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1 Introduction
For the performance part, there is only one meeting in SI to identify the scope and WI objective for LTE DL 4 Rx AP in Rel-13. In this contribution we discuss the above for the PDSCH requirements with 4 Rx.  
2 Scope of PDSCH requirements
The general objective of this work item is to specify DL UE performance and CSI requirements for 4 Rx AP.The detailed objectives should include the following.

· Specify UE performance requirement with 4 Rx AP including

· Demodulation of PDSCH (Cell-Specific Reference Symbols)
· Single antenna port performance

· Transmit Diversity

· Large delayed CDD

· Closed Loop spatial multiplexing

· Demodulation of PDSCH (User-Specific Reference Symbols)
· Candidate receivers are MMSE-MRC/IRC, SU-MIMO IC receivers depending on different scenarios. 
· Requirements with 2 layers and 4 layers with 4Rx AP are under same prioritizations

· 4 Rx AP with CA should be specified.

3 Simulation results
The performance of a 4Rx receiver is simulated and compared with a 2Rx receiver. In [1], the motivation paper for the 4Rx WI, system level as well as link level simulations of PDSCH were shown. In this contribution further link level simulations are presented below based on the following configurations.

· EPA channel
· BW 5MHz
· TM 4
· Doppler: 5Hz
· Medium antenna correlation
· MRC, IRC and CWIC receivers
· 2 and 4 TX antennas
· Single cell and Multi cell simulations are performed
· For Multi cell:  
· Dominant Interference Proportion DIP = [ -1.73 -8.66 ] dB
· Non-colliding CRSes

A number of simulations are performed for the PDSCH throughput comparing 2Rx and 4Rx receivers. The simulations have been performed taking into account both single cell and multicell environments, different correlations between the antennas, different transmission modes as well as different receiver types.All simulations are performed on the EPA5 propagation channel. 

Figure 1 shows a plot of an MRC receiver for TM4 with two neighboring cells and 2 and 4 Tx Antenna Ports.  The correlation between the antennas is low. 
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Figure 1: The performance of TM4 with a MRC receiver with 2 and 4 antennas and 2 to 4 layers.
In Figure 1 it is shown that a receiver with 4 antennas and 2 MIMO layers performs much better than a receiver with 2 receivers it shows a gain of about 7-8 dB at 70% of the max throughput.
Observation 1: For low to medium SNRs, 2 layers can achieve better performance than 4 layers.

Proposal 1: Requirements with 2 layers and 4 layers should be specified under same prioritizations.

The next scenario that is simulated shows the performance of different receiver types, MRC in a Single Cell environment, IRC in a Multi Cell environment and a CWIC receiver, which is part of the WI SU-MIMO, in a Single Cell environment.  The antenna configuration is Cross Polarized Antennas with medium correlation. 
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Figure 2: The receiver performance of a MRC receiver, an IRC receiver and a CWIC receiver with 2 and 4 receiver antennas. 

In Figure 2, the performance of the MRC receiver is improved by about 5 dB, for the IRC receiver the performance is improved by around 7 dB. The CWIC receiver has improved the performance with 2 Rx antennas compared with the MRC receiver, the additional gain with the 4 Rx receivers is about 2 dB
Observation 2: With 4 Rx AP all receiver types can bring good gain compared to 2 Rx. .
Proposal 2: MMSE-MRC/IRC, SU-MIMO IC receivers should be candidate receivers for 4 Rx WI.
Finally the performance of the transmission mode TM9 is shown in a Single Cell Scenario with  2 Tx ports and 2 and 4 Rx ports. 
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Figure 3: The performance of TM9 with 2 and 4 TX antennas and 2 and 4 Rx antennas.
In Figure 3, the performance of TM9, when the receiver is using DMRS reference symbols instead of CRS. The performance at 70% of the Max Throughput is summarized in Table 2. 
Observation 3: TM9 with DM-RS based estimations can bring good gain with 4 Rx AP compared to 2 Rx AP.
Proposal 3: DM-based TMs should be included in WI objective for a good test coverage.

In Rel-12 up to 3 CCs with 3x20MHz can be supported as CA deployments. In Rel-13 there will be up to 5 CCs to be supported as CA so it’s important to include requirements with 4 Rx AP with CA in the WI objective.
Proposal 4: After specifying requirements with 4 Rx AP for single carrier RAN4 is to start the specification for CA requirements.
4 Conclusion

Observation 1: Under certain condition 2 layers can achieve very good gain as 4 layers.

Observation 2: With 4 Rx AP different receiver types can all bring good gain compared to 2 layers.

Observation 3: TM9 with DM-RS based estimations can bring good gain with 4 Rx AP compared to 2 Rx AP.

Proposal 1: Requirements with 2 layers and 4 layers should be specified under same prioritizations.

Proposal 2: MMSE-MRC/IRC, SU-MIMO IC receivers should be candidate receivers for 4 Rx WI.
Proposal 3: DM-based TMs should be included in WI objective for a good test coverage.

Proposal 4: After specifying requirements with 4 Rx AP for single carrier RAN4 is to start the specification for CA requirements.
Proposal 5: The above scope in Chapter 2 should be included as conclusion for the WI objective,
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