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1
Introduction
RAN2 agreed to enhance the L2 UP protocols in the RAN2 meeting (RAN2#89bis) as follows [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. 



In this contribution, we discuss the enhancements for MAC, RLC and PDCP headers to support the higher data rate due to more component carriers for CA.

2
Discussion
2.1
MAC header
The addition of more component carriers as such does not require any change s to MAC header: However, current 15 bit L field in the MAC header does not support the largest possible Transport Block Size (TBS) specified in TS 36.213, at least 16 bit L field is needed.
Current MAC header contains two reserved bits that can be used here to extend the L field to 16 bits.

Proposal 1: Extend MAC L field to 16 bits by making use of one R bit in the MAC header (i.e., no additional byte is needed).

The RLC segment offset (SO) field needs to be extended to 16 bits as well when the largest allowed RLC PDU size increases.
2.2
RLC header
The number of RLC PDUs transmitted per TTI increases when the number of component carriers is increased. Therefore, the existing RLC SN is not long enough (the RLC window size with 10 bit SN is only 512) and has to be extended.
For UMD PDU with 10 bit SN there are 3 reserved bits that can be used to extend the SN to 13 bits. For RLC UM this should be enough since RLC window only needs to cover HARQ retransmissions. 

Proposal 2: Extend UMD PDU SN to 13 bits by using the reserved bit.

For faster processing the FI and E fields should be moved to the beginning of the header (in the similar way as for 5 bit SN).
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Figure 1: UMD PDU with 13 bit SN (No LI)

For AMD PDU with 10 bit SN, there are no reserved bits and the header has to be extended by one byte. For RLC AM, 13 bits may not be enough to give large enough RLC window size due to RLC retransmissions in addition to HARQ retransmissions. Again for faster processing we propose to extend the AMD PDU SN to 16 bits and use two full octets for it and place the two reserved bits in the first octet.
Proposal 3: Extend AMD PDU SN to 16 bits, i.e., to two full octets.
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Figure 2: AMD PDU with 16 bit SN (No LI)

As indicated above in the MAC section RLC segment offset has to be extended to 16 bits when MAC L-field is extended.

Proposal 4: Extend RLC Segment offset (SO) to 16 bits.

With 16 bit SN and 16 bit SO and by using one of the newly defined reserved bits for LSF, the AMD PDU segment with 16 bit SN becomes implementation friendly, i.e., both SN and SO occupy two full octets.
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Figure 3: AMD PDU segment with 16 bit SN and with extended SO field (No LI)

Furthermore, a new STATUS PDU format has to be defined for 16 bit SN (extend ACK_SN and NACK_SN to 16 bits) and extended SO (extend SOstart and SOend to 16 bits).
2.3
PDCP header

Due to the increased peak data rate with up to 32 component carriers, 15 bit PDCP SN is not enough. 18 bits would probably be enough at this stage but since there are no reserved bits in the PDCP header, a new byte has to be added to the header anyway. Therefore, it makes sense to use even the full byte to extend the SN to 23 bits.
Proposal 5: Extend PDCP SN to 23 bits by adding new byte into PDCP header.
4
Conclusions
We discussed the needed extensions to MAC/RLC/PDCP headers and propose the following:
Proposal 1: Extend MAC L field to 16 bits by making use of one R bit in the MAC header (i.e., no additional byte is needed).

Proposal 2: Extend UMD PDU SN to 13 bits by using the reserved bit.

Proposal 3: Extend AMD PDU SN to 16 bits, i.e., to two full octets.

Proposal 4: Extend RLC Segment offset (SO) to 16 bits.

Proposal 5: Extend PDCP SN to 23 bits by adding new byte into PDCP header.

Draft CR for RLC spec is given in [2].
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