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1 Introduction

In RAN4 #62 meeting, the core requirement for RLM with autonomous gap in eICIC was discussed [1-3], and the simulation contribution [1] was agreed, i.e., 

· The RLM evaluation period can keep the same as 200ms and 100ms with restricted measurement when autonomous gap is configured.

Note that, both Ref.[1] and Ref.[2] only focused on the non-DRX case. Based on the simulation results, there is little difference between the 1A/1C performances of RLM in eICIC and that of RLM with autonomous gap in eICIC. However, there is a lack of research on DRX case. Thus, the agreed CR [3] for TS 36.133 is
· Non-DRX Case:

When the UE creates autonomous gaps for identification the CGI of an E-UTRA intra-frequency cell or an E-UTRA inter-frequency cell and when higher-layer signalling indicates certain subframes for restricted radio link monitoring, the UE shall also perform radio link monitoring. In this case, the Qout evaluation period (TEvaluate_Qout) is [200] ms, and the Qin evaluation period (TEvaluate_Qin) is [100] ms Note 1.

Note 1:
This RLM requirement does not need to be tested.
· DRX Case:

When the UE creates autonomous gaps for identification the CGI of an E-UTRA intra-frequency cell or an E-UTRA inter-frequency cell and when higher-layer signalling indicates certain subframes for restricted radio link monitoring, the UE shall also perform radio link monitoring. In this case, the Qout evaluation period (TEvaluate_Qout_DRX) and the Qin evaluation period (TEvaluate_Qin_DRX) are [TBD] Note 1.

Note 1:
This RLM requirement does not need to be tested.

In this contribution, we give the preliminary analysis and simulation results for the RLM performances in DRX when autonomous gap is configured. Based on the simulation results and analysis, the text proposal (TP) is finally proposed in order to finish the undetermined core requirement for RLM with autonomous gap scenario.
2 Discussions on RLM in DRX case
The current core requirement of evaluation period for RLM in eICIC can be shown in Table 1
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


According to Table 1, the DRX requirement for RLM with autonomous gap shall be considered as:

· Case 1: DRX cycle length ≤ 0.01s

In this case, the non-DRX requirements are applicable, i.e., 200ms evaluation time for out-of-sync, and 100ms evaluation time for in-sync. For these short DRX cycle lengths, at least one ABS subframe shall exist in on-duration time within one radio frame according to the eICIC core requirement. Therefore, the total opportunities for RLM on ABS subframe of short DRX is just the same as that of non-DRX. 
Based on [1], if the average 25% percent ABS subframes are lost for RLM in non-DRX case, the variance between the case of RLM with restricted resource measurement and that of RLM with autonomous gap in eICIC is very small, i.e., no larger than 0.05dB. Thus, the evaluation time for OOS and INS can keep the same as 200ms and 100ms when the autonomous gap is configured.
For the same reason, when the DRX cycle length ≤ 0.01s, the current requirements can be also reused since the total measured opportunities are the same compared with the non-DRX case. 
· Case 2: DRX cycle length > 0.16s

Based on the current core requirement for the CGI reading, i.e.,

· The requirement for identifying a new CGI of an E-UTRA cell within Tbasic_identify_CGI,.intra is applicable when no DRX is used as well as when all the DRX cycles specified in 3GPP TS 36.331 [2] are used.

Therefore, it means that no matter which DRX cycle length is used, the new CGI of an E-UTRAN cell shall be identified within 150ms. 
In this case, the DRX cycle length is larger than 160ms, which is also larger than the required time for the CGI identification. Therefore, the autonomous gap will cause little impact on this case, i.e., only one DRX cycle will be impacted and some of the ABS subframes may be lost during the evaluation time. 

