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1. Introduction
In Rel-13 WI “LTE DL 4 Rx antenna ports”, RAN4 specified a new RF, RRM and performance requirements for UE with 4 Rx antenna. With the progress of WI, a lot of new issues were identified regarding 4 Rx UE operation and test methodology. Though many of those issues were resolved, there are still many open issues that requires further discussion and work in RAN4. In this contribution, we provide summary of open issues for 4 Rx requirements and our proposal on how RAN4 should resolve these issues. 
2. Open issues
2.1. Tx EVM requirement for 4 layer MIMO
As elaborated in [1], 4 layer MIMO requires substantial improvement in both eNB and UE performance to achieve full potential gain of 4 layer MIMO. Since RAN4 is specifying demodulation and CSI feedback performance requirement for 4 layer MIMO including SDR test, RAN4 should consider specifying similar requirement for eNB transmitter. Otherwise, it is not guaranteed that investment of UE vendors to support 4 layer MIMO will be fully rewarded by system capacity gain. Since RAN4 already discussed this issue over several meetings, a few more meetings would be sufficient to reach consensus on Tx EVM requirement for 4 layer MIMO. 
2.2. SDR test for 4 layer MIMO
Single carrier SDR test for 4 layer MIMO has been discussed in RAN4 for multiple meetings and all of technical issues were resolved. The only pending issue is MCS selection and there are two different views. 
· MCS selection for 4 layer MIMO SDR test should be contingent on tightening of 4 layer MIMO Tx EVM. 

· MCS for 4 layer MIMO SDR test should be selected as the highest MCS irrespective of 4 layer MIMO Tx EVM requirement. 

RAN4 also identified the issue of 4 layer SDR test for CA. Main issue here is specifying test applicability rule for various UE implementation with mixed support of 2 layer and 4 layer in different CCs. Since the issue is also related to generic CA test framework for 4 Rx UE, RAN4 seems to require more time to come up with reasonable solution. 
2.3. Legacy demod/CSI test method for type 2 UE
RAN4 needs to determine how existing tests can be applied to type 2 UE, i.e., UE that supports 4 Rx in all band. RAN4 has discussed this issue in multiple meetings and at least agreed on test method for RRM and RLM tests. However, for demodulation and CSI tests, there are still significantly different views among companies. Antenna connection options on the table are
· Option 1: Connect 2 Rx antenna while other 2 Rx antennas are terminated. 

· Option 2: Connect 4 Rx antennas by extending propagation channel from Nx2 to Nx4 and adding independent noise on all 4 Rx antenna. 

· Option 3: Connect 4 Rx antennas by duplicating channel output and adding independent noise on all 4 Rx antenna. 

For antenna connection option 2 and option 3, there are two alternative views on how to specify requirement. 
· Option 1: Maintain same requirement of existing tests.

· Option 2: Tightened the requirement in consideration of Rx combining gain. 
Considering that type 2 UE is viable UE type at least for CPE or router type device, RAN4 should specify appropriate test method to avoid test coverage hole. 
2.4. Advanced receiver requirement for 4 Rx UE
RAN4 specified different type of advanced receiver including FeICIC, type A (MMSE-IRC), type B (NAICS), type C (SU-MIMO), CRS-IM receiver. In 4 Rx WI, RAN4 already specified PDSCH demodulation requirement for MMSE-IRC receiver. On the other hand, there was also a request to further investigate the performance of 4 Rx MMSE-IRC higher rank serving PDSCH or interfering PDSCH. For other advanced receiver requirements, it is not straightforward to expand them to 4 Rx UE since it requires significant increases in UE baseband processing while system capacity gain relative to MMSE-IRC receiver needs justification. 
2.5. CA demodulation and CSI requirement for 4 Rx UE

In current RAN4 specification, CA demodulation and CSI requirements are specified under the assumption that UE supports 2 Rx antenna in each CC. When UE supports 4 Rx antenna in CA, 4 Rx antenna will be supported in subset of CCs while 2 Rx are still used in remaining CCs. For CA performance requirement for 4 Rx UE, RAN4 needs to address following issues. 
· Test applicability rule for CA UE with mixed 2 Rx and 4 Rx support in different CCs. 

· Single carrier performance requirement to be applied to 4 Rx CC. 
Even though RAN4 can leverage many of CA performance work in Rel-12, it will still require substantial meeting time and specification work. 
3. Rel-14 WI scope

Considering the range of open issues and expected meeting time and specification work, it would be desirable to start a new Rel-14 WI to cover all open issues. For new Rel-14 WI for 4 Rx UE, we believe at least following issues should be included in the WI scope. 
· Tx EVM requirement for 4 layer MIMO

· SDR requirement for 4 layer MIMO

· Legacy demod/CSI test method for type 2 UE

· CA demodulation and CSI requirement for 4 Rx UE
On the other hand, we would like to exclude any advanced receiver feature combined with 4 Rx since it requires further justification in terms of UE implementation complexity and potential system level gain.
4. Conclusion

In this contribution, we provided a summary of open issues for 4 Rx UE requirement. Our proposals are
Proposal 1. Address following open issues for 4 Rx UE in a new Rel-14 WI. 

· Tx EVM requirement for 4 layer MIMO

· SDR requirement for 4 layer MIMO

· Legacy demod/CSI test method for type 2 UE

· CA demodulation and CSI requirement for 4 Rx UE
Proposal 2. Exclude any advanced receiver requirement for 4 Rx UE from the new Rel-14 WI. 
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