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1
Introduction
Several improvements are planed for LTE-Advanced (e.g. relays, enhanced MIMO, more flexible BW aggregation, CoMP). Within Layer 2, the MAC is the sublayer needing the most updates. Here we consider some 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 [3] 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.
It is hard to shorten the MAC [2] delays by making the HARQ signalling faster and making the HARQ NACK transmission and the resulting retransmission happen earlier, because the system should also be made compatible with the Rel-8 UEs. Changing the number of the HARQ processes and changing the scheduling of the related signalling are thus not necessarily feasible. It is possible to make just a subset of the frequency bands compatible with the Rel-8 in the flexible spectrum usage (FSU) if the retransmissions are carried out independently on each frequency band, but then the transmission delay will depend on the used band and some delay dispersion may result from the parallel use of frequency bands with different properties
The processing delays elsewhere could be shortened without similar problems. The long delays are mostly related to cases where the UE does not have resources readily allocated and the random access procedure must be applied. Shortening the random acces procedure and speeding up the RRC signalling are the most promising means to shorten the delays in this area.
2.2
Support for extended MIMO schemes

If agreed, the collaborative MIMO (C-MIMO), for instance, will need substantial uplink resources in the UL. New MAC C-PDUs need to be designed for the purpose. As the system needs to be compatible with the Rel-8 UEs, the UL shared channel must probably be used for the purpose. The delay requirements of the feedband information (FBI) transmission are very stringent, so HARQ possibly can not be used for the FBI tramsmission, as the retransmissions may cause substantial delays and decrease the MIMO gain. Consequently, the MAC will need to be tailored for the optial FBI transmission.
2.3
Support for increased rate of PDUs

The handling of the parallel HARQ processes and the multiple transport blocks should follow the same principles which are used in the Rel-8 SU-MIMO handling, but the parallel processing is just extended.

2.4
Support for increased PDU sizes

The transport blocks will grow significantly compared to Rel-8, so the length indicators in the MAC PDU headers must be increased by a few bits. 
The range of the buffer size in the buffer status report is limited to reporting 150000 bytes in Rel-8 and it is clearly not sufficient for LTE-A. If we keep the same ratio between the buffer status report range and the maximum amount of data transmitted in a TTI it should be possible to report at least 1500000, possibly even up to 6000000 bytes in LTE-A, if we assume that the maximum transport block size is 10…40 times that of LTE. It is possible to either add new items at the end of the encoding table or just stretch the whole table. The encoding is designed on an exponential basis, so increasing the maximum by stretching will not deteriorate the resolution very much and the approach is clearly feasible.

2.5
Support for increased bandwidths

Carrier aggregation, where two or more component carriers (CCs) are aggregated, is considered for LTE-A in order to support downlink transmission bandwidths larger than 20 MHz. A terminal may simultaneously receive one or multiple component carriers depending on its capabilities. Some new MAC signalling for CC handling is expected. The signalling must be desined so that Rel-8 UEs will operate correctly on a single CC which is backwards compatible.
In addition, measurement gap and DRX handling might be impacted by the introduction of multiple CCs. In particular, some CCs could be turned off when the traffic is low to minimize the interference and power consumption of broadcast channels of the unused CCs. The DRX handling on the CCs should be relatively independent of each other, but some coordination is necessary to minimize the UE power consumption. For example, the DRX period, ‘on’ duration, and offset should be the same, so the UE receiver would be active for all CCs simultaneously. The measurement gaps must be strictly synchronized on all CCs (unless it is agreed that UEs must have a separate, independent receiver for each CC).
Unless the HARQ processes of the CCs are decided to be independent of each other, there are possibilities to use HARQ ACK/NACK bundling and possibly other signalling optimizations by eliminating redundant data on parallel CCs.
It is desirable to make the carrier aggregation as invisible to the RLC and upper layers as possible. Consequently, a single MAC entity with one HARQ entity should handle all CCs and their HARQ processes. A single MAC entity also makes it easy to build a centralized control for buffer status reporting, packet scheduling, and QoS management.
2.6
Relay nodes

Some relay node architecture options would have a very significant influence on the MAC procedures, but it seems that those alternatives are currently not the most probable ones. The most likely approaches would not necessarily affect MAC at all, so it would be premature to analyze the relay node requirements on the MAC 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.

· MAC will possibly need new signalling procedures for C-MIMO FBI transmission.

· The length indicator and segment offset fields need to be extended in MAC PDU headers and.

· The buffer status report value range must be increased.

· MAC signalling must be extended to handle the carrier aggregation.

· Measurement gap handling and DRX must be modified to cope with the carrier aggregation.

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