Based on the current core requirement for TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX,  for 0. 16s < DRX cycle ≤ 0.64s, the evaluation time is 10*DRX cycle length, thus, at most 10% ABS subframes will be lost since only one DRX cycle will be impacted. For 0.64s < DRX cycle ≤ 2.56s, the evaluation time is 5*DRX cycle length, at most 20% ABS subframes will be lost even if the on-duration timer is configured as the small value. 
Thus, for the long DRX cycle length cases, the current core requirements can be reused since the impact caused by the autonomous gap is very little.
· Case 3: 0.01s<DRX cycle length ≤0.04s

Different from Case 1 and Case 2, the length of 150ms can be regarded as several DRX cycles for Case 3. Taking 16ms DRX cycle length for example, figure 1 shows the relation between the DRX cycles and the CGI identification time.
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Figure 1. The relation between the DRX cycle (16ms) and CGI identification time
According to Figure 1, it can be seen that, some of the autonomous gap exist during the “sleep” state, and some of them exist during the “wake” state. Therefore, it is difficult to evaluate the RLM performance and ABS subframes lost in this case.
Fortunately, we can simplify the evaluation case. We can assume that:
· Simplified Case:

· Assumption 1: Only one ABS subframe is available during one DRX cycle without autonomous gap.
· Assumption 2: Each autonomous gap can cause one available ABS subframe lost.
Obviously, this is absolutely the worst case for Case 3. Actually, the BLER performance shall be better than this kind of evaluated case. 
Based on assumption 1, there are totally 40 ABS subframes during one evaluation period for 40*DRX cycle. Based on assumption 2, because there are at most 10 autonomous gaps during the 150ms CGI identification time, thus, there are at most 10 ABS subframes will be lost. Then, we can compare how the difference between the two cases:
· Simplified Case 1: 40 ABS subframes are available during one evaluation period.

· Simplified Case 2: 30 ABS subframes are available during one evaluation period.
The simulation parameters can be shown in Table 2 (Most of the parameters referred from [4]).

Table 2. Simulation Assumptions for RLM when Autonomous Gap is Configured in DRX
	Description
	Unit
	Value

	Number of transmit antennas
	
	2

	Number of receive antennas
	
	2

	Propagation model
	
	AWGN /

ETU70

	System bandwidth
	MHz
	10

	Measurement bandwidth
	MHz
	10

	Serving cell SNR
	dB
	[-14, 0]

	Interfering cell 
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	dB
	5

	Almost blank subframe pattern of the aggressor cell
	
	[10000000]

	DRX cycle length
	ms
	16ms/64ms

	Evaluation Period for RLM
	
	40*DRX cycle / 20*DRX cycle

	Opportunities for (OOS/INS) without Autonomous Gap (Simplified Case 1)
	
	40 / 20

	Opportunities for (OOS/INS) with Autonomous Gap (Simplified Case 2)
	
	30 / 17


The simulation results of 16ms of DRX cycle length are listed in Appendix A (Section 6.1), which including the 1A/1C performances of Simplified Case 1 and 1A/1C performances of Simplified Case 2. The simulation results can be summarized in the following Table 3.
Table 3. The Comparisons between Simplified Case 1 and Simplified Case 2 for RLM in 16ms of DRX cycle
	Channel
	AWGN
	ETU70

	RLM performance
	For 1A
	For 1C
	For 1A
	For 1C

	Variance of Simplified Case 1
	0.15dB
	0.12dB
	0.23dB
	0.20dB

	Variance of Simplified Case 2
	0.15dB
	0.13dB
	0.26dB
	0.23dB

	Difference between the variances
	0dB
	0.01dB
	0.03dB
	0.03dB


According to the Table 3, it is obvious that difference between the variance of Simplified Case 1 and Simplified Case 2 is quite small. The largest difference is only 0.03dB, which shall be little impacts on the RLM BLER performances. In order to validate the BLER performance, Figure 2 and Figure 3 show the 1A/1C curves based on Simplified Case 1 and Simplified Case 2.
[image: image3.emf]-14 -12 -10 -8 -6 -4 -2 0

10

-3

10

-2

10

-1

10

0

PDCCH BLER:2Tx 2Rx 10MHz AWGN Normal-ABS CFI=3 Interference=5dB

Serving Cell Geometry(dB)

BLER DRX long-cycle-length=16ms

 

 

