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1
Introduction

This paper deals with Tx configurations for UEs equipped with multiple transmit antennas and power amplifiers. We focus on the following questions:

· What are the Tx configurations and Multi-Tx formats needed for SU-MIMO UEs?

· How to handle initial access with SU-MIMO UEs?
We also discuss potential SU-MIMO issues requiring specification efforts in RAN1. 
2 Discussion
We define two transmission configurations for Multi-Tx Terminals:
· Fallback-configuration with single antenna port
· Multi-Tx configuration

The eNodeB is in charge of the selection between two transmission configurations. 
Fallback-configuration:

It is clear that fallback configuration to single antenna port transmission is needed for the cases when Multi-Tx UE operates in Rel-8 network which is not aware of multiple transmit antennas at the UE [1]. Therefore, in this configuration, multi-antenna transmission remains transparent for eNB. 

RAN4 is currently discussing on different UE PA configurations for multi-TX UE [2]. Regardless of the outcome of the discussion it is clear that the fallback mode should always support transmission with maximum Tx power (23 dBm) to comply with the Rel-8 specifications and requirements. Whether the in the fall back mode is realized using only one PA operating at max 23 dBm or e.g. two PAs with 20 dBm is irrelevant from RAN1 perspective. From the network point of view the UEs operating in the fallback mode should simply appear as Rel-8 UEs.

Fallback configuration can be made a default (or initial) configuration for Multi-Tx terminals operating in LTE-Advanced network. In this case Multi-Tx UE appears to eNB as Rel-8 UE during the random access procedure. The UE informs the Multi-Tx capability to the network after the successful random access procedure e.g., via higher layer signaling. The benefit of this approach is that SU-MIMO random access procedure for initial access can be kept identical to that in Rel-8. Once the eNB has obtained the knowledge about the Multi-Tx capability, it can configure the UE into the Multi-Tx mode. This can be made using dedicated higher layer signaling. On the other hand, eNB can keep the UE in the fallback configuration as well. This can be reasonable choice e.g., with SPS having only limited CSI available at the receiver. 
Another point is that when operating in fallback mode the existing (SIMO) DCI-formats can be reused with UEs having multiple Tx antennas. This provides opportunity for savings in PDCCH/blind decoding side. 

Multi-Tx configuration:
Multi-Tx configuration can only be used in LTE-Advanced cells. As mentioned, Multi-Tx configuration should be configurable by eNB, maybe channel by channel. 

In the following, we briefly discuss the available multi-antenna techniques for different UL channels. As a starting point, we note that only those techniques that can provide performance gain w.r.t. the fallback configuration have sufficient justification to be included as supported multi-antenna techniques for LTE-Advanced SU-MIMO.
PUSCH:
There is no question about the need for closed-loop precoding on the PUSCH. At the same time is not clear whether an open-loop mode (Tx diversity/spatial multiplexing) is needed to complement closed-loop precoding scheme. We are of the opinion that there is no sufficient justification to introduce PUSCH open-loop transmit diversity/spatial multiplexing for LTE-Advanced. As shown in [3], open-loop schemes can provide neithr coverage gain nor sufficient capacity gain over the fallback mode. On the contrary, they would result in unnecessary increase in the UE and the eNB complexity and cost as well as the increased overall system complexity.
We see that closed-loop long-term precoding is a practical alternative for open-loop techniques in the cases when the instantaneous channel state is either unavailable or out-to-date. Long term precoding can provide significant gain w.r.t. fallback mode, esp. in the case with correlated transmit antennas [3] [4]. At the same time, the system complexity increase can be minimized due to very high commonality with the existing short-term precoding technique.
PUCCH:
The situation with PUCCH is slightly different from the PUSCH. Up-to-date CSI is typically not available and hence pure closed loop precoding is not a viable option. This leaves room for open loop diversity schemes assuming they provide gain compared to the fallback mode. A number of different Tx diversity schemes applicable to different PUCCH formats are available. These schemes include SORTD, slot/symbol level PVS, STBC and long-term precoding (see e.g., [5]). 

Performance w.r.t. fallback mode is the key criteria when selecting Multi-Tx schemes for LTE-Advanced. It should also be kept in mind that there are differences between proposed schemes not only in performance but also in resource consumption and capability to support all the signalling combinations (e.g., PUCCH Format 2a/2b). 
Based on the performance results shown in [5] it seems that the following schemes needs to be supported in LTE-Advanced PUCCH:  SORTD and Long-term precoding. 
PRACH:
As discussed earlier, only fallback mode needs to be supported with PRACH.
SRS:

In order to minimize the sounding delay, it is clear that concurrent transmission of SRS via multiple Tx antennas needs to be supported.
3
Summary
In this contribution we have discussed the transmission configurations needed by Multi-Tx UEs. We propose to define two transmission configurations, namely “fallback” and “Multi-Tx” configuration. We have also presented our view on the preferred Multi-Tx formats for different UL channels.
References

[1] 3GPP TR 36.913: “Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN (E-UTRAN)
[2] R1-092984, “LS on Power Amplifier configurations for UEs with multiple transmit antennas in LTE-A”, RAN1
[3] R1-093327, “Tx Diversity for LTE-Advanced PUSCH”, Nokia Siemens Networks, Nokia

[4] R1-092716,  “Open Loop MIMO transmission in LTE-A”, Qualcomm Europe

[5] R1-093326, “Tx Diversity for LTE-Advanced PUCCH”, Nokia Siemens Networks, Nokia
[6] R1-092577, “LTE-Advanced SU-MIMO UE Transmission in LTE Release 8 Network”,  Nokia Siemens Networks, Nokia  
