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1 Introduction
At the RAN1#58 meeting, it was agreed that an “Uplink single antenna port mode” is defined for UEs with multiple antennas [1] and that it can be independently configured for PUSCH, PUCCH and SRS. The detailed scenarios and operations were left for further study. 
Additionally, as multiple antenna operation, such as spatial multiplexing for PUSCH and transmit diversity for PUCCH is part of the UL multiple antenna work item, it becomes necessary to define and discuss uplink multiple antenna transmission modes and their use plus configuration. A more general discussion that must be taken first is the one about single and multiple antenna ports. Thus antenna port modes and related transmission modes are the topics of this contribution. 
2 Definitions and scenarios 
Based on the current agreements, we define at least two antenna port modes for a Rel.10 multiple transmit antenna UE:
· Single antenna port mode (SAP mode)

· Multiple antenna port mode (MAP mode)

When in the SAP mode, the multiple antenna UE behaves as a UE with a single transmit antenna when seen from eNB’s perspective, but the exact implementation (as efficient use of PA’s, used solution to maintain coverage etc) is left to UE vendor implementation.  
In the MAP mode for PUSCH, there may be reasons, such as PDCCH overhead and PDCCH blind decoding complexity, to further divide the MAP mode into several multiple antenna transmission modes. One example is the possible introduction of a closed loop rank 1 precoding transmission mode. This issue is not further discussed in this contribution and we focus on the SAP and MAP mode configurations. 
Furthermore, in MAP mode, the UE use all the antenna ports as configured for the given carrier. It is assumed that the configurations of UE RF chain architecture per CC has been performed and in the general case some CCs have support for multi-antenna operation whereas some do not. Those CCs with multiple RF chains could thus be configured in either SAP or MAP mode. See [2] for further discussions on UE architectures.

Since the configuration of mode depends on UE specific parameters such the amount of data in its buffer, path loss and the particular MIMO characteristics of the UE-eNB channel, the mode configuration shall be UE specific (and carrier specific).
The application scenarios and motivation for certain antenna port modes are then:

· When an eNB is unaware of multi-antenna capability of the UE. The signalling of the UE capability takes place over RRC using the UE capability transfer procedure. Prior to capability transfer and before the eNB has configured the UE in SAP or MAP mode, the SAP mode must autonomously be used for the PUSCH and PUCCH transmissions.

· When a Rel.10 UE connects to an eNB of earlier release. Since MAP is not supported in Rel.8 and 9, the UE must autonomously operate according to the detected release of the eNB, which may be obtained from P-BCH (FFS). Hence, SAP mode must autonomously be used.   
· In the high load scenario. Since SRS and PUCCH are multiplexed among users by using CDM, the introduction of MAP sounding and also transmit diversity (TxD) for PUCCH in Rel.10 will more quickly exhaust the limited orthogonal resources. With carrier aggregation, the PUCCH multiplexing capacity becomes even more exploited.  Therefore, it is beneficial from multiplexing capacity and also interference point of view to be able to configure some UEs in SAP mode for SRS and PUCCH respectively. 
· UEs which have low payload and bursty traffic. For such UEs, there are limited benefits of operating in multi-antenna mode when taking into account the associated additional sounding and control overhead and also complexity the MAP mode implies. Configuring such UEs in SAP mode is beneficial from SRS and PUCCH multiplexing capacity and related interference point of view. Also UE battery savings may be expected by configuration in SAP mode if it is possible to switch off power amplifiers. 

· For UE with good channel quality, use SAP for PUCCH. Using MAP (i.e. TxD) for PUCCH is primarily expected to benefit cell edge UEs and thus UEs with medium to high SNR can be configured to use SAP mode. Thereby, these UE will not consume unnecessary PUCCH resources.      

Since traffic patterns and the use of MIMO is expected to vary on a slower time scale, we don’t see any need for dynamic configuration of SAP or MAP (i.e. by signalling using PDCCH), but re-configuration using RRC signalling should provide sufficient flexibility. 

The scenarios listed above motivate the two antenna port modes for PUSCH, PUCCH and SRS respectively and is further discussed in the following section. 

