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1. Introduction
In the last RAN plenary, the study item for 4Rx AP UE was approved [1]. The main objective of this SI is to identify the scope and objectives of the potential WI on requirements for 4 Rx AP UE. In this contribution, we provide our views on scope and objectives which should be discussed in the potential WI in term of UE performance requirements. Note that we used “transmission layers” in meaning as “transmission streams” in this contribution.
2. Discussion
2.1. UE Demodulation requirements

A UE with 4 Rx AP can utilize higher receiver diversity gain compared to that with 2 Rx AP. Since the demodulation performance can be improved thanks to the receiver antenna diversity, the UE would be able to correctly receive the down link physical channels specifically in the low geometry area. In addition, in the NW supporting 4x4 MIMO or 8x4 MIMO, the UE with 4 Rx AP can utilize up to four layers spatial multiplexing. Therefore, the peak throughput can be improved according to the number of transmission layers, i.e., the performance of four layers can be double compared to that of two layers.
In terms of the performance requirements for PDSCH, the number of transmission layers is adaptively changed according to the channel quality, i.e., transmission diversity and spatial multiplexing is adaptively selected based on the reported CSI from the UE. Therefore, it is essential to specify the performance requirements of PDSCH for verifying both diversity gain and spatial multiplexing gain. 
Proposal 1: Performance requirements of PDSCH for verifying both diversity gain and spatial multiplexing gain should be included into the scope of the potential WI.

On the other hands, the physical layer control channels, which include (e)PDCCH/PHICH, PCFICH and PBCH, are transmitted by only transmission diversity. Therefore, it would be natural to specify the performance requirements of control channels for verifying diversity gain. Specifically, from operator’s point of view, it is important to introduce the performance requirements of (e)PDCCH, since the NW can select the number of (e)CCEs according to the channel quality at UE side. Therefore, the performance requirements of (e)PDCCH for 4 Rx AP UE are beneficial for deciding the number of (e)CCE.

Proposal 2: Performance requirements of PDCCH and ePDCCH for verifying diversity gain should be included into the scope of the potential WI.

The purpose of the SDR test is to verify that the Layer 1/2 correctly process when the UE receives packets corresponding to the maximum number of DL-SCH transport block bits. The maximum number of DL-SCH transport block bits of four layers is larger than that of two layers. This means that it needs to introduce the new SDR test for 4 Rx AP UE.

Proposal 3: Performance requirements of SDR test should be included into the scope of the potential WI.
2.2. CSI requirements
From [2], the procedure for CSI reporting is depends on the number of transmission layers. However, existing requirements for CSI in [3] are assumed up to 2 transmission layers. Therefore, in order to verify the appropriate CSI reporting considering 4 Rx AP, we consider that it needs to introduce the new CSI reporting test for 4 Rx AP UE.

Proposal 4: Performance requirements of CSI reporting should be included into the scope of the potential WI.
2.3. Receiver type

In the most of the demodulation requirement in TS 36.101, MMSE receiver has been used as baseline receiver. Therefore we consider that MMSE receiver should be also used as baseline for the WI for 4 Rx AP.

Proposal 5: MMSE receiver should be used as baseline receiver for the potential WI.

However, several requirements assumed an enhanced receiver type, for example, MMSE-IRC receiver in Rel. 11 and SU-MIMO receiver (Maximum Likelihood detector and code word level IC) in Rel.12. 

Regarding MMSE-IRC receiver, the demodulation performance would be improved due to the increase of the spatial degrees of freedom. For example, if the MMSE-IRC receiver with 4 Rx AP is in cell-edge, up to three inter-cell interference signals can be suppressed, whereas MMSE-IRC receiver with 2 Rx AP can suppress only one inter-cell interference signal. Therefore, we consider that the MMSE-IRC receiver with 4 Rx AP would be beneficial, so RAN4 should specify the enhanced performance requirement assuming multi-cell environment for this receiver. 

Proposal 6: Enhanced performance requirement assuming multi-cell environment for MMSE-IRC receiver should be included into the scope of the potential WI. This is because the performance of MMSE-IRC receiver with 4 Rx AP would be improved compared to that with 2 Rx AP due to the increase of spatial degrees of freedom. 

On the other hand, SU-MIMO receiver with 4 Rx AP would be also beneficial considering receiver antenna diversity specifically in higher modulation order. Therefore, SU-MIMO receiver should be included in the scope of the WI for 4 Rx AP, and the performance gain and receiver complexity should also be discussed.

Proposal 7: SU-MIMO receiver should be included into the scope of the potential WI.
2.4. Number of Layers
We assume an example case where an eNB with 4 or 8 Tx AP transmits PDSCH signals to a UE with 4 Rx AP. If two layers transmission is used, the UE can utilize higher received diversity gain compared to that of 2 Rx AP UE. On the other hands, if four layers transmission is used, the UE can utilize higher spatial multiplexing gain compared to that of two layers transmission. The received diversity gain is important in the low to middle geometry area, and the spatial multiplexing gain is important in the middle to high geometry area. From an operator’s point of view, the both gains are important, so it is better to discuss the performance requirements of two and four layers and not to prioritize either of them.
Proposal 8: Performance requirements of up to four layers should be included into the scope of the potential WI.
Proposal 9: Not to prioritize either of one, two, and four layers.
3. Conclusion

In this contribution, we provided our views on scope and objectives which should be discussed in the potential WI in term of UE performance requirements. Our proposals are as below. 
Proposal 1: Performance requirements of PDSCH for verifying both diversity gain and spatial multiplexing gain should be included into the scope of the potential WI.

Proposal 2: Performance requirements of PDCCH and ePDCCH for verifying diversity gain should be included into the scope of the potential WI.

Proposal 3: Performance requirements of SDR test should be included into the scope of the potential WI.
Proposal 4: Performance requirements of CSI reporting should be included into the scope of the potential WI.
Proposal 5: MMSE receiver should be used as baseline receiver for the potential WI.

Proposal 6: Enhanced performance requirement assuming multi-cell environment for MMSE-IRC receiver should be included into the scope of the potential WI. This is because the performance of MMSE-IRC receiver with 4 Rx AP would be improved compared to that with 2 Rx AP due to the increase of spatial degrees of freedom. 

Proposal 7: SU-MIMO receiver should be included into the scope of the potential WI.
Proposal 8: Performance requirements of up to four layers should be included into the scope of the potential WI.
Proposal 9: Not to prioritize either of one, two, and four layers.
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