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1 Introduction

The email discussion [95#26] was held to identify the impacts of concatenation at RLC compared to concatenation at MAC, with its report in [1]. In this email discussion, RAN2 have also discussed several MAC PDU structures, e.g. one MAC sub-header per MAC SDUs, dispersed MAC sub-headers, MAC sub-headers at the end of MAC PDU, and so on. In this contribution, these MAC PDU structures are analysed and discussed. 
2 Discussion
The SI on New Radio Access Technology has started and aims to study NR access technologies to meet a wide range of use cases and requirements. The requirements seem enormously higher than what can be achieved by LTE today. In NR, the target for peak data rate should be 20Gbps for downlink and 10Gbps for uplink. Moreover, the target for user plane latency should be 4ms for eMBB and 0.5ms for URLLC [2]. As NR is targeting for high data rate and low latency, the processing time might be very limited compared with the amount of data to be transmitted, i.e. supporting high peak data rate and stringent processing time becomes a challenge for implementation. 
In this respect, the MAC PDU structure for NR needs to be designed in the light of processing time while RAN2 mainly focused on protocol overhead and low residual loss rate in the beginning of LTE. In the email discussion [1], RAN2 have already discussed the MAC PDU structure for NR to some extent. The results can be summarized in the below table:

	Alternatives
	RLC
	MAC

	
	Concatenation
	Separate SN for RLC and PDCP
	Concentrated LI
	Sub-header per
	Concentrated 
sub-headers
	Location of

sub-headers

	LTE baseline
	Yes
	Yes
	Yes
	MAC SDU
	Yes
	Front

	Alt 1
	No
	Yes
	N/A
	MAC SDU
	Yes
	Front

	Alt 2
	No
	Yes
	N/A
	Logical channel
	Yes
	Front

	Alt 3
	No
	Yes
	N/A
	MAC SDU
	No
	Front

	Alt 4
	No
	No
	N/A
	MAC SDU
	No
	Front

	Alt 5
	No
	No
	N/A
	MAC SDU
	Yes
	Front

	Alt 6
	No
	No
	N/A
	MAC SDU
	No
	Front

	Alt 7
	No
	No
	N/A
	Logical channel
	Yes
	Front

	Alt 8
	Yes
	Yes
	Yes
	MAC SDU
	Yes
	Rear

	Alt 9
	Yes
	Yes
	No
	MAC SDU
	Yes
	Front


Table 1. Summary of the email discussion [1]

In Table 1, the differences between alternatives can boil down to the following three issues:
1. Whether one MAC sub-header is generated per one MAC SDU or per a group of MAC SDUs
2. Whether MAC sub-headers are placed together or placed adjacent to the corresponding MAC SDUs.

3. Whether MAC sub-headers are placed in the front of MAC SDUs or at the rear of MAC SDUs

To investigate the above, we analyse the impacts of each MAC PDU structure in view of overhead and processing time in the following sub-sections.
2.1  One MAC sub-header per one MAC SDU
In this sub-section, we consider two options to discuss whether one MAC sub-header is generated per one MAC SDU or per a group of MAC SDUs as follows:
Option 1. One MAC sub-header per one MAC SDU (one LCID + one L-field per one MAC SDU)

Option 2. One MAC sub-header per a group of MAC SDUs (one LCID + one L-field for the group + one L-field per one MAC SDU)
The option 1 is the same as in LTE while the option 2 has a group of MAC SDUs per one logical channel and thus includes LCID only one time per a group of MAC SDUs. The option 2 has an advantage to reduce the header overhead as much as the product of the size of LCID and the number of RLC PDUs minus 1 (The header overhead is reduced only if the number of RLC PDUs is equal to or more than 2, i.e. there is no benefit for Option 2 in current LTE UP stack). This benefit could be maximized if RLC concatenation is removed since the number of RLC PDUs becomes much larger than that of LTE. Now, we analyse the above options in view of header overhead to verify whether the option 2 has a significant gain or not in three scenarios, e.g. a high data rate scenario, a VoIP case, and a TCP ACK case.
2.1.1 High data rate case
We first analyse the header overhead for a high data rate case. In this case, it is assumed that RLC concatenation is removed,  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 sub-header is 3 byte(LCID + L-field), and the size of L-field is 2 byte. Table 2 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
	9
	1500
	0.5964%
	11
	1500
	0.7280%
	0.1316%

	10
	90
	15000
	0.5964%
	83
	15000
	0.5503%
	- 0.0461%

	100
	900
	150000
	0.5964%
	803
	150000
	0.5325%
	- 0.0639%

	1000
	9000
	1500000
	0.5964%
	8003
	1500000
	0.5307%
	- 0.0657%

	10000
	90000
	15000000
	0.5964%
	80003
	15000000
	0.5305%
	- 0.0659%


Table 2. Header overhead analysis for a high data rate case

As expected, the option 2 has a benefit only if the number of RLC PDUs is equal to or more than 2 and the total size of L2 header of Option 2 is smaller than that of Option 1, i.e. by about 0.89 times. However, the decreased header overhead is only 0.0659%, which seems trivial.
Observation 1. In the high data rate case, the decreased header overhead from Option 2 seems not big. 
2.1.2 VoIP case
We next analyse the header overhead for a VoIP case. In this case, it is assumed that RLC concatenation is removed, 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 size of MAC sub-header is 2 byte(LCID + L-field), and the size of L-field is 1 byte. Table 3 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
	4
	35
	10.2564%
	5
	35
	12.5000%
	2.2436%

