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1. Introduction
For higher spectrum efficiency, uplink spatial multiplexing with multi-codeword transmission was introduced in Rel-10. Single antenna port transmission was also agreed for backward compatibility. In RAN1#62bis meeting, the following was agreed for UL transmission modes:
· The PUSCH transmission mode, the PUCCH transmission scheme and the number of SRS transmission ports are independently configured using RRC
· The relationship between the SRS ports and the PUSCH transmission ports
· 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)

· 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

· 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 
Nevertheless, as an important function in Rel-8, antenna switching has not been discussed by now. How to support antenna switching in Rel-10 with backward compatibility is still an issue, which will be discussed in the following sections.
2. Discussion
2.1. Antenna switching for PUSCH transmission
For PUSCH mode 1, two transmission schemes, Rel-8 scheme and Rel-10 scheme, are supported via activation/inactivation of Rel-10 features. It was claimed in [2] that only UE in Rel-8 scheme could be configured with antenna switching, since in Rel-10 scheme, a more comprehensive scheme could be adopted for channel sounding and precoder configuration. However, we have the following observations on the application scenarios of antenna switching:
1) A UE configured in Rel-8 scheme in PUSCH mode 1 may also be equipped with multiple transmit antennae. In this case, antenna virtualization will be done transparently which may conflict with antenna switching..
2) While a UE configured in Rel-10 scheme in PUSCH mode 1, with Rel-10 OCC mapping, aperiodic SRS triggering and/or clustered RA, it can still be configured to enable antenna switching without any collision. Hence, it is unsuitable to entirely forbid antenna switching for UEs configured with Rel-10 features.

3) For a Rel-10 UE with only Rel-8 MIMO capability, for which at most single antenna port is available, antenna switching should be supported  as no other comprehensive MIMO  scheme can be used
In a word, antenna switching can bring benefits to Rel-10 UEs supporting only single antenna/port transmission but equipped with multiple antennae, no matter which scheme (Rel-8 or Rel-10) is configured. In Rel-10, the maximal number of antenna ports and the capability of antenna switching should be fed back to eNB as UE capability. Hence, antenna switching can be enabled via higher layer signaling for UEs without the capability of multiple ports transmission and with the capability of antenna switching according to UE capability (this can be standardized by higher layer). For simplification, the signaling and transmission scheme in Rel-8 can be reused for PUSCH mode 1 with backward compatibility. 
For PUSCH mode 2, spatial multiplexing and precoding with antenna turn off vectors had been introduced, so we don’t see any necessity to support antenna switching in this mode.
Proposal: Antenna switching should be supported for Rel-10 UEs supporting only single antenna/port transmission and with the capability of antenna switching in PUSCH mode 1.
·  For UEs configured in Rel-8 or Rel-10 scheme.

·  The same transmission scheme and signaling as Rel-8.
·  The definitions of “UE port 0” and “UE port 1” are the same as Rel-8.
2.2. Antenna switching for SRS transmission 
One of the motivations to support antenna switching for SRS transmission is to provide measurement for antenna switching in PUSCH. Therefore, if antenna switching is supported in PUSCH for some UEs, SRS with antenna switching should also be supported for those UEs. In Rel-10, two types of SRS, periodic SRS and aperiodic SRS, are supported with independent configurations, which may lead to different applications of antenna switching.
For periodic SRS, antenna switching should be supported with the same transmit mechanism as Rel-8 for backward compatibility. ENB can choose the antenna with best channel condition according to periodic sounding from different antennae if close loop antenna switching is supported. To avoid collision with antenna virtualization when single antenna port is configured, the same restriction on application scenarios as that for PUSCH should be adopted to periodic SRS.
For aperiodic SRS, the requirement to antenna switching is lower than that for periodic SRS. However, if SRS transmission can be configured by eNB to be transmitted from different antennae, the flexibility of aperiodic SRS can still be improved. For example, if the same switching mechanism as periodic SRS is adopted, the transmit antenna index to transmit SRS will be switched according to the count of resources for aperiodic SRS. By this simple solution, eNB can flexibly schedule SRS transmission in different resources to be transmitted from the requested antenna. Therefore, antenna switching could also be considered for aperiodic SRS as the impact on specification is small. 
Proposal: The antenna switching is supported for both periodic and aperiodic SRS transmission in Rel-10 with the same switching mechanism as Rel-8.
· Only for single port SRS transmission when antenna switching is enabled by higher layer.
3. Conclusions
In this contribution, we discussed the application of antenna switching in Rel-10 for both PUSCH transmission and SRS transmission. To summarize, we proposed that
· Antenna switching should be supported for Rel-10 UEs configured supporting only single antenna/port transmission and with the capability of antenna switching in PUSCH mode 1.
· For UEs configured in Rel-8 or Rel-10 scheme.
·  The same transmission scheme and signaling as Rel-8.
· The definitions of “UE port 0” and “UE port 1” are the same as Rel-8.

· The antenna switching is supported for both periodic and aperiodic SRS transmission in Rel-10 with the same switching mechanism as Rel-8.
· Only for single port SRS transmission when antenna switching is enabled by higher layer.

The proposed modification in corresponding specification is given in appendix.
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5. Annex: Text Proposal for Antenna Selection in TS 36.213[3]
----------------------------------------------         Start of Text Proposal        ---------------------------------------

8.7
UE Transmit Antenna Selection
UE transmit antenna selection is configured by higher layers.
If UE transmit antenna selection is disabled or not supported by the UE, the UE shall transmit according to section 5.3.3A and 5.3.4 in [4].

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection in response to the most recent command received via DCI Format 0 in section 5.3.3.2 [4].

If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna to be selected by the UE is not specified.
----------------------------------------------         End of Text Proposal        ------------------------------------------






