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1 Introduction

In RAN4 #59 meeting, the core requirement of RLM in DRX were discussed in [1]-[4]. Based on the analysis from different companies, the evaluation period of the short DRX cycle shall be extended compared with the R8/R9. Based on the power saving and the sampling occasion reasons, a new breakpoint of the DRX cycle is found, i.e., [160]ms. When the DRX cycle is shorter than 160ms, the evaluation period is extended to 2 times with that of R8/R9, the latest core requirement is as follows in [5]:

Table 1: Qout and Qin Evaluation Period in DRX when higher-layer signalling restricted measurement resource

	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤ 0.01
	Non-DRX requirements in section 7.6.2.1 are applicable.

	0.01 < DRX cycle ≤0.04
	   Note ([40])

	0.04 < DRX cycle ≤ [0. 16]
	   Note  ([20])

	[0. 16] < DRX cycle ≤ 0.64
	 Note  (10)

	0.64 < DRX cycle ≤ 2.56
	Note  (5)

	Note:
Evaluation period length in time depends on the length of the DRX cycle in use


In this contribution, we give the preliminary simulation results for RLM in DRX to see whether the current core requirements are available for the different DRX cycle ranges. Finally, according to our simulations, we propose to remove the brackets in Table 1 as the final core requirement for RLM in eICIC. 
2 Discussion
2.1 Simulation Assumptions for RLM in DRX
Similar with the simulation assumptions for RLM in non-DRX cases for eICIC in [6], we give some general simulation assumptions based on the non-DRX scenario. Taking the common configurations in R8/R9 tests, the 40ms and 1280ms DRX cycles are investigated for RLM in eICIC; moreover, due to the new breakpoint of the RLM requirement, the DRX cycle of 160ms is also simulated to validate the performance. In order to limited the simulation cases, only the normal ABS pattern and the CFI=3 case are investigated based on the previous simulation results. For the other simulation parameters and the simulation cases, they are shown in Table 2 and Table 3, respectively. 
Table 2: The General simulation parameters for RLM in eICIC
	Description
	Unit
	Value

	System bandwidth
	MHz
	10

	DRX Cycle Length
	ms
	40/160/1280

	Evaluation Period
	
	40/20/5

	On-duration timer
	ms
	1 (shall be sampled at ABS subframe)

	ABS pattern
	
	[1 0 0 0 0 0 0 0]

	Serving cell SNR
	dB
	[-14, 0]dB

	Interfering cell SNR
	dB
	1dB/ 5dB


Table 3: The different simulation scenario for RLM in DRX in eICIC
	Scenario
	Description
	ABS pattern
	CFI
	Channel model
	Verification point

	DRX1-1 (40*40ms)
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	3
	AWGN
	10%

	DRX1-2 (20*160ms)
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	3
	AWGN
	10%

	DRX1-3 (5*1280ms)
	2x2 8CCE DCI1A 10MHz SFBC
	Normal ABS
	3
	AWGN
	10%

	DRX2-1 (40*40ms)
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	3
	AWGN
	2%

	DRX2-2 (20*160ms)
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	3
	AWGN
	2%

	DRX2-3 (5*1280ms)
	2x2 4CCE DCI1C 10MHz SFBC
	Normal ABS
	3
	AWGN
	2%


2.2 Simulation Results for RLM in DRX
Based on the simulation assumptions in Table 2 and Table 3, the simulation results can be obtained, which are shown in Figures 1-4. 
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Figure 1.  The PDCCH BLER performances (interference =1dB)
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Figure 2.  The PDCCH BLER performances (interference =5dB)
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Figure 3.  The OOS/INS reporting rate performances (interference =1dB)
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Figure 4.  The OOS/INS reporting rate performances (interference =5dB)

According to these figures, the following Table 4 can be summarized:

Table 4: The different simulation scenario for RLM in DRX in eICIC
	Scenario
	Verification point
	Verification Point Value (dB)

	
	
	Interference level = 1dB
	Interference level =5dB

	DRX 1-1 (40*40ms)
	10%
	-11.46
	-10.54

	DRX 1-2 (20*160ms)
	10%
	-11.34
	-10.62

	DRX 1-3 (5*1280ms)
	10%
	-11.42
	-10.53

	DRX 2-1 (40*40ms)
	2%
	-6.07
	-4.8

	DRX 2-2 (20*160ms)
	2%
	-6.13
	-4.56

	DRX 2-3 (5*1280ms)
	2%
	-6.02
	-4.86


Based on the simulation results, we can obtain the following observations:
· Observation 1: it can be seen that, when the SNR of the interference cell is 1dB, the Qin and Qout can be utilized to evaluate the downlink radio link quality to achieve the similar performances compared with that of non-DRX cases in R8/R9 under AWGN channel. 
· Observation 2: When the SNR of the interference cell is 5dB, the Qout can be utilized to evaluate the downlink radio link quality; however, the Qin can not be utilized to achieve the similar performances compared with that of non-DRX/DRX cases in R8/R9 under AWGN channel, i.e., the INS reporting rate shall be satisfied larger than 90% at -4.7dB in Table A.7.3.1.1-2 in [5].
· Observation 3: The SNR of interference cell, i.e., 5dB, is unsuitable for the RLM in DRX to achieve the similar performance of R8/R9. 
· Observation 4: When the SNR of interference cell is within a reasonable range, i.e., 1dB, the performance of RLM in DRX can achieve the similar performances of R8/R9.

