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1
Introduction
In RAN2#89bis meeting, the following agreements were approved based on the discussion of [1]:
	Agreements
1
RAN2 intends to enhance the L2 UP protocols (PDCP, RLC, MAC) so that they can accommodate for the increased L1 bit rate achieved by adding more carriers. 




And in RAN2#90 meeting, the following agreements were approved [2]:

	Agreements
=>  Ci field is fixed 4 bytes.
=>
Same Ci field format is used for both PHR MAC CE and AD MAC CE 


It is seen that only the enhancement addressing B5C was approved.
In this paper, we further discuss how to perform enhancement for the increased L1 bit rate (up to 25Gbps) achieved by adding more carriers.
2
Discussion
2.1
Extending the length of L field in MAC
According to [3][4], the maximum TBS for 110 PRBs and four layers reaches 391656 bits. This  means that the maximum size of a MAC SDU is about 391656bits = 48957Bytes, which needs 16bits L field. So the length of L field should be extended. 
There are 2 options to extend L field:

· Option1(figure a): Extend L field to 23bits directly by adding one Byte 
· Option2(figure b): Extend L field to 16bits by combine the current F field into L fields
For option1, new methods are needed to indicate the extended L fields, because, in current specification, F field can only indicate whether the SDU is less than 128bytes, wherein, F=0 indicates the SDU is less than 128bytes which is associated with 7bit L field, and F=1 indicates the SDU is larger than 128bytes which is associated with 15bit L field.
For option2, new methods are also needed to indicate the extended L fields, because the traditional F field cannot be used any more. For both option1 and option2, there are also 2 possible solutions to indicate an L field longer than 15bits (either 23bits or 16bits):

· Solution 1: Pre-configure the length of L field by RRC

· Solution 2: Indicate the length of L field by a R bit in the MAC subheader 
If RRC is used to configure the length of L field, it may lead to unnecessary overhead when the size of SDU does not need the extended L field. So it seems that using one R bit to indicate is better. The possible subheads are shown as follows for 23bit L field and 16bit L fields respectively:
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Because the calculation of TB size is based on 20MHz bandwidth and 256QAM modulation, if there is no extension on the bandwidth and/or 256QAM modulation, it seems 16bits L field is enough because 23bit L field will cause more overhead. 
Proposal1: 16bit L field in MAC PDU is introduced and an R bit is used to indicate the exact length of L field.
2.2
Extending the length of RLC SN and SO
RLC SN should be extended according to current requirement, forward compatibility and PDU format requirement showing in [1]. It seems that 18bit SN can meet all above requirements, for UMD PDUs, AMD PDUs and AMD PDU segments.
Similar to the configuration for SN length of UMD PDU (5bits/10bits), the new length should be configured by RRC.
Proposal2: 18bit RLC SN is introduced and new formats for UMD PDUs, AMD PDUs and AMD PDU segments with 18bit RLC SN is introduced and is configured by RRC.
The SO field defined in [5] indicates the position of the AMD PDU segment in bytes within the original AMD PDU, and the current length of SO is 15bits. Specifically, the SO field indicates the position within the Data field of the original AMD PDU to which the first byte of the Data field of the AMD PDU segment corresponds to. Normally, the length of SO is equal to the length of L field in a MAC PDU, assuming only one RLC PDU belonging to a radio bearer is included in a MAC PDU in one TTI.
If L field in MAC PDU is extended, then the length of SO shall be also extended.

In current specification, SO is fixed to 15bits, so there is no need to indicate the length of SO. However, if another length is introduced, a configuration or indication is necessary to indicate how long the SO is.
Because there is no R bit in current AMD PDU format, so it seems to using configuration is easier.
Proposal3: 16bit length of SO is introduced and is configured by RRC.

2.3
Extending the length of PDCP SN

The next issue is how long the PDCP SN should be extended to. It seems 18bit is enough for 10ms~50ms PDCP RTT. However, in one hand, the PDCP RTT may be longer than 50ms, which may need longer length of PDCP SN than 18bit.  In another hand, the format of User plane PDCP Data PDU [6] with 7bit/12bit/15bit SN is all octet aligned currently, in addition, forward compatibility may be needed to consider. So the actual length should consider above three aspects. Similar to the format of 15bit SN, a new format is introduced and wherein one more octet is added, i.e. 23bit SN is introduced. The following figure shows the new introduced format for User plane PDCP Data PDU with 23bit SN.
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Fig. 1 User plane PDCP Data PDU with 23bit SN
Proposal4: 23bit PDCP SN is introduced and a new format for User plane PDCP Data PDU with 23bit SN is introduced and configured by RRC.
3
Proposal
In this paper, we discuss the possible standard impacts caused by possible peak data rate for up to 32 carriers. Based on above discussion, we propose:
Proposal1: 16bit L field in MAC PDU is introduced and an R bit is used to indicate the exact length of L field.
Proposal2: 18bit RLC SN is introduced and new formats for UMD PDUs, AMD PDUs and AMD PDU segments with 18bit RLC SN is introduced and is configured by RRC.
Proposal3: 16bit length of SO is introduced and is configured by RRC.
Proposal4: 23bit PDCP SN is introduced and a new format for User plane PDCP Data PDU with 23bit SN is introduced and configured by RRC.
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