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1. Introduction
In RAN1 62bis meeting held in Xi’an, China, in Oct 2010, some discussed were focused on the configuration of antenna ports in uplink, which was summarized in Mr Chairman’s note as follows [1]:
Agreement:

· The PUSCH transmission mode, the PUCCH transmission scheme and the number of SRS transmission ports are independently configured using RRC
· Configurations are UE specific, carrier specific (for PUSCH and SRS) and independent from DL PDSCH transmission mode configuration
· Two PUSCH transmission modes 

· PUSCH Mode 1 is the single antenna port mode

· Two difference configurations exist in this mode

· One configuration is Rel-8 PUSCH transmission scheme

· The other configuration supports both contiguous and non-contiguous RA (dynamically configured by PDCCH), Rel-10 OCC/CS mapping table, and dynamic aperiodic SRS triggering (if configured)

· The additional possibility of (de-)configuring the Rel-10 OCC/CS mapping table is FFS

· PUSCH Mode 2 is the multiple antenna port mode

· Two different configurations exist in this mode (if reference DCI format 4 is used):
· Antenna ports  {0,1} are configured for PUSCH      (i.e. PUSCH is using 2TX codebook)
· Antenna ports  {0,1,2,3} are configured for PUSCH (i.e. PUSCH is using 4TX codebook)
· FFS  the details of configuration, i.e,  UE-specific or cell-specific, etc  
· If fallback DCI format 0 is received by the UE

· A single antenna port is used
· No consensus to support PUSCH multiple antenna port mode dedicated for rank 1 in Rel-10.

· PUCCH configuration
· Transmission scheme
· Single transmission port 
· SORTD (if the corresponding Format support it)
· Independent configuration of single transmission port or SORTD for
· Format 1
· Rel.8 Format 1a/1b and Rel.10 Format 1a/1b with channel selection (if TxD supported)
· Format 2/2a/2b
· Format 3 (if TxD supported)
· SRS configuration:
· The number of SRS transmission ports is configured as 
· 0,1,2 or 4 if in PUSCH mode 1
· 0,1,2 
if in PUSCH mode 2 with two antenna ports configured (this means a 4Tx capable UE can behave as a 2Tx capable UE)
· 0,1,4 
if in PUSCH mode 2 with four antenna ports configured 
· The number of transmission ports for aperiodic and periodic SRS resource are configurable independent of each other  (if multiple antenna SRS is supported for periodic SRS)

Furthermore, some discussed were continued on the email reflector after the meeting based on the proposal of L1 parameters for Rel-10 [2] to clarify some aspects of the agreements, such as whether a separate Rel-10 and Rel-8 single antenna modes needs to be configured in a Rel-10 system for Rel-10 UE, or individual new features related to Rel-10 transmission could be signalled separately. 
In this contribution, some further discussion were put together to address our views on some of the remaining issues such as
· Whether the single antenna port should be sounded the same time as multiple physical antennas

· Whether the configuration of 2-tx PUSCH transmission should be cell-specific or UE-specific

2. On uplink antenna configuration
2.1. SRS signal for single antenna port
In addition to periodic SRS, aperiodic SRS transmission is introduced in Rel-10 to enhance the sounding signal transmission for multi-antenna transmission without leading to too much overhead. As agreed in Xi’an meeting, the configuration of aperiodic SRS and periodic SRS transmission could be independent configured, which means that they should be considered as different SRS signal ports and may be  differentiated with different comb, CS, bandwidth etc. Take an UE with 4 physical transmit antenna as an example, if the UE is configured with PUSCH mode with 4 transmit antenna, according to the agreement, single SRS transmission port and four SRS transmission ports could be configured. 
If both periodic and aperiodic SRS transmission are configured, then up to eight SRS transmission ports may need to be supported, four for aperiodic SRS transmission and four for periodic SRS transmission. It is obvious that it is not necessary to support all aperiodic and periodic SRS ports at the same time, as they would sound the same channels. However, there is one exception, which is the case that the sounding signal for single antenna port mode may not be equivalent of that for any physical antenna. This is because that there could be several ways of  realizing single antenna port at the UE side, for example, the UE could simply turn off the rest of the physical antennas but only transmit on one physical antenna, or the UE could transmit the same signals from a number of physical antennas to achieve the single antenna port using so-called antenna virtualization. Such different realizations of single antenna port at the UE side is normally considered transparent to the eNB, namely, the eNB may have little or no prior knowledge of how the UE achieve the single antenna transmission. However, such transparency to the eNB makes it hard for the eNB to decide if the sounding signal transmitted from a single physical antenna would be equivalent to the sounding signal for the single antenna port, and if not, it may need to rely on other sounding signal to sound the single antenna port. For example, if the antenna virtualization is used to achieve the single antenna port mode, then sounding signal for such single antenna port will not be the same as that for each physical transmit antenna simply based on the fact that the composite channel of such single antenna port won’t the same as that seen between each physical transmit antenna and the receive antenna. 
Based on the above observation, the channel seen between single antenna port and the receive antenna may not be the same as that seen between each physical transmit antenna and the receive antenna. On the other hand, in some scenarios, it may be necessary to transmit sounding signals for single antenna port and each physical transmit antenna during the same time period. For example, it was agreed that when UE is configured with  PUSCH transmission mode 1, which is single antenna port mode,  it could also be configured to transmit SRS for multiple physical transmit antennas. This is to monitor the channels for MIMO transmission so that the eNB could configure UE for uplink MIMO transmission when MIMO channel condition is appropriate. At the same time, eNB may need UE to continue its transmission of  SRS for single antenna port PUSCH transmission for scheduling and MCS assignment. For such situation, simultaneous configuration of SRS transmission for both single antenna port and multiple physical antennas are needed. Due to ambiguity existing at the UE on how to realize single antenna port, it is better to define a SRS single antenna port independent of UE implementation of single antenna port. A simple way to achieve this is to define a separate SRS signal (using different comb, bandwidth etc) for single antenna port other than reuse a SRS signal for a single physical antenna. For example, sounding signals for each physical transmit antenna could be transmitted using aperiodic sounding signals, while sounding signal for single antenna port could be transmitted using periodic SRS signal. That would allow the operation of supporting one PUSCH transmission mode, while at the same time, monitoring the channels for other PUSCH transmission mode, and therefore facilitating the switching and fallback between these transmission modes.  
It should be mentioned that supporting simultaneous transmission of SRS for single antenna port and multiple physical antennas does not necessarily mean that these SRS should be transmitted on the same RE of the same OFDM symbols, as that would lead to increased CM value and therefore increase the PAPR of the uplink carrier. The simultaneous transmissions of these SRS simply mean they could be configured during the same time period but could be transmitted on different combs, from different bandwidth, or from different subframes. 

