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1. Introduction 

The requirements in TR 36.913: peak spectrum efficiency, cell average spectrum efficiency, cell edge spectrum efficiency, user/control plane delay and VoIP capacity are obviously very aggressive. It is definitely a big challenge for RAN1 to fulfill the targets without breakthrough L1 technology and with similar physical layer specification as LTE. In this paper, we discuss some key L1 technologies which have been proposed in the previous meeting for LTE-Advanced.
2. Discussion on some Technologies for LTE-Advanced
2.1 Multi-carrier for wider bandwidth extension
In LTE-Advanced requirements, the widest system bandwidth is 100MHz while for R8 LTE it is 20MHz. To fulfill this requirement, the bandwidth support shall be extended based on LTE system bandwidth, there are two approaches for expansion: one approach is “Joint Extension” similar to the scalable bandwidth in LTE, different FFT size for different system bandwidth; another approach is Multi Carrier, i.e. the system bandwidth is partitioned into smaller bands which is not bigger than R8 LTE system maximum bandwidth.

In Multi Carrier, the control signals and channels in each carrier is same as in R8 LTE system, i.e. backward compatibility is maintained, thus many companies supported it as a method for bandwidth extension in LTE-Advanced. At the same time, for flexible system configuration to support different bandwidth, the system bandwidth is partitioned into sub-bands where the size of the sub-bands could be different.
Proposal: multi carrier based expansion of bandwidth for LTE-Advanced, the system bandwidth is partitioned into sub-bands where the size of the sub-bands could be different. There should be a limit on the number of sub-bands for spectrum aggregation, RAN4 can suggest the maximum number.
2.2 Multiple access in uplink
From the discussion in section 2.1, it can be seen that due backward compatibility, system flexibility and complexity point of view many companies are in favor of Multi Carrier approach to support wider bandwidth. However, there is a big challenge in uplink for Multi Carrier approach. In R8 LTE, the system was designed to support the wide area coverage, considering SC-FDMA has low PAPR, which is critical for uplink transmit power issue in wide coverage, DFTs-OFDM with single carrier property was adopted for uplink multiple access. 

In LTE-Advanced Workshop, many companies proposed to optimize the LTE-Advanced system for local area. In local area environment, the PAPR requirement on uplink compared to wide area can be relaxed. From optimizing for local area point of view, many companies proposed Hybrid OFDMA/DFT-s OFDM for uplink.

In wide band system, for local area environment, following two approaches are considered for the uplink multiple access: 

· Multi-carrier DFT-s OFDM

· Hybrid OFDMA/ DFT-s OFDM

Proposal: RAN1 in Study Item phase shall collectively discuss the different technologies and come to conclusion as early as possible.
2.3 Extension of Multiple Antenna technology
In the proposals from companies in previous meetings, the extension of traditional multi antenna system mainly centered in three aspects:

· Higher order MIMO transmission

In RAN#40, it is approved that LTE-Advanced should target downlink peak spectrum efficiency of 30 bps/Hz and uplink peak spectrum efficiency of 15 bps/Hz, this means that MIMO shall support maximum of 8 parallel streams in downlink and maximum of 4 streams in uplink. Although increasing the number of simultaneous parallel transmission streams will increase the Peak Data Rate，however the 8 streams in downlink and 4 in uplink scenario is very rare，and the system complexity, especially the terminal, is very high. It should be carefully evaluated and the impact on current specifications should also be considered.
· Downlink multi stream Beamforming

Beamforming improves the SIR performance at the terminals, thus combining with spatial multiplexing technique, simultaneous transmission of multiple streams increases the peak data rate of the terminals and the system capacity. Combination of Beamforming and Spatial Multiplexing shows significant gain in macro cell deployment; meanwhile there is no big impact on the system complexity. At the same time, impact on the R8 specifications is minimal, only addition of UE-specific reference signals is required for channel estimation purpose, hence the standardization work can be very simple.

Research shows that multi stream Beamforming technology significantly increases the peak data rate and system throughput in macro cell environment, is an ideal technique to increase the downlink performance in LTE-Advanced system.

