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1   Introduction
Before introduction of 4Rx demodulation performance requirements, all the requirements are based on 2Rx including CA performance requirements. For the 4Rx UE, whether and how we should specify the CA demodulation performance requirements need more discussion. In this contribution, we will discussion those issues. 
2   Discussion
2.1   4Rx CA tests: MMSE reference receiver
Firstly we would like to review the existing 2Rx based CA demodulation performance requirements. 

The main purpose of CA demodulation performance requirement is to verify whether UE has sufficient resources to handle the reception on multiple CCs simultaneously. The test is most of functionality.
The reference receiver for the existing CA demodulation requirements is MMSE receiver.

The test cases of the existing CA demodulation performance requirements include:

· Normal test: TM1 (2Tx), TM3 (2Tx) and TM4 (4Tx);

· Soft buffer test: TM3 test for verification of instantaneous buffering for UE category 3 and 4;

· Power imbalance test for intra-band contiguous CA: verify the image rejection of Rx RF channel;

· Timing offset test for intra-band non-contiguous CA: verify the shared LNA for CA_3A-3A for non-collocated scenario;

· Intra-band contiguous CA test with minimum spacing: verify the capability of support minimum spacing for band 41;

· SDR test: verify the support of peak data rate for a certain UE category and verify the RF channel to support CA;

· CQI test: verify whether UE can conduct the CQI estimation separately on different CC-s.

In principle, for the new 4Rx demodulation performance requirements, we would like to keep the same test purpose and have the similar test coverage for 4Rx CA capable UE. And at the same time we try to minimize the specification and test efforts.
According to previous discussion, there would be three approaches to specify CA performance requirements for 4Rx UE:
· Option 1: Specify 4Rx CA fading demodulation tests, and specify CA SDR tests with 4-layer;

· Option 2: Not specify 4Rx CA fading tests but specify CA SDR tests with 4-layer;

· Option 3: Reuse 2Rx based CA fading tests, and specify CA SDR tests with 4-layer.

The first two options were provided in the previous discussion. And here we propose Option 3 as alternative approach. And we prefer Option 3.
For Option 1, the more efforts to specify the new test setup and requirements for 4Rx are needed. In our view, by reusing the existing 2Rx CA fading tests, the same test purpose can be met. In another contribution, we share our view on how to reuse the existing 2Rx tests for 4Rx UE. There, we pair the two Rx antennas to group A and the other two to group B. And we will duplicate the signal to two Rx in the same group, and input the statistically independent NOC to them. And the correlation level between two groups is the same as that for 2Rx.
Under such condition, UE is required to performance channel estimation, noise estimation and other operations on each of 4Rx antennas. Otherwise UE will fail to pass the test. Given that CA test is of most functionality, the hardware to support 4Rx will be tested in the same level as the approach to introducing the brand new 4Rx CA fading test.
One possible issue for 4Rx CA test is that we could not always conduct the 4Rx test on every CC, because the support of 4Rx is not band agonistic. If using Option 3, it would be easier to conduct the test: if on a certain CC 4Rx was supported, we could connect 4Rx and otherwise connect two; the same test setup and requirements could be reused.
For Option 2, it would be argued that the test coverage is not balanced between 2Rx and 4Rx, although we think Option 2 would be also OK because MMSE receiver is not too complex and the algorithm can be easily extended to all the carriers.
· Proposal 1: Based on MMSE receiver assumption, we propose to reuse 2Rx based CA fading tests, and specify CA SDR tests with 4-layer for 4Rx CA capable UE.
One possible argument would be that there is no 3/4-layer MMSE CA performance requirement under fading channel. And to implement 3/4-layer MMSE, more effort is needed. In our view, supporting 3/4-layer MMSE on CA mode could be verified by SDR tests.
Generally, we follow the principle that the algorithms including channel estimation, noise estimation and equalizer for MMSE receiver can be verified in single carrier mode and the CA tests mainly verify whether there are sufficient hardware and other implementation resources to handle simultaneous receptions on multiple carriers.
2.2   4Rx CA tests: advanced receiver

Unlike the MMSE receiver, the different UE implementation and algorithms will be expected on individual CC-s, when talking about the CA demodulation performance requirements for advanced receiver, including 
· CRS-IC(FeICIC)/CRS-IM;

· Type A (MMSE-IRC);

· Type B (NAICS);

· Type C (SU-MIMO advanced receiver);

· Receiver supporting TM10 with non-Quasi-collocation assumption.
Even for 2Rx receiver, there is no clear conclusion on the combination of CA and the advanced receiver, let alone 4Rx UE. The main reason is that the advanced receiver needs much more resources especially hardware compared to MMSE. Given the limitation of size of chipset, it is over-demanding for UE to support the advanced receiver on each CC. The complexity increases non-linearly with the number of CC-s. Besides, it is not justified that support of advanced receiver on all CC-s simultaneously is very useful.
It would be beneficial to further discuss the combination of CA + advanced receiver or CA+4Rx+advanced receiver in the future release.
In Rel-13, we propose to discuss the CA tests for 4Rx UE only based on MMSE reference receiver.

· Proposal 2: In Rel-13, only consider MMSE receiver as reference receiver for CA test for 4Rx UE.

· Proposal 3: Further study the capability combination of CA + advanced receiver or CA+4Rx+advanced receiver in the future release, e.g., considering a new WI.
3   Conclusion / Proposals
In this contribution, we discuss whether and how to specify the CA demodulation performance requirements for 4Rx UE. Based on the analysis, we have the following proposals:
· Proposal 1: Based on MMSE receiver assumption, we propose to reuse 2Rx based CA fading tests, and specify CA SDR tests with 4-layer for 4Rx CA capable UE.

· Proposal 2: In Rel-13, only consider MMSE receiver as reference receiver for CA test for 4Rx UE.

· Proposal 3: Further study the capability combination of CA + advanced receiver or CA+4Rx+advanced receiver in the future release, e.g., considering a new WI.
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