As summary, here are some proposals for considerations

Proposal 1: To facilitate mode switching and fallback, it might be beneficial to support simultaneous transmission of sounding signals for single antenna port and for multiple physical antennas.

Proposal 2: To avoid ambiguity, sounding signal for single antenna port could be defined differently from those for multiple physical antennas. Different types of sounding signals could be used to sound single antenna port and physical antennas, e.g., periodic sounding signal could be used to sound single antenna port while aperiodic sounding signal could be used to sound multiple  physical antennas.
2.2. Configuration of 2-tx PUSCH transmission for 4-tx UE
At Xi’an meeting, it is proposed that even for UE with 4 physical transmit antenna, it could be configured to support 2-tx PUSCH transmission. Such proposals would certainly make configurations more flexible and more easy for the network to roll out the support of uplink multiple antenna transmission in different phases, for example, first to support 2-tx uplink transmission, and later to support 4-tx uplink transmission. However, there are some remaining issues need to be clarified in order to support such extra configuration.
First, it is still debatable whether such configuration should be cell-specific or UE-specific. If the reason to introduce 2-tx PUSCH transmission for UE with 4 physical transmit antenna is to allow the network to roll out the support of uplink multiple-antennas transmission in phases, then it is more natural to consider this feature a cell-specific one. For the initial deployment of the system, which may only support 2-tx uplink transmission, the eNB could send cell-specific signaling to all the UE to make such announcement. Later on when the system is upgraded to support 4-tx uplink transmission, this cell-specific feature could be re-configured for all the capable Rel-10 UEs. On the other side, there could be other considerations in configuring 2-tx PUSCH transmission for 4-tx UE. For example, the network is able to supports 4-tx uplink transmission, but at certain situations like high loading, the eNB may like to configure 4-tx UE for 2-tx PUSCH transmission, so that it could schedule more UEs in uplink MU-MIMO transmission instead of scheduling fewer UE for up to 4-layer SU-MIMO transmission. Or the eNB could save PDCCH overhead by scheduling more UEs for 2-tx transmission which requires smaller size of PDCCH. In such scenarios, it might be reasonable to consider such configuration as UE-specific configuration.  Based on the above analysis, it is therefore better to understand the motivation and possible application scenarios first before making the final decision. 
Supporting configuration of 2-tx PUSCH transmission for 4-tx UE would certainly make the uplink transmission more flexible. However, some additional work and testing may need to be considered. For example, such configuration may require RAN4 to define additional test cases for 2-tx PUSCH transmission for UE with 4-tx as the realization of 2-tx transmission is a UE implementation issue and the minimum performance requirement may need to be defined. On the other side, if the network does not roll out the support for 4-tx uplink transmission at the initial deployment, the 4-tx uplink transmission may not be considered as IOT tested for those UE with 4-tx. This would lead to some issues in the future, such as when the network rolls out features of uplink 4-tx PUSCH transmission in a later release, how to make sure such early deployed UE with 4-tx would perform properly when scheduled for 4-tx PUSCH transmission or 4-tx SRS transmission.  One solution is that the UE vendors do not manufacture 4-tx UE in early deployment of Rel-10 system until some operators commit to deploy the network which supports uplink 4-tx transmission. 
3. Conclusion

In this contribution, some remaining issues regarding uplink antenna configurations were discussed and some preliminary thoughts are proposed, which are focused in two areas
1. Simultaneous transmission of  SRS signal for single antenna port and multiple physical antennas

2. The configuration of 2-tx transmission for UE with 4-tx
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