· Uplink SU-MIMO

From the applications defined and the allocation of spectrum it can be seen than LTE-Advanced will be mainly deployed in hotspot and indoor environments, uplink SU-MIMO in such environments can significantly increase the peak data rate and the system capacity. Furthermore, introduction of uplink SU-MIMO technique has little impact on R8.

Proposal: RAN1 could standardize SU-MIMO and multi stream Beamforming in R9. For more than 4 downlink streams, the application scenario, impact on current specification etc. should be carefully considered in SI phase.
2.4 Coordinated multipoint transmission
In previous RAN1 meetings, many companies proposed the concept of multi-point transmission, two main aspects are: distributed antenna system and Collaboration Network MIMO.

Distributed antenna system in LTE-Advanced is a very effective way to meet the high data rate requirement in dense urban area and to increase the system capacity; on the other hand it has less impact on current specification. However, due the cable connection between the central unit and the RF units, it is complicated in deployment and requirement on system backhaul is also high. It limits the application scenarios of the distributed antenna system.

Collaboration Network MIMO is beneficial for the cell edge users, the principal idea is to collaborative processing among adjacent cells, i.e. joint transmission and reception through multiple cells to/from the terminals to increase the cell edge spectrum efficiency. Network MIMO technique for Intra-Node B is a very good candidate and the impact on specification is less. However, in case of Inter-Node B joint transmission and reception, it shall be carefully evaluated in the current system architecture and find a solution for X2 transmission.

Proposal: in LTE-Advanced, distributed antenna system technology could be discussed with priority and evaluation of Collaboration Network MIMO should be done, especially the implementation and the performance in Inter-Node B case, should find a solution for minimizing the amount of data transmitted over X2 and transmission delay.
2.5 Inter-cell interference mitigation
In previous RAN1 meetings, many companies introduced methods to further reducing the inter-cell interference for LTE-Advanced system, including more close inter-cell interference coordination and OFDM+CDMA technique in cell edge.

There are two application scenarios of close interference coordination: Intra-Node B and Inter-Node B. In LTE and LTE-Advanced system, one Node B maybe serving several to several tens of cells in such scenario, close interference coordination can increase the system capacity with less complexity and almost negligible standardization effort.

In OFDM+CDMA, the principle of mitigating inter-cell interference is: for the cell center users because interference is relatively low, no spreading of data required i.e. spreading factor is 1, which is same as traditional OFDMA; for the cell edge users because the inter-cell interference is high so at the transmitting side the data is spread in time and frequency domain after OFDMA modulation i.e. spreading factor is >1, adjacent cell use different spreading sequence (Cell-specific).

The advantage of OFDM+CDMA interference cancellation technique is that it is done in terminal side, not based on the dynamic scheduling by network, and very flexible, it can effectively cancel the instantaneous strong interference in interference variant environment. This method is suitable for complicated interference environment especially in Home NodeB deployment scenario.

In OFDM+CDMA interference cancellation technique, it maybe has more impact on the current specification if the data is spread on symbol basis, a slightly different approach of spreading based on PRB or 1/2 PRB will have less impact on R8 specifications.

Proposal: in LTE-Advanced, study on OFDM+CDMA based and close interference coordination based shall be carried out. Evaluation should be based on performance, application scenario and impact on R8 specification.
2.6 Repeater and Relay
Repeater and Relay increases the coverage and thus the cell edge throughput. Meanwhile, the advantages are the low cost of backhaul and flexibility in network deployment due to wireless transmission. In [5]，Repeater and Relay is classified as Layer 1 Relay (Repeater), Layer2 Relay (Traditional decode-and-forward Relay), Layer3 Relay (Self backhauling Node B).

Proposal: in LTE-Advanced, L1 Relay shall be adopted as the cost effective measure to increase the coverage, meanwhile L2, L3 Relay shall be studied and evaluated, RAN1 shall come to conclusion at earliest .
3. Conclusion
In this contribution, we presented our views on key LTE-A technologies. We deem intensive discussion is necessary on the technology, performance and impact on the current specifications in RAN1.
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