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1 Introduction

In the latest RAN4 #58AH meeting, the core requirement in DRX for RLM in eICIC was discussed in [1], in which the option 1 was considered as a possible way to define the DRX requirements by parameter
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. With regard to this issue, the research baseline is that how to achieve the same RLM performance in DRX mode compared with the non-DRX case. In this contribution, we give some analysis for this issue based on the R8/R9 working assumption, and the corresponding text proposal in Section 7 of [2] is also provided in the final part.
2 Discussion
2.1 Discussion for Short DRX Case in eICIC
Currently, the core requirement in DRX mode for RLM can be listed as follows:
Table 1. Current 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


It can be seen that, for the short DRX case, i.e., DRX cycle ≤0.04s, the core requirements are provided based on the working assumption in [2], i.e., 20 samples during the evaluation period to match the accuracy of the true BLER performance, in which the similar RLM performance can be achieved as the non-DRX case. 
When higher-layer signalling indicates certain subframes for restricted radio link monitoring, the opportunity of the sampled subframes will be decreased because the on-duration timer of the short DRX may miss the ABS subframes. Therefore, we take the following assumptions as the worst case:
· On-duration timer: sf1

· DRX cycle: sf5, sf10, sf20, sf40 (not the multiple of 8ms except for sf40, exclude sf2, sf8, sf16, etc. cases)

· ABS pattern: 1/8 pattern, [1 0 0 0 0 0 0 0]

· Note: for the TDD case, it can be also analyzed based on the same assumptions. The DRX cycle can be assumed as sf8, sf16, etc., i.e., not the multiple of 10ms, and the ABS pattern can be 1/10 pattern as the worst case. Because the same analysis results can be achieved in DRX for both FDD and TDD, therefore, the TDD case is not listed in our contributions due to the limited length of paper.

The available ABS subframes can be utilized within 40ms in different DRX cycle cases can be shown in Figure 1.
Just as shown in Figure 1, it can be seen that, no matter what short DRX cycle (sf5, sf10, sf20, sf40) is, there is only one ABS subframe can be utilized for the radio link monitoring access under 1/8 pattern within 40ms. Note that our assumption is based on that at least one ABS subframe can be detected within 40ms, and all ABS missed cases are meaningless for actual system. Therefore, under current core requirement according to Table 1, when DRX cycle≤ 0.01s, for the 200ms measurement period, only 5 samples can be obtained under this case, which can not fulfill the 20 samples 
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Figure 1.  The available sampled ABS subframes in different DRX cases
working assumptions based on R8 and R9. Therefore, 800ms measurement period for RLM can satisfy the 20 available samples for RLM in DRX cycle≤ 0.01s case.

For 0.01s<DRX cycle≤ 0.04s case, although the current requirement is 20 DRX cycles, but for some cases, e.g., DRX=20ms, the available sample number is 10 within the evaluation period. Moreover, from our understanding, the non-decreasing time allowed for RLM should be satisfied as the DRX cycle time increases. Therefore, the current core requirement should be changed into 800ms in order to obtain 20 available samples for RLM under DRX cycle≤ 0.04s case. 
Proposal1. The core requirement for DRX cycle≤ 0.04s case should be defined as 800ms for RLM in eICIC scenario.

2.2 Discussion for Long DRX Case in eICIC
For longer DRX periods case in R8/R9, the number of samples is reduced because the evaluation delay shall not be too long for radio link problem detection. Therefore, the DRX requirements for long DRX case are 10 DRX cycles and 5 DRX cycles for different DRX cycle scenarios, respectively. And in the test cases of R8 and R9, the on-duration timer is sf2 for 1280ms, i.e., at most 10 subframes can be utilized for out-of-Sync and In-Sync evaluation for RLM. 
In eICIC scenario, from our understanding, the evaluation delay shall not be too long for radio link problem detection either if the high-layer signaling indicates certain subframes can be utilized for RLM. If extend the evaluation period for long DRX case, e.g., 10 DRX cycles for 2.56s of DRX cycle time, the UE shall evaluate 25.6s for RLM and then to send the out-of-Sync or In-Sync indications. It is such a long time for a UE to implement the radio link problem detection. Moreover, all the long DRX cycles are the multiple times of 8ms, i.e., at least one available ABS subframe can be utilized for in each long DRX cycle. And if the longer on-duration timer is configured, there may be more than one ABS subframe can be used, e.g., on-duration timer=10ms, and the power consumption may be not a big problem since the DRX cycle is relative large compared with the on-duration time.
Based on the analysis, it is not necessary to extend the evaluation period for the long DRX case, and the core requirement for long DRX case can be reused as R8/R9 for the consideration in terms of RLM detection delay.
Proposal2. The core requirement for long DRX case can be reused as R8/R9 for RLM in eICIC scenario.
3 Conclusion
This contribution provides some considerations and discussions for the core requirement in DRX for RLM in eICIC scenario. Two proposals are achieved based on our analysis as follows:
Proposal1. The core requirement for DRX cycle≤ 0.04s case should be defined as 800ms for RLM in eICIC scenario.

Proposal2. The core requirement for long DRX case can be reused as R8/R9 for RLM in eICIC scenario.
Based on these proposals, a text proposal for the core requirement in DRX in Section 7 of TS 36.133 is provided in Section 5. If the text proposal is accepted, Huawei will provide the corresponding CR in the next meeting.
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5 Text Proposal
================================changed section==========================================
7.6.2
Requirements
7.6.2.1
Minimum requirement when no DRX is used 

When the downlink radio link quality 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 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 estimated over the last 100 ms period becomes better than the threshold Qin, Layer 1 of the UE shall send an in-sync indication 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 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 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 without configured time domain measurement pattern by higher-layer signalling, 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 DRX is used with configured time domain measurement pattern by higher-layer signalling, the Qout evaluation period (TEvaluate_Qout_DRX) and  the Qin evaluation period  (TEvaluate_Qin_DRX) is  specified in Table 7.6.2.2-2 will be used.
When the downlink radio link quality 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 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 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 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 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 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 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.

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 under time domain measurement resource restriction
	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤ 0.04
	0.8 (Note1)

	0.04 < DRX cycle ≤ 0. 64
	   Note2 (10)

	0.64 < DRX cycle ≤ 2.56
	Note2 (5)

	Note1: Number of DRX cycle depends upon the DRX cycle in use
Note2: Evaluation period length in time depends on the length of the DRX cycle in use
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