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1 Introduction
In RAN4#82, the RRM requirements for CE (coverage enhancement) capable UE other than Cat-M1 were discussed, and the WF [1] was agreed with the following proposals.
	· RAN4 shall specify RRM requirements for all UE Cat-L supporting CE in Rel-13.

· With the exception of the RRM requirements listed below, existing RRM requirements defined for UE cat-M1 in Rel-13 can be reused for UE Cat-L according to its CE Mode capability:

· Radio link monitoring (RLM),

· SI acquisition time i.e. requirements involving time to acquire MIB and/or SIB1-BR 

· RSRP and RSRQ measurement accuracies

· RAN4 is to further investigate the above requirements under CE for UE Cat-L assuming 2Rx i.e.

· RLM,

· SI acquisition time (i.e. MIB and/or SIB1-BR)

· RSRP/RSRQ accuracies

· Timeline:

· Interested companies are expected to provide analysis and results in RAN4#82bis.

· Specify RRM requirements by RAN4#83 subject to the completion of analysis.


In this paper, we will provide our simulation results on RLM for CE capable UE with 2RX, and we will also provide our views on the related requirements.
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. 
· Non-DRX requirements for CEMode A: same as Cat-0 
· DRX requirements for CEMode A: same as Cat-0 and other categories

· Non-DRX requirements for both CEMode B: relaxed mainly considering the propagation condition
· Non-DRX requirements for both CEMode B: same as Cat-0 and other categories
If we consider UE with 2RX working under CE mode, we can see that the possible enhancement is about non-DRX requirement for CEMode A, which can be tightened to the same level as for other categories, i.e. 200ms for Qout and 100ms for Qin evaluation. For other requirements, they are either already same as for other categories or cannot be tightened due to propagation condition. Therefore, we think RAN4 can consider to tighten the requirement on evaluation period for CEMode A non-DRX for 2RX UEs.

Proposal 1: RAN4 to consider tightening the requirement on evaluation period for CEMode A non-DRX for 2RX CE UEs.  
The RRM test cases for Cat-M1 UE are defined in section A.7.3.48-59, for CEMode A only. What is defined in the test cases in 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].
Next we conduct same simulation but with 2RX. The simulation assumptions are listed in Table 1. 

Table 1: Simulation assumptions for MPDCCH performance 

	Parameter
	MPDCCH (CEMode A)

	DCI format
	DCI Format 6-1A

	System Bandwidth
	10 MHz

	Channel model
	AWGN

ETU 30 Hz

	Antenna configuration
	2x2

	Number of information bits 
	FDD and HD-FDD: 28

TDD: 31

	Antenna correlation
	Low

	Aggregation level (CCE/ECCE), Repetition level
	(24,8), (8,4), (16,4), (4,2)

	Starting OFDM symbols (CFI)
	2

	Frequency hopping
	OFF

	Number of PRB
	4 for Aggregation level = 4, 8, 16

2+4 for Aggregation level =24

	Transmission type configured to UE
	Distributed

	DMRS scrambling sequence initialisation parameter for UE-SS
	PCID = 1

	Channel Estimation
	DMRS based

	UE residual frequency error
	50 Hz


The simulation results are summarized in Table 2, 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. It means UE with 2RX working under CE mode can support larger coverage with same MPDCCH configuration. Also such 2RX UE will fail the current test cases defined for Cat-M1 as the Qout and Qin levels are different. Therefore, we think new RRM test cases should be defined for 2RX CE UEs. 
Table 2: 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


Proposal 2: Define new RRM test cases for 2RX CE UEs.
3 Conclusions 

In this paper, we analyzed the RLM core requirements for CE capable UE other than Cat-M1, assuming 2RX. Also we provided our simulation results for Qin and Qout levels with 2RX.   

Specifically, we have the following observations and proposals.

Proposal 1: RAN4 to consider tightening the requirement on evaluation period for CEMode A non-DRX for 2RX CE UEs.  
Proposal 2: Define new RRM test cases for 2RX CE UEs.
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