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1 Introduction

Support carrier aggregation for more than 5 carriers implies a significant boost on the achievable throughput. In principle, a UE category 14, capable in DL of a maximum transport block size of 391656 bits on a single carrier, can achieve 25 Gbps by employing 32 carriers and considering two transport blocks transmitted on the same TTI.
Such new L1 throughput limit poses new challenges to L2 header formats that might not be able to support it.
For this reason, as proposed in [1], during the last RAN2#89-bis meeting it was agreed the following:

	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. 




2 Discussion
In this paper, we review current L2 UP protocols limitations and propose a new appropriate dimensioning to cope with the increased L1 capacity.  
2.1 MAC aspects
In MAC specification, the size of the MAC SDU in bytes is indicated in the L field of the MAC subheader. Because the size of the L field is 15 bits, the maximum supported MAC SDU size is 32767 octets. Taking the highest UE category as benchmark, i.e. UE category 14, the maximum size of the transport block provided by the physical layer is 391656 bits, i.e. 48957 octets. This inconsistency is visible even with lower UE categories, e g. UE category 8 standardized in Rel.10.

In order to fill the transport block, one solution would be that the MAC layer concatenates more than a single MAC SDU for one logical channel.  Allowing the concatenation of more than one RLC PDU per logical channel and transport block has the consequence to increase the rate of RLC PDUs and, hence, the RLC SNs space would need to be extended. Although this solution is in principle allowed by current specification, the intention is in general to have only one new RLC PDU per logical channel per transport block as agreed in RAN2#59-bis [2]. 

	Agreements:

=> LCID will be 5 bits

=> Order of the header fields is LCID, E,L

=> If the E bit set to 0, the first MAC SDU will start at the next byte.

=> No D/C field

=> The MAC protocol should be optimised for having only 1 new RLC PDU per logical channel per TB (one new SN).
=> MAC subheader shall be byte aligned


This agreement means that concatenation should happen in the RLC layer, not MAC layer. One reason for this design principle adopted in Rel-8 is that RLC SN numbers may come limiting. In case RLC SNs is not extended, the number of possible HARQ retransmissions would need to be reduced to avoid running out of RLC sequence numbers and ending up in RLC SNs ambiguity. Moreover, having multiple RLC PDUs per transport block also implies increasing the MAC processing and overhead both in the network and UE implementation. 

Instead, extending the MAC L field minimizes the segmentation and multiplexing of data and consequently protocol overhead. Furthermore, it seems logical to perform these protocol adaptations in order to be consistent with the L1 throughput limit of 391656 bits per carrier per transport block. From above considerations, it seems reasonable to extend the MAC L-field by 1 bit, so that the new the maximum supported MAC SDU size will be 65535 octets that is enough to support the maximum size of the transport block provided by the physical layer, i.e. 48957 octets. 
Proposal 1 The MAC L-field is extended to 16 bits.
In the MAC header, there are reserved bits. These can be used for L-field extension meaning that there is no additional overhead of this extension. In addition, the R bit can added as the most significant bit to the L field meaning that there is no need to change position of the other octets in the header. Details how this is done can be seen in the companion CR proposal [3].
Proposal 2 Use reserved bit (R bit) in the MAC subheader for L field extension and maintain the current structure of the octets in the header.
2.2 RLC aspect
The RLC SO (Segmentation Offset), SOstart and SOend fields are limiting re-segmentation of large RLC PDUs. The current SO field is 15 bits mirroring the size of the MAC L field. Therefore in order to be compliant with the above Proposal 1 and allow RLC to build larger RLC PDUs thereby limiting the MAC processing and overhead, we propose the following.

Proposal 3 The RLC SO-, SOstart- and SOend-field is extended to 16 bits.

The RLC SN space is 10 bits and has thus 1024 values available. This means that when RLC SN reaches 511, the receiving window is full. Considering the maximum transport block size of 391656 bits, i.e. 48957 octets, and the new maximum supported MAC SDU size of 65535 octets proposed in Proposal 1 and Proposal 2, it can be assumed that one new RLC PDU is generated per serving cell and for each of the two transport blocks. Accordingly, the number of RLC PDUs generated per TTI is 1*32*2 = 64. 
Therefore, the available RLC SNs may run out after 511/64 ≈ 8ms, i.e. 1 HARQ RTT. This dimensioning is obviously not feasible since it basically does not allow for any HARQ retransmission. Considering that maximum 5 carriers can be aggregated today, the available RLC SNs would run out after 511/(1*5*2) = 51.1ms. Therefore, assuming that the MAC L-field is extended to 16bits, in order to have approximately the same performances as in legacy, we would need to extend RLC SN to 13 bits which amounts to 4095/(1*32*2) ≈ 64ms. 
Proposal 4 Assuming that the MAC L-field is extended to 16bits, 
the RLC SN-field is extended to 13 bits.

In case the MAC L-field is not extended, a higher value of the RLC SN-field shall be supported. However, given the above discussion, we believe that both the extension of the MAC L-field and RLC SN-, SO-, SOstart- and SOend field improve MAC/RLC protocol performances in the enhanced carrier aggregation scenario.

Proposal 5 The extended MAC L-field and the extended RLC SN-, SO-, SOstart- and SOend shall be jointly used in order to support maximum achievable throughput.
Details of the new proposed MAC protocol design can be found in the companion CR [4].
2.3 PDCP limitations
Current PDCP supports PDCP SDUs of size up to 8188 octets, which results in a maximum PDCP Data PDU size of 8190 octets including the header.  However, typically the packets provided by higher layers are smaller, e.g. the maximum transmission unit (MTU) of IPv4-packet is 1500 bytes.

The PDCP SN space is 15 bits, meaning that 32767/2 = 16384 PDUs can be brought in flight. With an IP MTU of 1500 bytes this corresponds to 16384*1500*8 ≈ 197 Mb. Assuming a PDCP RTT of 25ms, this limits the theoretical throughput to (197 Mb / 0.025 s) ≈ 7.8 Gbps. Therefore with current setup, PDCP would not be able to cope with the L1 throughput of 25 Gbps without risk of PDCP SNs ambiguity. Accordingly, we would need to extend PDCP SN-field to 17 bits that can accommodate up to 65536*1500*8 / 0.025 ≈ 31.5 Gbps. However, since the RTT can be longer and in order to align the octets with the current PDCP format, it is reasonable to extend the PDCP SN-field to 23 bits.
Proposal 6 The PDCP SN-field shall be extended to 23 bits.
Details of the new proposed PDCP protocol design can be found in the companion CR [5].
3 Conclusion

Based on the above discussion, we propose the following:
Proposal 1
The MAC L-field is extended to 16 bits.
Proposal 2
Use reserved bit (R bit) in the MAC subheader for L field extension and maintain the current structure of the octets in the header.
Proposal 3
The RLC SO-, SOstart- and SOend-field is extended to 16 bits.
Proposal 4
Assuming that the MAC L-field is extended to 16bits, 
the RLC SN-field is extended to 13 bits.
Proposal 5
The extended MAC L-field and the extended RLC SN-, SO-, SOstart- and SOend shall be jointly used in order to support maximum achievable throughput.
Proposal 6
The PDCP SN-field shall be extended to 23 bits.
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