC SDU of LCH B is scheduled without segmentation.


[image: image1.emf]MAC

Subhdr

RLC

SN

Data

...

Transport Block

Remaining for LCH A (Size=

M

Bytes)

Segmentation 

Required

MAC

Subhdr

RLC

SN

RLC SDU (LCH=B)

size: b

1

bytes

Padding 

Required

a

1

m r

b

1

m r

Transport Block (next)

RLC SDU (LCH=A)

size: a

1

bytes


Figure 1. Example scenario that skipping segmentation and filling the resources by the other logical channel. 
Figure 2 compares the overhead size between two options. In option 1, one MAC subheader, one RLC header (fixed part) and one SO field are additionally attached. In option 2, padding at the end of the transport block appears. In overhead perspective, we can say that skipping segmentation is beneficial if expected padding is less than sum of one MAC header, one RLC header (fixed part) and one SO field. Mathematically, p<m+r+s. Assuming m=2, r=2 and s=2, the size of padding, p, should be less than 6 Bytes for applying option 2. Then, we may save the overhead at most 6 Bytes per transport block, depending on the padding.
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(a) Option 1: segmentation is performed.
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(b) Option 2: segmentation is skipped. 
Figure 2. Overhead comparison between two options
Now we need to study how often this event that option 2 (i.e. skipping segmentation) is beneficial occurs. Based on the analysis above, the required conditions for given M and a1 are as follows:
· RLC PDU of LCH B with MAC subheader fit to the available resource. ( m+r+b1≤M
· Padding is less than the additional L2 header. ( M-(m+r+s)<m+r+b1
For instance, if M=100 bytes are available, the probability that overhead is reduced by skipping segmentation is equal to the probability that the size RLC SDUs of LCH B should be between 91 and 96 Bytes. Assuming uniform packet size distribution on (40 Bytes, 1500 Bytes], the probability becomes (96-91+1)/(1500-40+1)=0.41%. Considering the total transport block size including N PDUs, the expectation of reduced overhead will be decreased to 0.41/N%. This value is a bit small, so does not give a sufficient motivation to allow skipping the segmentation. 
Observation 1. Overhead reduction by skipping segmentation seems not big, compared with complexity.
Moreover, we may encounter a potential risk that a logical channel with cannot be served by LCP. This can occur when packet size of one LCH is pretty smaller than that of the other LCH. Due to many reasons, UE may always receive a very small amount of UL grant to which large packet does not fit whereas the packet of the other LCH does. In this case, one LCH with large packet size may not transmit a data for a long time, which leads to increase the latency, i.e. starvation. To prohibit it, LCP should be further enhanced.
Observation 2. Skipping segmentation requires additional LCP procedure to prohibit the starvation of the logical channel with larger packet size.
Proposal 1. In LCP, allocated resource for a logical channel is not used for any data of the other logical channels.

3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:

Proposal 1. In LCP, allocated resource for a logical channel is not used for any data of the other logical channels.
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