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1. Introduction

RAN1 at the  RAN1#58 meeting agreed to the following Conclusion regarding the support of a “Single Antenna Port Mode” in LTE-Advanced as the default uplink operation mode [1,2]:

Conclusion:

· UL Single Antenna Port Mode is defined for the UEs with multiple transmit antennas.

· In this mode, the UE behavior is same as the UE behavior with single antenna from eNB’s perspective

· Exact UE implementation is left to UE vendors (e.g., PA architecture)

· PUCCH, and/or PUSCH, and/or SRS transmission can be independently configured for single uplink antenna port transmission

· Detail scenarios and operation FFS 

· UL Single Antenna Port Mode is the default operation mode before eNodeB is aware of the UE transmit antenna configuration

RAN4 has also subsequently Concluded that a multiple PA architecture will be supported in LTE-Advanced, and that such an architecture will include a “Single Antenna Port Mode” for LTE-Advanced UL [3,4,5].

 RAN2, in their most recent meeting, RAN2#68, considered the benefits of allowing the Network to configure the UE Antenna port mode in the LTE-A UL, in addition to autonomous configuration by the UE [6, 7], and concluded that there are significant benefits to be derived by this network configuration, but felt that RAN2 can wait for RAN1 input on the required signaling to support this network configuration.

This contribution, an update of R1-1000166, proposes that RAN1 consider the benefits outlined herein of supporting network-configuration of antenna port mode for LTE-A UL UE, and communicate our conclusions to RAN2, and provide the input on the required signaling to RAN2. A draft LS from RAN1 to RAN2 is contained in a companion document for this purpose [8].  In addition, in another  companion contribution, R1-101547, we discuss in detail which mode changes need to be considered for the PUSCH, PUCCH, and SRS Antenna Port Mode transitions.
2. Benefits derived by Network Configuration of the UL UE Antenna Port Modes
In this section, we consider antenna port modes as they relate to transmission on the PUSCH and PUCCH and show the benefits of allowing the Network to configure the antenna port modes in LTE-Advanced UL.
Antenna Port Modes for PUSCH

Single antenna port mode was agreed in RAN1 #58. SU-MIMO mode has been discussed in detail throughout the LTE-Advanced Study.  We believe that it is RAN1’s common understanding that the Release 10 UL will support at least two different transmission modes as shown in Figure 1.
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Figure 1: PUSCH Antenna Port Mode  transitions between transmission modes  in Rel.10 LTE-Advanced 
Since the Network configures DL transmission mode in Rel.8 LTE, the natural extension is for the Network to also configure the UL transmission mode in LTE-Advanced.

Sharp proposes that antenna port mode transition explicit signaling (e.g. explicit transmission mode signaling) be defined. 
Autonomous transition might be possible to specify.  However, in order for the Network to maintain control of time, frequency and spatial resources the Network should be able to configure UL transmission mode even if autonomous transition can be specified.  In addition, even if autonomous transitions are specified, to ensure interoperability of hardware, observable behaviors  (i.e., autonomous and implicit signaling protocols) of the eNB and UE should be defined, and it is RAN2’s responsibility to define said behaviors. Therefore, even if autonomous signaling were specified, the physical layer procedures would still have to be specified in order for manufacturers to produce interoperable hardware. These issues do not exist with explicit signaling of Network Configuration. Hence, in order to minimize specification schedule risk, explicit signaling should be employed. 
Antenna Port Modes for PUCCH

Single antenna port mode for PUCCH and SORTD for PUCCH formats 1/1a/1b were agreed in RAN1 #58. We have identified two different PUCCH transmission mode as shown in Figure 2.
Our view is that at least the following aspects should be taken into account on PUCCH transmission mode selection.
· AGI (Antenna Gain Imbalance) between UE antennas
· PUCCH traffic load, e.g. the amount of allocated ACK/NACK resources
Since AGI may be observed by either eNB or UE, either Network Configuration or Autonomous transition may achieve the required antenna port mode state transition.  However, as noted for PUSCH, predictable behaviors must still be defined for the transition using explicit signaling, and this signaling should be the work of RAN2.  
.

Moreover, since SORTD (Spatial Orthogonal-Resource Transmit Diversity) and Single antenna port mode consume different amounts of PUCCH resources and only eNB , not UE,  has information regarding the PUCCH traffic load, we believe that the Network is best able to manage its resources by possessing the ability to configure PUCCH transmission modes.  Hence, explicit signaling should be employed. 
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Figure 2: PUCCH 
Antenna Port Mode  transitions between transmission modes  in Rel.10 LTE-Advanced 
From the above discussions, the benefits of allowing the Network to Configure the UE Antenna Port Modes for both PUSCH and PUCCH are evident.
For each physical channel, RAN1 should decide  as to:
· Whether implicit signaling (from eNB) or explicit signaling for antenna port configuration

· The exact signaling mechanism

· Necessity of autonomous transition (originating from UE) and its mechanism

3. Proposal

We propose that RAN1 conclude as follows.
Proposal 1  - 

Network Configuration of Antenna Port Modes shall be supported for LTE-A UL. 

Proposal 2 – 

Send an LS to RAN2 recommending that signaling for the Network Configuration of the Antenna Port Mode should be developed in Rel-10.

We have provided a draft LS in [8] for this purpose.
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