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Discussion
1
Introduction
Several improvements are planed for LTE-Advanced (e.g. relays, enhanced MIMO, more flexible BW aggregation, CoMP). In most of these improvements, the RLC and PDCP should not be affected as much as lower protocol layers, but some improvements are necessary or at least desirable. Here we consider some minimum set of improvements to enable targets planned for LTE-A. The need for additional enhancements for e.g. advanced CoMP or relay schemes are not considered in this paper.
This paper does not consider the Rel-9 items like location or emergency calls.
2
Improvements
2.1
Shortening the transmission delays

The maximum transmission delay in IMT-Advanced requirements is 10 ms and it is defined to be the IP packet transmission time over the radio interface in the active mode. The delay analysis carried out for Rel-8 [6] shows that no improvements need to be made provided that certain assumptions are made for the HARQ operating point and resource allocation, for instance. In spite of this, improvements in the transmission delay should be studied again for the LTE-A as shorter transmission delays are generally useful if they can be implemented without notable sacrifices.
The development in the signal processing technology will probably make the processing in RLC [3] and PDCP [4] faster without increasing the manufacturing cost. This would result in shorter transmission delays when resources for the transmission have not been readily allocated or when RLC ARQ retransmissions are needed.
2.2
Support for increased rate of PDUs

The improvements in the MIMO schemes and carrier aggregation will increase the number of the RLC and PDCP PDUs per TTI, so the window sizes of these sublayers must also be increased. It is impossible to give exact figures yet, but the sequence number fields in RLC and PDCP PDU headers must probably be extended by at least 4 bits for LTE-A if we assume 5 component carriers (CCs) and twice the amount codewords for MIMO, which results into ten times the number of transport blocks in a TTI.
The number of MAC PDUs per TTI will also increase the depth of the out-of-sequence delivery in RLC. This is visible also at PDCP in handovers. The sequence numbers that are necessary in the reordering functionality must thus be extended by a few bits, as the reduced ones used in UM transfer in Rel-8 are too small.

In addition to the data PDU headers, the extended sequence numbers naturally affect the RLC and PDCP status reports as well.

2.3
Support for increased PDU sizes

The transport blocks will grow significantly compared to Rel-8, so the length-related fields in the RLC PDU headers must be increased by a few bits. The fields affected are the length indicators in RLC AMD PDUs, and RLC AMD PDU segments, the segment offsets in the RLC AMD PDU segments and RLC status reports.
The RLC SDUs are not necessarily larger than the currently typical 1500 bytes used in high volume traffic nowadays. However, the speed optimization of the networks may cause an increase in the typical large IP block size up to about 64 Kbytes, the native maximum block size of both IPv4 and IPv6. Therefore, it may be appropriate to increase the length indicators of the RLC segmentation header from the 11 bits used now in LTE to at least 14 bits and may be up to 16 bits to minimize the segmentation overhead.
2.4
Alleviating the increasing processing load

Furthermore, VoiP optimizations in LTE-A are possibly less important than in LTE. Simplifications in the PDU formats and L2 procedures may thus be possible. For instance, the size-optimized RLC PDU for VoIP could be omitted.
2.5
Security

Integrity protection is required also for the user plane in IMT-Advanced. This roughly doubles the security processing requirements for the user plane security compared to LTE if the integrity protection algorithm is assumed to be as heavy as the ciphering algoritm. If the algorithms are designed carefully, it may be possible to run the confidentiality and integrity protection algorithms in parallel, so the processing and transmission delays would not be affected.
2.6
Interruption time at handover
The handover interruption times LTE-A may be different from LTE. Although minimizing the interruption time is of major importance, some new features, such as relay nodes, might make it longer than in Rel-8. This may have an impact on the requirements of the PDCP sequence number range if the differences are substantial.
2.7
Relay nodes

Some relay node architecture options would have a very significant influence on the L2 procedures, but it seems that those alternatives are currently not the most probable ones. The different approaches would affect different parts of L2, so it would be premature to analyze the relay node requirements on the L2 in this document.
3
Conclusion
This paper presented a list of improvements that are considered conceivable for LTE-A. They stem from the need to support significantly higher data rates and the desire of allowing simpler (and therefore faster) processing. It is proposed that these subjects are discussed and included in the plans for further study.
· Although LTE already fulfils the transmission delay requirement of LTE-A, possibilities to shorten the delays could be considered for LTE-A to enhance the overall performance.

· The sequence number fields in the RLC and PDCP headers and in some C-PDUs need to be extended.

· The length indicator and segment offset fields need to be extended in some RLC PDU headers and C-PDUs.

· Possibilities to alleviate the processing load should be considered.

· The user plane integrity protection should be added.
· The effects of the possible changes in the handover interruption times must be addressed.

· If certain relay node architectures are chosen, the L2 needs to be modified.
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