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1 
Introduction
In last RAN#67 meeting a new WI of DL 4Rx antenna ports was approved [1]. The objectives of this new WI from RRM requirement perspective are: 
· Study feasibility of RLM requirements with 4 Rx antenna 

· The outcome of the feasibility study is decision on whether RLM requirements need to be specified.

· Specify RLM requirements based on the outcome of the above feasibility of using 4 Rx for RLM requirements

In this paper we analyze the impacts of 4RX on the RLM requirements. 
2 
Discussion
In [2] the RLM related issues include several aspects:
· RLM core requirements which define the criteria on when out-of-sync (OOS) and in-sync (IS) indications should be sent under different circumstances.  
· RLM test cases and the corresponding parameters ,e.g. out-of-sync and in-sync SNR thresholds
The analysis of the impacts of 4RX on RLM will be presented from these two aspects above respectively.

i. RLM core requirements
As an example, the core requirements for RLM in case of non-DRX are specified in [2] as 

	“When the downlink radio link quality of the PCell estimated over the last 200 ms period becomes worse than the threshold Qout, Layer 1 of the UE shall send an out-of-sync indication for the PCell to the higher layers within 200 ms Qout evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in TS 36.331 [2].

When the downlink radio link quality of the PCell estimated over the last 100 ms period becomes better than the threshold Qin, Layer 1 of the UE shall send an in-sync indication for the PCell to the higher layers within 100 ms Qin evaluation period. A L3 filter shall be applied to the in-sync indications as specified in TS 36.331 [2].

When the UE creates autonomous gaps for identification the CGI of an E-UTRA intra-frequency cell or an E-UTRA inter-frequency cell and when higher-layer signalling indicates certain subframes for restricted radio link monitoring, the UE shall also perform radio link monitoring. In this case, the Qout evaluation period (TEvaluate_Qout) is 200 ms, and the Qin evaluation period (TEvaluate_Qin) is 100 ms Note 1.”


With that, it is observed
Observation 1: RLM core requirements in [2] are defined by the duration of Qout/Qin evaluation period with no Qout/Qin values specified. 

That is the RLM core requirements are independent with PDCCH/PCFICH detection performance improvement because of 4RX, e.g. SNR. Similarly, for LC-MTC UE with 1RX in Rel12 [3], there is no new RLM core requirement but the new RLM test parameters (e.g. Qout/Qin) were defined. Therefore, it can be anticipated that no need to revisit the new RLM requirements for 4Rx UE particularly. 
Observation 2: The core RLM requirements for 4RX will be not impacted even with better PDCCH/PCFICH demodulation performance of 4RX is obtained.
Based on the observations above, we can propose:
Proposal 1: RLM core requirements based on 2Rx as baseline receiver [2] can be reusable for 4RX UE. 

ii. RLM testing parameters

For RLM testing when 4 RX is the baseline simulation assumption, PDCCH/PCFICH BLER performance should be improved compared with 2Rx cases. .
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Figure 1. Illustration of SNR_Qout of 4Rx
In general, one of purposes of RLM test is to verify that the UE can detect the OoS /IS and monitor downlink radio link quality correctly. For example when UE’s BLER is higher than 10% at the SINR threshold of OoS (Qout) the counter of RLF (N310), will be triggered. Due to the PDCCH/PCFICH performance gap between 4Rx and 2Rx, it is impossible to reuse Qout of 2RX UE fo 4Rx UE. Same analysis can be applicable for the other RLM testing parameters accordingly, e.g. Qin. Therefore, new test parameters including Qout and Qin need to be specified for 4RX UE.
Observation 3: Theoretically 4RX UE should be able to provide better PDCCH/PCFICH demodulation performance than the legacy 2Rx UE because of the higher antenna diversity gain. The corresponding Qin and Qout shall be different for 4Rx in comparison with the existing 2Rx based testing parameters. 

Observation 4: Without defining new 4Rx based test cases, 4Rx UE cannot pass the existing RLM test cases.

Furthermore, as discussed in the last RAN4 meeting, cell coverage enhancement is expected to be achieved by introducing 4-RX UEs in a Rel-13. In order to guarantee the correct UE behaviors under the extended coverage for 4RX UEs, the specific test cases for RLM SNR threshold shall be introduced for 4RX capable UE.
Proposal 2: New RLM test cases including new parameters (e.g. Qin and Qout) shall be defined for 4RX WI [1].
3 
Conclusion
In this contribution, our preliminary views from RRM perspective on WI of 4RX [1] are presented. In conclusion, the following proposals can be drawn: 
Proposal 1: RLM core requirements based on 2Rx as baseline receiver [2] can be reusable for 4RX UE. 

Proposal 2: New RLM test cases including new parameters (e.g. Qin and Qout) shall be defined for 4RX WI [1].
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