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1 Introduction
The WI of DL 4 Rx antenna ports [1] has been approved at RAN#67 meeting. On the RRM core requirement, the objectives of the WI 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 last RAN4 meeting, there were extensive discussions about the feasibility to define RLM core requirements and/or test cases with 4Rx, where the main issue is potential UL/DL coverage imbalance. No conclusion was reached on the feasibility.   
On the other hand, the WF [2] suggesting to reuse same definition of Qin/Qout as in Rel-8 was agreed,
· Radio link monitoring is based on Qin and Qout, which are corresponding to a hypothetical PDCCH transmission block error rate of 2% and 10% respectively. 
In addition, the agreed WF also includes simulation assumptions for evaluation the link level performance of PDCCH demodulation with 4Rx.
In this paper, we will continue the discussion on the feasibility to define RLM core requirements and/or test cases with 4Rx. We will also show our simulation results comparing the PDCCH demodulation performance between 2Rx and 4Rx, and will provide our preference on how the gain of 4Rx should be reflected in the RLM core requirements and/or test cases. 
2 Discussion
During the discussion in last RAN4 meeting, some companies raised the concern to define RLM core requirements and/or test cases with 4Rx, that there may be coverage imbalance between UL and DL since only DL coverage is improved by using 4Rx for RLM. We do not think the coverage in DL and UL have to be coupled. RLM is pure DL procedure where UE is taking the responsibility to determine if the DL radio quality is sufficiently good to maintain the connection, and we believe in a similar manner, eNB can also implement some mechanisms to ensure reasonable UL radio quality for all connected UEs.    
Observation 1: It is feasible to define RLM core requirements and/or test cases with 4Rx since UL coverage will be handled by eNB implementation.
With the agreed simulation assumption in [2], our simulation results comparing the PDCCH demodulation performance between 2Rx and 4Rx are summarized in Table 1 and Table 2, for out of Sync and In Sync, respectively. The more detailed results can be found in Annex. From the results, it can be seen that using 4Rx for PDCCH demodulation can provide around 2.5dB gain compared to 2Rx. 
Observation 2: The 4Rx gain in PDCCH demodulation is 2.5dB.


Table 1 PDDCH demodulation performance for out of sync
	
	Channel model
	Antenna configuration
	Required SNR @10% BLER(dB)
	Gain from 4Rx usage (dB)

	Out of Sync
	AWGN
	
	1x2
	-11.6
	-

	
	
	1x4
	-13.8
	2.2

	
	
	2x2
	-11.6
	-

	
	
	2x4
	-13.9
	2.3

	
	ETU70
	1x2
	-10.0
	-

	
	
	1x4
	-12.8
	2.8

	
	
	2x2
	-10.8
	-

	
	
	2x4
	-13.2
	2.4


Table 2 PDDCH demodulation performance for in sync
	
	Channel model
	Antenna configuration
	Required SNR @2% BLER(dB)
	Gain from 4Rx usage (dB)

	In Sync
	AWGN
	
	1x2
	-6.9
	-

	
	
	1x4
	-9.3
	2.4

	
	
	2x2
	-6.9
	-

	
	
	2x4
	-9.4
	2.5

	
	ETU30
	1x2
	-4.8
	-

	
	
	1x4
	-8.0
	3.2

	
	
	2x2
	-5.7
	-

	
	
	2x4
	-8.6
	2.9

	
	ETU70
	1x2
	-4.7
	-

	
	
	1x4
	-8.0
	3.3

	
	
	2x2
	-5.6
	-

	
	
	2x4
	-8.7
	3.1



Since the definition of Qin/Qout is not changed from Rel-8, the gain means UE using 4Rx for RLM can either stay in the cell with lower SNR condition, or it can stay with the same SNR as 2Rx but with reduced PDCCH transmission resource (in terms of transmission power or CCE aggregation level). 
In our view, RLM is concerned with cell coverage, so it is more proper to capture the 4Rx gain by keeping the UE in the lower SNR range. Adaptation of PDCCH transmission resource is more a demodulation issue, and it does not have to be connected to RLM where minimum SNR for UE to stay in the cell is concerned. For example, the gain of reduced PDCCH transmission resource should also be achievable with medium or even high SNR. In other words, test of RLM is different from test of demodulation performance in low SNR range because the PDCCH transmission is hypothetical.
Proposal 1: For RLM, the 4Rx gain is reflected by lowering SNR condition under which UE can stay in the cell. 
There were also some discussions in last RAN4 meeting on the how to test the 4Rx RLM given the 4Rx usage is opportunistic. As a general principle, we think the UE should use same number of Rx for RLM as for PDCCH demodulation. It is then possible that a UE equipped with 4Rx may fall back to 2Rx for some reasons (this is a correct implementation) and fail the 4Rx RLM test. In our view, there are two approaches to solve the problem. 
One is to define the scenario where UE is forced to use 4Rx, or equivalently to define the scenario where 4Rx gain is prioritized over additional power consumption. However, it may be difficult to characterize such scenarios since the 4Rx gain should be evaluated on system level in a dynamic manner, and it is not reasonable to define certain scenarios in the specification. 
Another approach is to introduce new signalling so that the number of used Rx for RLM at UE side is known to eNB. The 4Rx RLM test will only apply when UE is using 4Rx. eNB could also utilize the information to optimize the transmission resource to the UE.    
Proposal 2: UE should use same number of Rx for RLM as for PDCCH demodulation, and new signalling should be considered to make this number known to eNB.
3 Conclusions 
In this paper, we analyzed the feasibility and necessity to define core requirements and/or test cases with 4Rx RLM. We also provide our preference on how to capture the 4Rx gain in RLM, and how to make the 4Rx RLM test. In particular, we have the following observations and proposals.
Observation 1: It is feasible to define RLM core requirements and/or test cases with 4Rx since UL coverage will be handled by eNB implementation.
Observation 2: The 4Rx gain in PDCCH demodulation is 2.5dB.
Proposal 1: For RLM, the 4Rx gain is reflected by lowering SNR condition under which UE can stay in the cell. 
Proposal 2: UE should use same number of Rx for RLM as for PDCCH demodulation, and new signalling should be considered to make this number known to eNB.
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Annex
In the annex, the simulation results based on the assumptions in [2] are shown in detail. 
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Figure 1 Out of Sync performance with AWGN channel
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Figure 2 Out of Sync performance with ETU70 channel
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Figure 3 In Sync performance with AWGN channel
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Figure 4 In Sync performance with ETU30 channel
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Figure 5 In Sync performance with ETU70 channel
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