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1 Introduction

In the last RAN2 meeting, RAN2 agreed the following on SO (segment offset)-based segmentation:
SO-based segmentation can be considered for both segmentation and resegmentation as a baseline in NR user plane to support high data rate. (Does not imply anything about location of concatenation). At least overhead for the low data rate case should be analysed further.
In this paper, overhead analysis results of SO-based segmentation compared to FI (Framing Info)-based segmentation will be provided for three cases: high data rate, VoLTE, and TCP ACK.
2 Overhead Analysis
2.1 IP Data Packet
We first analyse the header overhead for IP data packet. In this case, it is assumed that the size of all the PDCP SDUs is 1500 byte, the size of PDCP header is 3 byte (18-bit SN), the size of RLC fixed header is 3 byte (16-bit SN), the size of MAC subheader is 3 byte, the size of SO field is 2 byte, the size of the last MAC subheader is 1 byte, and concatenation in RLC is not used. Table 1 shows the header overhead as TB size increases. Once TB size is determined, the number of SDUs in the TB, N, can be calculated. In typical scenario, there are at most two segmented SDUs in a transport block (TB), i.e., the first SDU and the last SDU include SO fields. In the results, the difference of overheads between FI-based segmentation and SO-based segmentation is small. As TB size increases, the difference between different segmentation schemes will converge to zero.
	　
	FI-based Segmentation
	SO-based Segmentation
	　

	
	
	1 SO
	2 SOs 
	

	TB Size (bit)
	N
	L2 header (Byte)
	Overhead (x)
	L2 header (Byte)
	Overhead (y)
	L2 header (Byte)
	Overhead (z)
	Difference (y-x)
	Difference (z-x)

	1000
	1
	7
	5.60%
	9
	7.20%
	N=1
	1.60%
	N=1

	2000
	1
	7
	2.80%
	9
	3.60%
	N=1
	0.80%
	N=1

	4000
	1
	7
	1.40%
	9
	1.80%
	N=1
	0.40%
	N=1

	8000
	1
	7
	0.70%
	9
	0.90%
	N=1
	0.20%
	N=1

	16000
	2
	16
	0.80%
	18
	0.90%
	20
	1.00%
	0.10%
	0.20%

	32000
	3
	25
	0.63%
	27
	0.68%
	29
	0.73%
	0.05%
	0.10%

	64000
	6
	52
	0.65%
	54
	0.68%
	56
	0.70%
	0.03%
	0.05%

	128000
	11
	97
	0.61%
	99
	0.62%
	101
	0.63%
	0.01%
	0.03%

	256000
	22
	196
	0.61%
	198
	0.62%
	200
	0.63%
	0.01%
	0.01%

	512000
	43
	385
	0.60%
	387
	0.60%
	389
	0.61%
	0.00%
	0.01%

	1024000
	85
	763
	0.60%
	765
	0.60%
	767
	0.60%
	0.00%
	0.00%


Table 2. Header overhead analysis for IP data case
2.2 VoLTE
	We next analyse the header overhead for VoLTE. In this case, it is assumed that the size of all the PDCP SDUs is 35 byte, the size of PDCP header is 1 byte (7-bit SN), the size of RLC fixed header is 1 byte (5-bit SN for UM), the size of MAC subheader is 2 byte, the size of SO field is 1 byte, the size of the last MAC subheader is 1 byte, and concatenation in RLC is not used. Table 2 shows the header overhead as TB size increases for VoLTE case. SO-based segmentation increases header overhead, especially for small TB size. However, due to the small data size, the possibility of segmentation of VoLTE packet is relatively low. Also, the difference between segmentation schemes will converge to zero as TB size increases.
　
	FI-based Segmentation
	SO-based Segmentation
	　

	
	
	1 SO
	2 SOs 
	

	TB Size (Bit)
	N
	L2 header (Byte)
	Overhead (x)
	L2 header (Byte)
	Overhead (y)
	L2 header (Byte)
	Overhead (z)
	Difference (y-x)
	Difference (z-x)

	500
	2
	7
	11.20%
	8
	12.80%
	9
	14.40%
	1.60%
	3.20%

	1000
	4
	15
	12.00%
	16
	12.80%
	17
	13.60%
	0.80%
	1.60%

	1500
	5
	19
	10.13%
	20
	10.67%
	21
	11.20%
	0.54%
	1.07%

	2000
	7
	27
	10.80%
	28
	11.20%
	29
	11.60%
	0.40%
	0.80%


Table 2. Header overhead analysis for VoLTE case
2.3  TCP ACK
	We finally analyse the header overhead for TCP ACK. In this case, it is assumed that the size of all the PDCP SDUs is 52 byte, the size of PDCP header is 2 byte, the size of RLC fixed header is 3 byte, the size of MAC subheader is 2 byte, the size of SO field is 2 byte, the size of the last MAC subheader is 1 byte, and concatenation in RLC is not used. Table 3 shows the header overhead as TB size increases for TCP ACK case. As similar to VoLTE case, SO-based segmentation increases header overhead, especially for small TB size. However, due to the small data size, the possibility of segmentation of TCP ACK is relatively low. Also, the difference between segmentation schemes will converge to zero as TB size increases.
　
	FI-based Segmentation
	SO-based Segmentation
	　

	
	
	1 SO
	2 SOs 
	

	TB Size (Bit)
	N
	L2 header (Byte)
	Overhead (x)
	L2 header (Byte)
	Overhead (y)
	L2 header (Byte)
	Overhead (z)
	Difference (y-x)
	Difference (z-x)

	500
	2
	13
	20.80%
	15
	24.00%
	17
	27.20%
	3.20%
	6.40%

	1000
	3
	20
	16.00%
	22
	17.60%
	24
	19.20%
	1.60%
	3.20%

	1500
	4
	27
	14.40%
	29
	15.47%
	31
	16.53%
	1.07%
	2.13%

	2000
	5
	34
	13.60%
	36
	14.40%
	38
	15.20%
	0.80%
	1.60%

	2500
	6
	41
	13.12%
	43
	13.76%
	45
	14.40%
	0.64%
	1.28%

	3000
	7
	48
	12.80%
	50
	13.33%
	52
	13.87%
	0.53%
	1.07%


Table 3. Header overhead analysis for TCP ACK case
From the overhead analysis above, header overhead of SO-based segmentation was not critically big. For not only large TCP/IP data but also small data transmission such as VoLTE and TCP ACK, the size of SO field is still small.
Observation 1. The header overhead resulted from the SO-based segmentation seems not big. 
Proposal 1. FI-based segmentation can be removed for NR. 
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:
Proposal 1. FI-based segmentation can be removed for NR. 