	2
	8
	70
	10.2564%
	8
	70
	10.2564%
	0.0000%

	3
	12
	105
	10.2564%
	11
	105
	9.4828%
	- 0.7737%

	4
	16
	140
	10.2564%
	14
	140
	9.0909%
	- 1.1655%

	5
	20
	175
	10.2564%
	17
	175
	8.8542%
	- 1.4022%


Table 3. Header overhead analysis for a VoIP case

As expected, the option 2 has a benefit only if the number of RLC PDUs is equal to or more than 2 and the total size of L2 header of Option 2 is smaller than that of Option 1, i.e. by about 0.85 times. However, the decreased header overhead is only 1.4022%, which seems marginal. Moreover, the most typical case for the VoIP service has a single VoIP packet per one MAC PDU, which makes the option 2 increase the header overhead.
Observation 2. In the VoIP case, the decreased header overhead from Option 2 seems not big. 
2.1.3 Compressed TCP ACK case

We finally analyse the header overhead for a compressed TCP ACK case. In this case, it is assumed that RLC concatenation is removed, the size of all the PDCP SDUs is 10 byte, the size of PDCP header is 2 byte, the size of RLC fixed header is 3 byte, the size of MAC sub-header is 2 byte(LCID + L-field), and the size of L-field is 1 byte. Table 4 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
	10
	41.1765%
	8
	10
	44.4444%
	3.2680%

	10
	70
	100
	41.1765%
	62
	100
	38.2716%
	- 2.9049%

	100
	700
	1000
	41.1765%
	602
	1000
	37.5780%
	-3.5984%

	1000
	7000
	10000
	41.1765%
	6002
	10000
	37.5078%
	-3.6687%

	10000
	70000
	100000
	41.1765%
	60002
	100000
	37.5008%
	-3.6757%


Table 4. Header overhead analysis for a compressed TCP ACK case

As expected, the option 2 has a benefit only if the number of RLC PDUs is equal to or more than 2 and the total size of L2 header of Option 2 is smaller than that of Option 1, i.e. by about 0.86 times. Considering the high data rate case and the VoIP case, Table 4 in this case shows that the option 2 has better gain. However, the decreased header overhead is 3.6757%, which seems not impressive. 
Observation 3. In the compressed TCP ACK case, the decreased header overhead from Option 2 seems not big. 
Based on the above analysis, we can conclude that the option 2 doesn’t have non-trivial gain compared to the option 1 and there is no motivation for taking the option 2. 
Proposal 1. One MAC sub-header should be generated per one MAC SDU in NR as in LTE.
2.2  Dispersed MAC sub-headers

In this sub-section, we consider two options to discuss whether MAC sub-headers are placed together or placed adjacent to the corresponding MAC SDUs as follows:

Option 1. Concentrated MAC sub-headers

Option 2. Dispersed MAC sub-headers 
The above options of the MAC PDU structure are closely related to how to perform the user plane data processing. It should be designed processing-friendly since supporting high peak data rate and stringent processing time for NR becomes a challenge for implementation as mentioned in Section 2. One example of Option 1 is the current LTE MAC PDU structure. In this structure, the transmitter should wait for the last MAC SDU to generate the corresponding MAC sub-header before it can start pushing the MAC PDU to the PHY. This requires the MAC layer to keep theses MAC SDUs until the whole MAC PDU is ready. However, the option 2 enables the MAC layer to immediately push each processed MAC sub-header and MAC SDU to the PHY layer and to keep no memory for the MAC SDUs within the same MAC PDU. This can relax the memory requirements during processing since the MAC does not need to form the entire PDU before forwarding it to the PHY. Moreover, the option 2 is beneficial to use a hardware accelerator as described in [3]. Since the hardware acceleration has a better performance for repetitive and intensive work, the option 2 is more suitable for accelerating the processing of MAC layer than the option 1, i.e. the option 2 has a repetitive structure just like MAC sub-header 1, MAC SDU 1, MAC sub-header 2, MAC SDU 2, MAC sub-header 3, MAC SDU 3, and so on. If we assume the removal of RLC concatenation, the option 2 will have additional benefits at the transmitter side and the receiver side. By taking the option 2, the pre-computation of MAC layer at the transmitter side can be performed and the MAC layer can start forwarding the pre-constructed MAC sub-headers and MAC SDUs to PHY before the whole MAC PDU is generated. At the receiver side, the option 2 also enables the hardware accelerator to perform repetitive and intensive works. In this respect, the option 2 is preferred to meet the strict processing time for NR. 
Proposal 2. The dispersed MAC sub-headers should be considered for NR, i.e. one MAC sub-header is placed adjacent to the corresponding MAC SDU or MAC CE.

2.3  The placement of MAC sub-headers

In this sub-section, we discuss whether MAC sub-headers are placed in the front of MAC SDUs or at the rear of MAC SDUs. If RAN2 agree on Proposal 2, this issue would not be valid anymore and then the question would be whether MAC sub-header is placed ahead of the corresponding MAC SDU/MAC CE or placed at the rear of the corresponding MAC SDU/MAC CE. However, if the MAC sub-headers are dispersed, there seems no motivation to place the MAC sub-header at the rear of MAC SDU. 
Proposal 3. The MAC sub-header should be placed in the front of the corresponding MAC SDU or MAC CE.
3 Conclusion

In this contribution, we provide our view on the MAC PDU structure for NR and ask RAN2 to discuss the following proposal:
Proposal 1. One MAC sub-header should be generated per one MAC SDU in NR as in LTE.
Proposal 2. The dispersed MAC sub-headers should be considered for NR, i.e. one MAC sub-header is placed adjacent to the corresponding MAC SDU or MAC CE.

Proposal 3. The MAC sub-header should be placed in the front of the corresponding MAC SDU or MAC CE.
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