· Observation 5: The 40*DRX cycle evaluation period is suitable for 0.01s < DRX cycle ≤0.04s, and the 20*DRX cycle evaluation period is suitable for 0.04s < DRX cycle ≤ 0. 16s. 
Therefore, according to these observations, the following two important proposals can be achieved:
Proposal 1: The 40*DRX cycle evaluation period is suitable for 0.01s < DRX cycle ≤0.04s, and the 20*DRX cycle evaluation period is suitable for 0.04s < DRX cycle ≤ 0. 16s.
3 Conclusion
In this contribution, we give the preliminary simulation results for RLM in DRX to see whether the current core requirements are available for the different DRX cycle ranges. Through the solid simulations, the following proposals can be achieved:

Proposal 1: The 40*DRX cycle evaluation period is suitable for 0.01s < DRX cycle ≤0.04s, and the 20*DRX cycle evaluation period is suitable for 0.04s < DRX cycle ≤ 0. 16s.
Based on proposal 1, the brackets in the current core requirement can be removed, and a text proposal is given in Section 5. 
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5 Text Proposal
7.6.2
Requirements
7.6.2.1
Minimum requirement when no DRX is used 

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 [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 [2]. 

The out-of-sync and in-sync evaluations of the PCell shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least 10 ms.

The transmitter power of the UE shall be turned off within [40] ms after expiry of  T310 timer as specified in section 5.3.11 in [2]. 

7.6.2.2
Minimum requirement when DRX is used 

When DRX is used the Qout evaluation period (TEvaluate_Qout_DRX) and  the Qin evaluation period  (TEvaluate_Qin_DRX) is  specified in Table 7.6.2.2-1 will be used. 
When higher-layer signalling indicates certain subframes for restricted radio link monitoring, the Qout evaluation period (TEvaluate_Qout_DRX) and the Qin evaluation period  (TEvaluate_Qin_DRX)  specified in Table 7.6.2.2-2 will be used.
When the downlink radio link quality of the PCell estimated over the last TEvaluate_Qout_DRX [s] period becomes worse than the threshold Qout, Layer 1 of the UE shall send out-of-sync indication for the PCell to the higher layers within TEvaluate_Qout_DRX [s] evaluation period. A Layer 3 filter shall be applied to the out-of-sync indications as specified in [2]. 

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

The out-of-sync and in-sync evaluations of the PCell shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max(10 ms, DRX_cycle_length).

Upon start of T310 timer as specified in section 5.3.11 in [2], the UE shall monitor the link for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of T310 timer.

The transmitter power of the UE shall be turned off within 40 ms after expiry of T310 timer as specified in section 5.3.11 in  [2]. 

7.6.2.3
Minimum requirement at transitions 

The out-of-sync and in-sync evaluations of the PCell shall be performed as specified in section 4.2.1 in [3]. Two successive indications from Layer 1 shall be separated by at least max(10 ms, DRX_cycle_length).

When the UE transitions between DRX and non-DRX or when DRX cycle periodicity changes, for a duration of time equal to the evaluation period corresponding to the second mode after the transition occurs, the UE shall use an evaluation period that is no less than the minimum of evaluation periods corresponding to the first mode and the second mode. Subsequent to this duration, the UE shall use an evaluation period corresponding to the second mode. This requirement shall be applied to both out-of-sync evaluation and in-sync evaluation of the PCell.

Table 7.6.2.2-1: Qout and Qin Evaluation Period in DRX

	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤ 0.01
	Non-DRX requirements in section 7.6.2.1 are applicable.

	0.01 < DRX cycle ≤0.04
	   Note (20)

	0.04 < DRX cycle ≤ 0. 64
	   Note  (10)

	0.64 < DRX cycle ≤ 2.56
	Note  (5)

	Note: Evaluation period length in time depends on the length of the DRX cycle in use


Table 7.6.2.2-2: Qout and Qin Evaluation Period in DRX when higher-layer signalling restricted measurement resource
	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤ 0.01
	Non-DRX requirements in section 7.6.2.1 are applicable.

	0.01 < DRX cycle ≤0.04
	   Note (40)

	0.04 < DRX cycle ≤ 0. 16
	   Note  (20)

	0. 16 < DRX cycle ≤ 0.64
	 Note  (10)

	0.64 < DRX cycle ≤ 2.56
	Note  (5)

	Note:
Evaluation period length in time depends on the length of the DRX cycle in use
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