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Introduction
In the last RAN4 #86bis meeting, RAN4 agreed the way-forward on 8Rx demodulation and CSI test [1][2].

In this paper, we present our view on the open issues in the 8Rx test case design and applicability rules.
Discussion
Applicability Rules
Running eight receive RF chains adds the substantial implementation complexity and power consumption to the UE, compared to two or four receive antenna case. Four receive antennas may already provide enough diversity gain over fading in practice, and the additional array gain from eight receive antennas might be less than 3dB considering the practical impairment including the antenna gain differences and hardware design limitations. Therefore, it is reasonable to assume that 8Rx-capable UE may not always use all 8Rx for its demodulation and channel state feedback. 
First, when an 8Rx-capable UE is not configured with the transmission modes 9 or 10, it will never be scheduled with more than four layers and hence eight receive antenna operation is no longer strictly required. UE may choose to turn off the half (or more) of its RF chains to achieve more favorable power-performance tradeoff. Therefore, 8Rx demodulation/CSI test introduced for the CRS-based transmission modes should not be run on such UE.
Observation 1. UE capable of 8Rx may not use all 8Rx when configured with the transmission modes that does not support a rank higher than 4.
Furthermore, even if an 8Rx-capable UE is configured with the transmission mode 9 or 10, the UE may want to turn off the half (or more) of its RF chains when the channel condition is far worse to support the higher ranks = {5, 6, 7, 8} and/or when there is not enough PDSCH scheduling.
Observation 2. UE capable of 8Rx and configured with the transmission modes 9 or 10 may not always use all 8Rx if the channel condition cannot support the rank higher than 4.
Considering the above observations, RAN4 should define a proper applicability rules for the 8Rx tests defined for CRS-based and DMRS-based transmission modes. Note that there is no explicit UE capability for 8Rx and it is just inferred from the 8-layer capability, which is only applicable to the DMRS-based transmission modes. Therefore, for CRS-based transmission modes, the conformance test needs to rely on the manufacturer declaration to determine the applicability of the 8Rx demodulation test defined for the CRS-based transmission modes. Furthermore, for the DMRS-based demodulation/CSI test cases for 8Rx UE, it is desirable to define the tests based on the rank higher than four in order to avoid the ambiguity in the actual number of receive antennas used by the UE. Lastly, given that the existing test defined for DMRS-based transmission modes are all based on the rank less than or equal to four, it is not clear whether the 8Rx-capable UE would always use the all 8Rx in those test conditions. Therefore, we encourage the companies to further investigate the proper applicability rules for the existing DMRS-based test cases to the 8Rx-capable UE.
Proposal 1. New 8Rx demodulation test defined for CRS-based transmission modes is tested only for the UE that is indicated to use 8Rx for those tests per manufacturer declaration.

