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1 Introduction

In RAN2#95bis, there has been a discussion of moving RLC concatenation to MAC layer in order to combine the physical operations of RLC concatenation and MAC multiplexing. One of the main concerns for removing RLC concatenation was the increased header overhead. In this contribution, the header overhead will be discussed and analysed for RAN2 to make a final decision about this issue.
2 Discussion
In LTE, the multiplexing principle makes it possible to efficiently utilize the resource by physically concatenating packets into a transmission unit. However, such a procedure in LTE is actually implemented two times by concatenating RLC SDUs from one logical channel into one RLC PDU in RLC layer and by multiplexing RLC PDUs from different logical channels into one MAC PDU in MAC layer. In this way, MAC PDU carries the information about the same data field in both RLC and MAC (sub-)headers. 
Observation 1. LTE UP stack has similar functions located in different layers, i.e. concatenation in RLC layer and multiplexing in MAC layer.
In addition to this, the RLC concatenation requires input from MAC layer scheduling, i.e. it needs to interact with MAC to construct RLC PDU for each UL grant. After receiving scheduling decision (uplink grant size) and LCP procedure in MAC layer, the RLC concatenation can be performed and should be done within one scheduling cycle. This implies that neither RLC nor MAC layer can do any pre-processing before the grant information. It is hence subject to strict real time processing requirements, especially in the UE side. 
Observation 2. LTE UP stack does not allow the pre-processing procedure of RLC and MAC layer.
As NR is targeting for very high data rate and low latency [1], the processing time available for both transmitter and receiver may be very limited compared with the amount of data for transmission. It is hence important that L2 protocol functions in NR should be simplified and processing-power-friendly designed. In this respect, removing RLC concatenation has some advantages as follows:

1. Simplify the L2 protocol functionality by removing the duplicated procedure, i.e. MAC multiplexing can replace RLC concatenation.
2. Enable the pre-processing procedure of both RLC and MAC layer.

3. Reduce the processing time by applying the fixed-size header. 

The above benefits are described in detail in [2]. The main drawback of this approach is that there will be more RLC PDUs compared with those of LTE, which results in more overhead associated with (sub-)headers. To investigate this, we analyse the impacts at RLC compared to concatenation at MAC in view of header overhead in the following section.
3 Header overhead analysis
As mentioned in the above, if we remove RLC concatenation, the main drawback may be the overhead associated with (sub-)headers since the number of RLC PDUs is much larger than that of LTE. In this section, we compare the following option 1 and option 2:

Option 1. To keep LTE RLC concatenation 

Option 2. To remove LTE RLC concatenation

to investigate whether the overhead is really significant or not. Three cases are considered, i.e. an uplink high data rate case, a VoLTE case, and a TCP ACK case.
3.1  Uplink high data rate case
We first analyse the header overhead for an uplink high data rate case. 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 length of LI field is 1.5 byte, the size of MAC sub-header is 3 byte, the size of the last MAC sub-header is 1 byte, and the uplink grant is large enough. Table 1 shows the header overhead as the number of IP packets (denoted as N) goes larger.
	
	Option 1
	Option 2
	(Byte)

	N
	L2 header
	Payload
	Overhead (x)
	L2 header
	Payload
	Overhead (y)
	Difference (y-x)