3 Discussion on antenna port modes 
3.1 PUSCH
The PUSCH is used in the transfer of UE capability which includes information about the number of transmit antennas,  so the UE must autonomously use the SAP mode for this signalling and before eNB has made the SAP/MAP configuration, or when connecting to an eNB of earlier release. Hence, this is a “Rel-8 fallback mode”. In this mode, the Rel.10 UE will behave according to Rel-8 specifications. Additional autonomous transitions (i.e. based on UE decision) between SAP and MAP modes for PUSCH are not desirable since the UE behaviour and thus number of used antenna ports becomes unpredictable for the eNB. Also, new test cases need to be developed in such case, to verify correct UE behaviour of autonomous mode transitions.

Furthermore, as discussed in the previous section, in the scenarios of high cell load and/or SPS configured UEs, it is beneficial to configure some multiple antenna UEs in SAP mode for PUSCH. Since the UE is still Rel-10 capable, this would allow for Rel-10 LTE-Advanced features also in SAP mode such as

· Non-equal bandwidth allocation for uplink MU-MIMO (if OCC is agreed) 

· Non-contiguous resource allocation 
3.2 PUCCH

For PUCCH, the MAP mode uses transmit diversity and in the format 1/1a/1b case it’s SORTD. For format 2/2a/2b, the discussion of transmit diversity is ongoing in RAN1 and there is also a discussion whether to include a new format to allow larger payload sizes in the case of carrier aggregation. To minimize the complexity, we suggest to keep the number of possible antenna port configurations of PUCCH to a minimum, therefore the eNB configuration between SAP or MAP mode for PUCCH should apply simultaneously to all PUCCH formats.  

Note that dynamic fallback from MAP to SAP for dynamically scheduled ACK/NACK (format 1a/1b) in case of a single CCE in the PDCCH is under discussion in RAN1. As agreed in [1], SAP (and likely Rel-8 PUCCH formats), i.e. the “Rel-8 fallback mode” will be used for PUCCH before the antenna port mode has been configured by eNB. 
3.3 SRS
It has been agreed in meeting #60 to support aperiodic SRS in Rel.10 and the configuration of SAP or MAP mode sounding for aperiodic SRS is expected to be included in the control signalling, of which RAN1 discussion is ongoing. 

Rel-8 periodic SRS and associated eNB controlled configuration already provides support for single and dual UE antenna sounding to support antenna switching. It uses up to two TDM:ed antenna ports and provides eNB with reference signals for uplink power control and path loss measurements.  Since PUCCH use transmit diversity with at most two antenna ports, the Rel-8 periodic sounding procedure is useful for power control even for UEs with four antennas. 
Hence, Rel-8 periodic SRS is sufficient to support MAP mode for PUCCH. If periodic Rel-8 type of SRS needs to be extended to support sounding of up to four antenna ports (i.e. MAP) in the same subframe needs to be discussed along with the SRS discussion and is thus FFS. 
Finally note that no default (i.e. fallback) SAP mode for SRS is needed since the UE capability is known before SRS is configured by eNB. 

4 Conclusions

Based on the discussion in this contribution, we propose the following regarding UL antenna port mode configurations:

· A single antenna port- (SAP) and a multiple antenna port (MAP) modes is defined. The used mode is UE specific, UL carrier specific, independently configured for PUSCH, PUCCH and SRS respectively and configured by eNB. 
· The eNB shall assume, for a given component carrier, that in the SAP mode, the UE has a single transmit antenna port. In the MAP mode it shall assume that the UE have the maximum number of antenna ports configured for the given component carrier.
· For PUSCH and PUCCH, there exists a Rel-8 fallback mode which uses the SAP mode and follows Rel-8 specifications. It is autonomously configured by the UE when connected to an eNB using Rel-8 or Rel-9 or in the initial procedure when connecting to an eNB which is unaware of the UE antenna configuration and before the eNB has sent SAP or MAP mode configuration command.
· eNB configuration between SAP or MAP mode for PUCCH applies simultaneously to all PUCCH formats.  
· Configuration of SAP and MAP mode for SRS needs to be discussed along with sounding procedures and is FFS. 
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