Proposal 2. New 8Rx demodulation/CSI test for the DMRS-based transmission modes is defined only for the rank higher than four.
Proposal 3. RAN4 to investigate the proper applicability rule for the existing 2Rx/4Rx tests to 8Rx-capable UE, considering 
· Potential UE fallback to four receive antennas in the absence of higher rank PDSCH scheduling in DMRS-based transmission modes
· Potential UE implementation not to run eight receive antenna in CRS-based transmission modes
Demodulation tests
For the 8Rx-based demodulation test for the CRS-based transmission modes, RAN4 already agreed with the corresponding test configuration [1], which per Proposal 1, would be run only for those UEs, per manufacturer declaration, using 8Rx when configured with the CRS-based transmission modes. 
For the 8Rx-based demodulation test for the DMRS-based transmission modes, we propose to define the test only for rank higher than four, including at least one or more ranks from {5, 6, 7, 8}. Considering that existing 4-Layer demodulation tests were defined under 16QAM modulation, the demodulation tests for higher ranks can be defined based on the same modulation order. 
Proposal 4. Introduce 8Rx demodulation test(s) for TM9 for rank higher than four, selecting at least one rank from {5, 6, 7, 8}, based on 16QAM modulation order in EPA5 fading channel condition.
SDR tests
As discussed in [3], for 256QAM SDR test for TM9 with the rank higher than four, we propose to consider one of the two options.
Proposal 5. Consider the following options for 256QAM FDD SDR test for rank > 4:
- Option 1: Rank8 + MCS20
- Option 2: Rank6 + MCS21
Regarding the SDR tests for the rank less than or equal to four, we propose to re-use the exising tests by defining proper antenna mapping and applicability rules. In particular, since the legacy SDR tests are defined based on the CRS-based transmission modes, any tightening of the SNR requirement for 8Rx UE (to be discussed in RAN4) is applied only for the UE that has indicated, per manufacturer declaration, it uses all eight receive antennas for those SDR tests.
Proposal 6. For 8Rx-capable UE, re-use existing SDR tests for rank less than or equal to four by defining the proper applicability rules including the manufacturer declaration for the UE’s 8Rx support in the CRS-based transmission modes.
CSI tests
RAN4 needs to determine the set of CSI tests for 8Rx UE. Considering the preceding observations and proposal, we propose the CQI definition test to be defined for TM9 rank 8. Additionally, CQI definition test for TM3 may be defined, which is subject to the applicability rule. 
Proposal 7. Introduce TM9 rank8 CQI definition test in AWGN channel.
For the CQI reporting test in the fading channel, we propose not to define any new test for 8Rx. Existing CQI reporting tests under fading channel introduced for 4Rx UE were defined only for the enhanced receiver type A under the rank 1 transmission to verify the UE’s interference suppression performance. Considering that 4Rx already provides enough interference nulling gain and that UE may not even use all 8Rx when scheduled with lower ranks, our view is that no new CQI reporting test under fading is necessary for 8Rx UE.
Proposal 8. Do not introduce a CQI reporting test under fading channel for 8Rx UE.
Finally, regarding the RI test, our view is that it does not need to introduce any new RI test for CRS-based transmission modes since there is no higher rank introduced. For DMRS-based transmission modes, any new RI test, if introduced, should verify the accuracy of the reported rank at high SNR regime where the UE reports higher than rank four. However, considering the wide range of the ranks different 8Rx UEs may report at high SNR, RAN4 may need to check the feasibility of defining a suitable test point for the RI test before agreeing to define the RI test. 
Proposal 9. Do not introduce any new 8Rx RI test for CRS-based transmission modes, or DMRS-based transmission modes with maximum rank less than or equal to four.
Proposal 10. RI test for TM9 with rank higher than four is FFS.
Conclusions
In this paper, we presented our view on the open issues in the 8Rx test case design and applicability rules. Observations and proposal made in this paper are summarized as follows:

Observation 1. UE capable of 8Rx may not use all 8Rx when configured with the transmission modes that does not support a rank higher than 4.
Observation 2. UE capable of 8Rx and configured with the transmission modes 9 or 10 may not always use all 8Rx if the channel condition cannot support the rank higher than 4.
Proposal 1. New 8Rx demodulation test defined for CRS-based transmission modes is tested only for the UE that is indicated to use 8Rx for those tests per manufacturer declaration.
Proposal 2. New 8Rx demodulation/CSI test for the DMRS-based transmission modes is defined only for the rank higher than four.
Proposal 3. RAN4 to investigate the proper applicability rule for the existing 2Rx/4Rx tests to 8Rx-capable UE, considering 
· Potential UE fallback to four receive antennas in the absence of higher rank PDSCH scheduling in DMRS-based transmission modes
· Potential UE implementation not to run eight receive antenna in CRS-based transmission modes

Proposal 4. Introduce 8Rx demodulation test(s) for TM9 for rank higher than four, including at least one rank from {5, 6, 7, 8}, based on 16QAM modulation order in EPA5 fading channel condition.
Proposal 5. Consider the following options for 256QAM FDD SDR test for rank > 4:
- Option 1: Rank8 + MCS20 
[bookmark: _GoBack]- Option 2: Rank6 + MCS21 
Proposal 6. For 8Rx-capable UE, re-use existing SDR tests for rank less than or equal to four by defining the proper applicability rules including the manufacturer declaration for the UE’s 8Rx support in the CRS-based transmission modes.
Proposal 7. Introduce TM9 rank8 CQI definition test in AWGN channel.
Proposal 8. Do not introduce a CQI reporting test under fading channel for 8Rx UE.
Proposal 9. Do not introduce any new 8Rx RI test for CRS-based transmission modes, or DMRS-based transmission modes with maximum rank less than or equal to four.
Proposal 10. RI test for TM9 with rank higher than four is FFS.
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