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1 Introduction

At RAN4#76bis, testing 4Rx RLM was discussed extensively, there were agreements defined in [1] and [3].  The 4Rx RLM testing agreements covered the following:

· RLM requirements are not updated with 4Rx and the core part of the 4RX WI can be concluded.

· Understanding is that core requirements are generic, so Qin & Qout BLER is consistent with the number of AP used by the UE for decoding. 

· How to apply the existing 2Rx RLM tests to 4Rx capable UEs with should be handled in a general way together with other RRM, UE demodulation and CSI tests in the performance part of the 4Rx WI.
However, at the end of the RRM session there was no consensus on all of the agreements in the ad hoc minutes for the RLM performance requirement.
In this contribution, we provide the analysis of RLM with 4Rx pertaining to understanding RLM core requirements. 
2 Discussion

In RAN4#76bis meeting, in the 4Rx ad hoc for RRM sessions [1] there were many discussions on the RLM with 4Rx requirements. There was no consensus reached on all the proposed agreements. However, no matter what test scenarios and signaling design, the RLM core requirements should be clear. 
In TS 36.133 [2], RLM tests are based on the assumption that the UE have two antenna ports. Therefore, it needs to be considered how such a test could be reused for RLM with 4Rx (4 antenna ports). Clearly, it would be expected that a UE with 4Rx and compliant with radio link monitoring based on Qout and Qin as defined TS 36.133[2] would fail the test based on the currently specified SNR values. Therefore, a UE with 4Rx would require different SNR levels in order to pass the RLM tests [4].   
As specified in TS 36.133[2] clause 7.6, it does not specify anything about receiver type in the radio link monitoring core requirements. Therefore, if nothing was changed in the specification it would mean that any UE is expected to detect that a downlink radio link cannot be reliably received based on a PDCCH block error rate of 10% (Qout) and improve based on a PDCCH block error rate of 2%. 
Radio link monitoring is based on Qout and Qin as defined TS 36.133[2], which is corresponding to a hypothetical PDCCH transmission block error rate of 10% (Qout) and 2% (Qin), respectively.  
	Radio Link Monitoring
The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission.

      The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission.




Observation 1: Without any changes to the current specification TS 36.133 [2], a UE with 4Rx and compliant with radio link monitoring based on Qout and Qin as defined TS 36.133[2] would fail the test based on the currently specified SNR.
Considerations for RLM core requirements have been discussed at RAN4#76bis meeting and are summarized below.

· A UE with 4Rx would require different SNR levels in order to pass the RLM tests [4].   
· A 4Rx UE should pass the 2Rx RLM tests when it’s indicated to use 2Rx for RLM and the current 2Rx test cases can be simply re-used. Similarly, a 4Rx UE should pass the 4Rx RLM tests when it’s indicated to use 4Rx for RLM, and the new test cases should be introduced with new SNR levels [5].  
· There is currently no consensus on the feasibility of introducing core requirements in TS 36.133[2] clause 7.6.1 based on 4Rx. It is also highlighted that the current text in TS 36.133[2] clause 7.6.1 simply defines PDCCH/PCFICH BLER corresponding to Qout and Qin, along with suitable evaluation periods and does not consider number of antenna ports or other aspects of receiver implementation [6].
Based on the contributions at RAN4#76bis meeting, it is clear that there is no consensus that the RLM core requirements are specified such that Qin and Qout BLER is consistent with the number of antenna ports used by the UE for decoding. 
After some consideration on the following proposed agreement:

· Understanding is that core requirements are generic, so Qin & Qout BLER is consistent with the number of antenna ports used by the UE for decoding. 

It is clear that some clarity is needed in the RLM core requirements.  Therefore, we think the recommendation of specifying the core requirements generically, so that Qin and Qout BLER are consistent with the number of antenna ports used by the UE for decoding is acceptable with some clarity.
Proposal 1: The RLM core requirements need to be modified.
Proposal 2: Add a note to the RLM core requirements clarifying that UEs are not excluded from using 4RX for radio link monitoring.
3 Conclusion 

In this contribution, we provided the analysis of RLM with 4Rx pertaining to understanding RLM core requirements. We also have the following observation and proposals.

Observation 1: Without any changes to the current specification TS 36.133 [2], a UE with 4Rx and compliant with radio link monitoring based on Qout and Qin as defined TS 36.133[2] would fail the test based on the currently specified SNR.
Proposal 1: The RLM core requirements need to be modified.

Proposal 2: Add a note to the RLM core requirements clarifying that UEs are not excluded from using 4Rx for radio link monitoring.
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