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1. Introduction
The RLM requirements for 4Rx have been under discussion for several meetings. In RAN4#76 bis it was agreed not to introduce any new core requirements for RLM with 4Rx and the core part of the WI was closed in RAN#70. The basic understanding is that the UE will perform RLM based on 2Rx or 4Rx and this will be aligned with how the UE performs PDSCH demodulation. In this paper we briefly look at the feasibility of running the RLM tests considering this agreement.
2. Discussion
Currently in 36.133 there are many RLM tests for in-sync and out of sync with different antenna/channel configurations or RRC configuration (DRX or non-DRX, measurement resource restriction configured or not, etc). Below we consider the simple out of sync test(non-DRX, no special RRC configuration) as being representative. The discussion here can easily be extended to all the other tests (in-sync test also as it is a subset of the out of sync test.
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Figure 1. SNR Levels in the out of sync test

	
	OoS
	IS

	2Rx
	~-11.5
	~-5.5

	4Rx
	~-13.5
	~-9


Table 1. OoS and IS levels

	SNR1
	SNR2
	SNR3
	SNR4
	SNR5

	-2.3
	-6.2
	-12.2
	-7.3
	-2.3


Table 2. SNR levels in Out of sync test

Figure 1shows the SNR levels in the out of sync test. On top of the levels defined in the current the Qin and Qout levels are tentatively plotted with the red dotted line. The OoS and IS approximate levels considered are shown in Table 1. The SNR levels in the out of sync test are shown in Table 2. One important thing to note is that the 2Rx OoS level is below the IS level with 4Rx but the difference is relatively small.
In order to have a universal test that applies to both 2Rx and 4Rx, the SNR2 level should ideally be set between the 4Rx IS level and the 2Rx OoS. However, based on the levels in Table 1, this setting would leave very little margin in the SNR setting. Hence, SNR2 could be left as is or the test could be modified such that a level between Qin and Qout is not used anymore(drop SNR2 from the test and go directly from SNR1 to SNR 3). 
The SNR4 level should be set between Qout and Qin in such a way that the UE does not go into Qin yet. Based on Figure 1, this level should be between 2Rx Qout and 4Rx Qin. Since the difference between these level is rather small(~2.5dB) it is rather difficult to find a proper SNR point that would provide enough margin for a reliable test. The margins added to the Qin and Qout levels derived from simulations in Rel.8 was between 2dB and 3dB. SNR4 should be removed from the test and SNR3 should be used during T4.
The SNR3 level has to be set below the lowest Qout level, hence, this level will have to be lowered to a few dB below the 4Rx Qout level. This level would ensure that the UE goes out of sync irrespective of the number of receivers.
Considering the above, it is feasible to modify the RLM tests in order to guarantee the UE behavior related to out of sync and in-sync for both 2Rx and 4Rx based RLM. The test modified based on the discussion above will guarantee that the UE will not go into out of sync at level that is too high(not higher than the current level) and will also enable a UE that performs RLM based on 4Rx to use a lower Qout threshold.   
Proposal: Modify the RLM tests for 4Rx UEs by lowering SNR3 and using SNR3 also during T4.
The other RLM tests can be modified accordingly.
3. Conclusion
In this paper we analysed the feasibility of modifying the RLM test cases based on the latest agreement related to the RLM core requirements. Based on our analysis we made the following proposal:
Proposal: Modify the RLM tests for 4Rx UEs by lowering SNR3 and using SNR3 also during T4.

This proposal will guarantee that a UE will not go into Qout at a too high SNR and will also enable a 4Rx UE to have a lower Qout level.
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