	1
	7
	1500
	0.4645%
	7
	1500
	0.4645%
	0.0000%

	2
	12
	3000
	0.3984%
	16
	3000
	0.5305%
	0.1321%

	4
	21
	6000
	0.3488%
	34
	6000
	0.5635%
	0.2147%

	8
	39
	12000
	0.3239%
	70
	12000
	0.5800%
	0.2560%

	16
	75
	24000
	0.3115%
	142
	24000
	0.5882%
	0.2767%

	32
	147
	48000
	0.3053%
	286
	48000
	0.5923%
	0.2870%

	64
	291
	96000
	0.3022%
	574
	96000
	0.5944%
	0.2922%

	128
	579
	192000
	0.3007%
	1150
	192000
	0.5954%
	0.2947%

	256
	1155
	384000
	0.2999%
	2302
	384000
	0.5959%
	0.2960%

	512
	2307
	768000
	0.2995%
	4606
	768000
	0.5962%
	0.2967%

	1024
	4611
	1536000
	0.2993%
	9214
	1536000
	0.5963%
	0.2970%

	2048
	9219
	3072000
	0.2992%
	18430
	3072000
	0.5964%
	0.2972%

	4096
	18435
	6144000
	0.2992%
	36862
	6144000
	0.5964%
	0.2972%

	8192
	36867
	12288000
	0.2991%
	73726
	12288000
	0.5964%
	0.2973%

	16384
	73731
	24576000
	0.2991%
	147454
	24576000
	0.5964%
	0.2973%

	32768
	147459
	49152000
	0.2991%
	294910
	49152000
	0.5964%
	0.2973%


Table 1. Header overhead analysis for an uplink high data rate case

As expected, the total size of L2 header of Option 2 is larger than that of Option 1, i.e. by about 2 times. However, the header overhead becomes saturated as the number of IP packets goes larger and the increased header overhead is only 0.2973%, which seems marginal.
Observation 3. In the uplink high data rate case, the header overhead resulted from the removal of RLC concatenation seems not big. 
3.2  VoLTE case
We next analyse the header overhead for an VoLTE case. 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 in RLC UM mode), the length of LI field is 1.5 byte, the size of MAC sub-header is 2 byte, the size of the last MAC sub-header is 1 byte, and the uplink grant is large enough. Table 2 shows the header overhead as the number of IP packets (denoted as N) goes larger.

	
	Option 1
	Option 2
	

	N
	L2 header
	Payload
	Overhead (x)
	L2 header
	Payload
	Overhead (y)
	Difference (y-x)

	1
	3
	35
	7.8947%
	3
	35
	7.8947%
	0.0000%

	2
	6
	70
	7.8947%
	7
	70
	9.0909%
	1.1962%

	4
	11
	140
	7.2848%
	15
	140
	9.6774%
	2.3927%

	8
	21
	280
	6.9767%
	31
	280
	9.9678%
	2.9911%


Table 2. Header overhead analysis for a VoLTE case

As expected, the total size of L2 header of Option 2 is larger than that of Option 1, i.e. by about 1.48 times. However, the increased header overhead is 2.9911%, which seems not critical.
Observation 4. In the VoLTE case, the header overhead resulted from the removal of RLC concatenation seems not big. 
3.3  TCP ACK case
We finally analyse the header overhead for a TCP ACK case. 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 length of LI field is 1.5 byte, the size of MAC sub-header is 2 byte, the size of the last MAC sub-header is 1 byte, and the uplink grant is large enough. Table 3 shows the header overhead as the number of IP packets (denoted as N) goes larger.

	
	Option 1
	Option 2
	

	N
	L2 header
	Payload
	Overhead (x)
	L2 header
	Payload
	Overhead (y)
	Difference (y-x)

	1
	6
	52
	10.3448%
	6
	52
	10.3448%
	0.0000%

	2
	10
	104
	8.7719%
	13
	104
	11.1111%
	2.3392%

	4
	17
	208
	7.5556%
	27
	208
	11.4894%
	3.9338%

	8
	31
	416
	6.9351%
	55
	416
	11.6773%
	4.7422%

	16
	59
	832
	6.6218%
	111
	832
	11.7709%
	5.1492%

	64
	227
	3328
	6.3854%
	447
	3328
	11.8411%
	5.4557%

	256
	899
	13312
	6.3261%
	1791
	13312
	11.8586%
	5.5325%

	1024
	3587
	53248
	6.3113%
	7167
	53248
	11.8629%
	5.5517%


Table 3. Header overhead analysis for a TCP ACK case

As expected, the total size of L2 header of Option 2 is larger than that of Option 1, i.e. by about 2 times. However, the header overhead becomes saturated as the number of IP packets goes larger and the increased header overhead is 5.5517%, which seems not bad.
Observation 5. In the TCP ACK case, the header overhead resulted from the removal of RLC concatenation seems not big. 
For the above reasons, the header overhead resulted from removing RLC concatenation seems not critical. Therefore, it is proposed to agree on the principle of not applying RLC concatenation for NR UP protocol stack.
Proposal 1. RLC concatenation should be removed for NR UP protocol stack. 

4 Conclusion

In this contribution, we provide our analysis on the header overhead and ask RAN2 to discuss the following proposal:
Proposal 1. RLC concatenation should be removed for NR UP protocol stack. 
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