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1 Introduction
RAN4 has been discussing RRM requirements for non-BL/CE UE for several meetings. It was agreed that in Rel-13 the Cat-M1 requirements apply to non-BL/CE UE, and in Rel-14 some enhanced RRM requirements are investigated. In this paper, we focus on RLM requirements and related tests.  
In RAN4#83, a WF [1] regarding RLM for non-BL/CE UE was agreed. The points are copied below. 

	· RAN4 will study the RLM evaluation period for BL/CE UE with 2Rx, when no DRX is used, for the following scenarios in Rel-14
· CE Mode A Out-of-synch
· CE Mode A In-synch
· CE Mode B Out-of-synch
· CE Mode B In-synch 
· Companies are encouraged to provide the investigation results for the RLM evaluation period considering the effectiveness of receiver diversity in RAN4#84
· Side condition: 
· CE Mode A: EPA5/ETU30 with SNR = -6dB
· CE Mode B: EPA1/ETU1 with SNR = -15dB


In this paper, we will provide our views on RLM requirements and related tests for non-BL/CE UE. 
2 Discussion 
The RLM core requirements for Cat-M1 UE are defined in section 7.19 of 36.133. Compared to legacy RLM requirements, Cat-M1 requirements are based on the newly introduced MPDCCH, and the configured MPDCCH repetition level and aggregation level are used for Qout/Qin calculation. 

The core requirements also define the evaluation period for Qout and Qin. When DRX is in use, the evaluation period for Cat-M1 is same as for Cat-0 and other legacy categories, so it should be re-used for non-BL/CE UE. Requirements without DRX is summarized in [1] as below, and companies are encouraged to investigate if the Cat-M1 requirements should be re-used or enhanced for non-BL/CE UE. 
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The RLM evaluation period (T_eval) is the time within which UE shall report L1 out-of-sync/in-sync when the channel estimated over last T_eval becomes worse/better than Qout/Qin. 

On one hand, T_eval should be long enough to cover at least one fading cycle of the channel. For example, the propagation channel is assumed to be EPA1/ETU1 for CEModeB. With 1Hz Doppler spread, the channel coherence time is ~1s, and if T_eval is set less than 1s, UE may wrongly trigger L1 out-of-sync/in-sync since the measured SINR is biased due to constant channel fading. In this sense, the T_eval for CEModeB should be unchanged.
On the other hand, T_eval should be long enough, and at the same time not over-relaxed, for UE to achieve certain accuracy in SINR measurement. In this sense, T_eval should be decided together with other factors like the expected accuracy and expected SINR side condition. The accuracy of the SINR measurement is specified as part of the test case, and is different for different channels (AWGN or fading channel) and SINR conditions (Qin or Qout). The SINR side condition is up to network deployment. 

For UE with 2Rx (non-BL/CE UE), the measurement performance should be improved compared to 1Rx (Cat-M1 UE) and this can be reflected as 
· Better accuracy, or

· Shorter evaluation time, or

· Worse SINR condition.  

Our preference is to keep SINR side condition unchanged but to shorten T_eval. As the current assumption is that non-BL/CE UE could use 1Rx or 2Rx for RLM (up to UE implementation), in real deployment, network cannot assume non-BL/CE UE always has larger coverage than Cat-M1 UE, so the mobility settings would likely be same, which means non-BL/CE UE is going to work in the same SINR side condition as Cat-M1 UE. The accuracy, which is only visible in the tests, should be decided by the SINR setting in the test cases and the evaluation period. 
As discussed earlier, such enhancement to T_eval is not applicable to CEModeB, as the limiting factor is the channel coherence time. Therefore, our proposal is to enhance T_eval for CEModeA to the same values as for legacy UE categories (where 2Rx is assumed).

Proposal 1: For non-BL/CE UE, RLM evaluation period for CEModeA non-DRX is 200ms for out-of-sync and 100ms for in-sync.

Next we will discuss the RLM tests for non-BL/CE UE. The RRM test cases for Cat-M1 UE are defined in section A.7.3.48-59, for CEModeA only. What is defined in the test cases is the Qout and Qin levels for specific MPDCCH configurations under specific propagation conditions. The SNR levels were derived based on the assumption of 1Rx, together with other assumptions as agreed in [2].

We conducted the same simulation but with 2Rx to understand the difference in Qin and Qout values when non-BL/CE UE is using 2Rx for SINR-BLER mapping. The simulation results are summarized in Table 1, in the form of relative gain of 2Rx over 1Rx. From the results, it can be seen that with 2Rx the SNR gain can be from 1.7dB to 4.1dB. 
Table 1: Simulation results for MPDCCH performance, relative gain of 2Rx over 1Rx
	(AL,RL)
	Verification point
	Channel Model
（Payload = 28, FDD）
	Channel Model
（Payload = 31, TDD）

	
	
	AWGN
	ETU30
	AWGN
	ETU30

	

	(24,8)
	10%
	1.7
	2.7
	1.7
	2.7

	
	2%
	1.8
	3.2
	1.8
	3.1

	(8,4)
	10%
	2
	3
	2.1
	3

	
	2%
	2
	3.5
	2.1
	3.6

	

	(16,4)
	10%
	1.9
	2.9
	1.9
	2.9

	
	2%
	1.9
	3.4
	1.9
	3.3

	(4,2)
	10%
	2.4
	3.5
	2.3
	3.6

	
	2%
	2.5
	4
	2.5
	4.1


Based on the observation, new test cases for non-BL/CE UE has to be defined by modifying the current Cat-M1 test case such that SNR3 for both out-of-sync and in-sync tests is lowered, as otherwise UE using 2Rx for SINR-BLER mapping may fail the test (out-of-sync) with correct implementation or may never fail the test (in-sync) with wrong implementation. 

Making such a change means other test requirements related to SNR2 and SNR5 are relaxed, but considering the timeline to finish the work, this is acceptable to us. The SNR margin/accuracy in the new test cases may also need to be discussed.

Proposal 2: Define new test cases for RLM for non-BL/CE UE by lowering SNR3 level in both out-of-sync and in-sync tests compared to Cat-M1 test cases.  
3 Conclusions 

In this paper, we discussed the core requirements (evaluation period) and test cases for RLM for non-BL/CE UE. We have the following proposals.

Proposal 1: For non-BL/CE UE, RLM evaluation period for CEModeA non-DRX is 200ms for out-of-sync and 100ms for in-sync.    
Proposal 2: Define new test cases for RLM for non-BL/CE UE by lowering SNR3 level in both out-of-sync and in-sync tests compared to Cat-M1 test cases.
4 References

[1] R4-1706184, Way forward on non-BL/CE UE RLM evaluation period, Ericsson 
[2] R4-163025, WF on eMTC RLM CEMode A test, Nokia, Anritsu, Ericsson, Qualcomm
