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1 Introduction
The multi-antenna operation for supporting UL SU-MIMO with up to four layer spatial multiplexing is being studied within RAN1-4 WGs. 

This contribution discusses foreseeable changes and work load on BS demodulation requirements in 36.104 when UL-MIMO is introduced into the LTE-A. Meanwhile the latest status of some outstanding issues in RAN1 is also captured.
2 The latest status in RAN1

In last RAN1 meeting in San Francisco, two outstanding issues were solved:
1. Layer shifting will not be introduced in Rel-10 time frame.

2. Rank 3 code book is finalized.

3 Discussion
As multiple antenna transmission is not supported in Rel9 or earlier UL LTE specifications, for all the Rel-10 BS demodulation aspects, new requirements should be defined due to the introduction of UL-MIMO.
The potential work load can be predicted in following aspects:
3.1 Performance requirements for PUSCH
· Current Rel-8/9 performance requirements of PUSCH should be defined as Single antenna port performance.
· Whether transmit diversity is to be tested for PUSCH should be based on RAN1’s decision. Currently there’s no consensus on introduction of TxD in Rel-10.  
· For UEs with multiple transmit antennas, an uplink Single Antenna Port Mode is defined, where the UE behaviour is same as the one with single antenna from eNodeB’s perspective. RAN4 needs to decide whether it is necessary to define new requirements for this mode.
· Spatial multiplexing performance requirements should be defined for PUSCH. 
· Layer shifting will not be introduced into Rel-10 RAN4 spec according to updated RAN1 status.
3.2 Performance requirements for PUCCH
· Same as PUSCH, current Rel-8/9 performance requirements of PUCCH should be defined as Single antenna port performance.

· Transmit diversity performance should be defined for PUCCH: For uplink control channels with Rel-8 PUCCH format 1/1a/1b, the spatial orthogonal-resource transmit diversity (SORTD) scheme is supported for transmissions with two antenna ports.  In this transmit diversity scheme, the same modulation symbol from the uplink channel is transmitted from two antenna ports, on two separate orthogonal resources.
· RAN4 also needs to decide whether it is necessary to define new requirements for uplink Single Antenna Port Mode.
· RAN1 is considering also new formats for PUCCH to support high number of A/N bits (CA+TDD), corresponding RAN4 work may be needed to specify new requirements.  

3.3 Performance requirements for PRACH
· According to [1], there’s no change in RAN1 specification, thus no new requirement is foreseen in RAN4 Rel-10 work.
3.4 Requirements for CSI
· According to [1], the transmission rank can be adapted dynamically and uplink transmission supports spatial multiplexing. The related rank, PMI and CQI should be informed to UE by eNB. Whether to specify those CSI (RI, PMI, CQI) requirements for LTE-A uplink needs to be discussed in the meeting. Some CSI tests may be necessary considering those newly introduced features, for example the multiple layer transmission and corresponding precoding codebooks, will significantly improve the demodulation performance. Certainly the balance between the test complexity and test efficiency should be emphasized during the RAN4 discussion. 
3.5 Requirements impact due to uplink multiple access.
· Simultaneous transmission of uplink L1/L2 control signaling and data is still under RAN1 and RAN4 discussion. Possible impact to RAN4 spec may need to wait for the final conclusion.
4 Conclusion


Due to the introduction of UL-MIMO, potential work load and impact to current specification are analyzed in this contribution. It is suggested that RAN4 takes these aspects into account when deriving the demodulation requirements. 
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