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1. Introduction

There are seven transmission modes specified in Rel-8 downlink [1]: 

· Single antenna port (port 0);

· Transmit diversity;

· Large delay CDD;

· Close-loop spatial multiplexing;

· Multi-user MIMO (MU-MIMO);

· Single-layer spatial multiplexing;

· Single antenna port (port 5).

In Rel-9, a new transmission mode, dual-layer transmission (port 7 and 8) is defined to support UE-specific RS (DMRS) based dual-layer (beam-forming) transmission; In Rel-10, transmission mode 9 will be specified for up to rank-8 SU-MIMO transmission and SU/MU dynamic switching.
Potential factors which may influence the choice of transmission modes include UE velocity, channel environment (UE location, channel spatial correlation, etc), antenna configuration, service type, etc. For Un link, the deployment scenario is a little different from that of eNB-UE link. For example, spatial correlation of MIMO channels may be relatively high due to the higher elevations of RN antennas; deployment of relay for Rel-10 is likely restricted to fixed locations, and hence channel quality in time-domain is not fast changing, etc. These may lead to different decisions on transmission mode for Un link compared with Uu link. The decision on which transmission modes to be supported in Un link also helps us to dimension R-PDCCH payload. Based on these considerations, we will have a brief discussion on Un transmission modes in this contribution.
2. Discussion

1) Transmission mode 1

Single-antenna port (port 0) is used for single-antenna configuration of eNB in Rel-8, as transmission scheme based on precoding (including transmit diversity) could not be applied. In Rel-10, single-antenna configuration of eNB is not precluded (e.g., single-port CSI-RS transmission is supported) and hence the application scenario of this transmission mode still exists.

Decision on transmission mode 1 depends solely on the antenna configuration of eNB, and hence this mode should be supported in Un link if single-antenna configuration of eNB is supported in Rel-10.

2) Transmission mode 2

Transmit diversity is used to enhance the transmission reliability when channel state information could not be obtained precisely, e.g. UE with high velocity, or located near cell edge, or UE in handover, etc. Transmission mode 2 is also supported in other multi-antenna transmission modes as the fallback mode. As a default transmission mode in LTE downlink, transmit diversity should be supported in Un link.

3) Transmission mode 3

When channel state information could not be obtained precisely, e.g. UE at high-speed, but with low spatial correlation, large delay CDD transmission could be configured to get the high peak rate.

For RN, there is no high-speed mobile scenario and eNB could acquire the channel state information of Un link. When channel spatial correlation is high e.g. rank=1, single antenna port (port 7/8) or single-layer spatial multiplexing could be configured in Un link, otherwise close-loop spatial multiplexing could be applied. It seems that there is no strong reason to support transmission mode 3 in Un link.

4) Transmission mode 4

Close-loop spatial multiplexing shall be used to get the high peak data rate when channel spatial correlation allows multi-rank transmission, and channel state information could be known precisely, e.g. UE at low-speed. 

Fixed deployment of Rel-10 RN justifies the close-loop spatial multiplexing in Un link. But LOS propagation may impact the channel spatial correlation. Nevertheless, in some deployment scenarios e.g. urban areas, LOS propagation should not always be assumed, and hence multi-rank transmission should not be precluded in Un link. Although transmission mode 9 is being specified in Rel-10 to support close-loop spatial multiplexing, transmission mode 4 can perform precoded transmission without relying on DMRS. Based on these considerations, transmission mode 4 should be supported in Un link.

5) Transmission mode 5

When the cell load is heavy and the spatial channel is suitable to perform precoding transmission, MU-MIMO can be carried out to improve the cell throughput. Nevertheless, MU-MIMO operation may complicate the scheduling if it is introduced to Un link, for example, start point of Un PDSCH and Macro PDSCH may be different when RN and UE are paired. Actually, even if MU-MIMO needs to be supported in Un link, transmission mode 9 seems more flexible since transparent MU-MIMO and SU/MU dynamic switching could be performed. Maybe further discussions are needed to make sure if transmission mode 5 should be supported in Un link.

6) Transmission mode 6

Transmission mode 6 is a special case of transmission mode 4 and it applies when rank=1 close-loop precoding is performed. When channel spatial correlation does not permit multi-layer transmission, i.e. channel rank is 1, transmission mode 4 is no longer suitable: scheduling single-layer transmission based on DCI format 2 is rather wasteful, as DCI format 1B dedicated for single-layer transmission seems more efficiency.
High channel spatial correlation of Un leads to more chance of configuring single-layer precoding transmission mode. In addition, transmission mode 6 can perform close-loop precoding transmission without relying on DMRS as discussed in transmission mode 4. Therefore, this mode should be supported in Un link.

7) Transmission mode 7

In Rel-8, transmission mode 7 is mandatory for TDD, applied to UEs of low mobility and near cell edge, to improve the receive SIR and thus enhance the system capacity. 

Due to the fixed deployment and higher antenna elevation of RN, beam-forming is quite suitable for Un transmission. However, beam-forming transmission is enhanced by specifying transmission mode 8 in Rel-9, which also supports dual-layer transmission; besides, DMRS for transmission mode 8 are forward compatible with DMRS of Rel-10 transmission mode 9, while transmission mode 7 needs dedicated UE-specific RS port 5. Therefore, it does seem quite meaningful to support transmission mode 7 in Un link.

8) Transmission mode 8

Transmission mode 8 is optimized of beam-forming, used for dual-layer transmission, and is also forward compatible with transmission mode 9. Advantages of using beam-forming transmission in Un link are listed in the last paragraph. It is natural to support transmission mode 8 in Un link.

9) Transmission mode 9

Transmission mode 9 specified in Rel-10 can support SU-MIMO transmission up to 8 layers, transparent MU-MIMO as well as dynamic SU/MU switching. When transmission mode 9 is supported, a majority of Rel-8 MIMO transmission modes, e.g. transmission mode 3, 4, 5, etc, could be replaced. Transmission mode 9 should be supported in Un link.

3. Summary

Transmission modes in Un link are discussed in this contribution. Due to the unique characteristics of Un link compared with eNB-UE link, we investigated whether some transmission modes for Rel-10 UEs can be cut down when applied to Un link in order to reduce RN implementation complexity. Decision on which transmission modes to be supported in Un would also help us to dimension the R-PDCCH payload.

Based on the discussions we have the following proposals for Rel-10 RN:

· Transmission mode 1, 2, 4, 6, 8, 9 should be supported in Un link;

· Transmission mode 3, 7 are not supported in Un link;

· FFS on whether transmission mode 5 should be supported in Un link.
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