Out-of-Sync 40 Samples

Out-of-Sync 30 Samples

In-Sync 40 Samples

In-Sync 30 Samples


Figure 2. The 1A/1C performance comparisons between Simplified Case 1 and Simplified Case 2 (AWGN, 16ms)
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Figure 3. The 1A/1C performance comparisons between Simplified Case 1 and Simplified Case 2 (ETU70, 16ms)

Based on the above simulations and analysis, the autonomous gap only causes little impacts on RLM performances. Therefore, current RLM core requirement in DRX in eICIC can be reused for Case 3.
· Case 4: 0.04s<DRX cycle length ≤0.16s

For this case, the same the analysis can be addressed. And we can simplify the evaluation case. However, different from the Case 3, the DRX cycle length of Case 4 is larger than that of Case 3. Therefore, it is not reasonable to assume that the 150ms CGI identification time can lead to 10 ABS subframes lost. Since the 64ms DRX cycle length is the smallest DRX cycle in Case 4, and 150/64 can be up around to be 3, thus, at most, 3 DRX cycle will be impacted in Case 4. Therefore, we can assume that
· Simplified Case:

· Assumption 3: Only one ABS subframe is available during one DRX cycle without autonomous gap.
· Assumption 4: At most three ABS subframes lost caused by the autonomous gaps.
(Take 64ms DRX cycle length into account) Based on the above assumption 3, there are totally 20 ABS subframes during one evaluation period for 20*DRX cycle. Based on assumption 4, at most, 3 ABS subframes will be lost. Then, we can compare how the difference between the two cases:

· Simplified Case 3: 20 ABS subframes are available during one evaluation period.

· Simplified Case 4: 17 ABS subframes are available during one evaluation period.
The simulation assumptions and parameters are also listed in Table 2, the simulation results are listed in Appendix B (Section 6.2). Moreover, the simulation results can be summarized in Table 4.
Table 4. The Comparisons between Simplified Case 3 and Simplified Case 4 for RLM in 64ms of DRX cycle
	Channel
	AWGN
	ETU70

	RLM performance
	For 1A
	For 1C
	For 1A
	For 1C

	Variance of Simplified Case 3
	0.14dB
	0.12dB
	0.26dB
	0.22dB

	Variance of Simplified Case 4
	0.14dB
	0.13dB
	0.27dB
	0.22dB

	Difference between the variances 
	0dB
	0.01dB
	0.01dB
	0dB


Similar with the previous DRX cycle length case, the variances between the two different cases are quite small, which is 
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Figure 4. The 1A/1C performance comparisons between Simplified Case 3 and Simplified Case 4 (AWGN, 64ms)
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Figure 5. The 1A/1C performance comparisons between Simplified Case 3 and Simplified Case 4 (ETU70, 64ms)
even smaller than that of DRX cycle length Case 3. In this case, the largest difference is only 0.01dB. Figure 4 and Figure 5 show the 1A and 1C curves of the Simplified Case 3 and Simplified Case 4. Based on the above simulations and analysis, the current RLM core requirement can also apply for the DRX cycle length Case 4. 

Therefore, based on the analysis for the Case 1, Case 2, Case 3 and Case 4, we can propose that
Proposal 1: The current RLM evaluation period in DRX with restricted measurement can be reused for the case of DRX requirement for RLM with autonomous gap in eICIC.
3 Conclusion
In this contribution, we give the preliminary simulation results for the RLM performances in DRX from Simplified Case 1 to Simplified Case 4.  Based on the simulation results and analysis, we obtain the conclusion that there is little difference and impacts on 1A and 1C curves between the different cases. Thus, the following proposal can be achieved:

Proposal 1: The current RLM evaluation period in DRX with restricted measurement can be reused for the case of DRX requirement for RLM with autonomous gap in eICIC.
Base on Proposal 1, the text proposal is given in Section 5.
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5 Text Proposal
<< Unchanged sections omitted >>
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 UE creates autonomous gaps for identification the CGI of an E-UTRA intra-frequency cell or an E-UTRA inter-frequency cell and when higher-layer signalling indicates certain subframes for restricted radio link monitoring, the UE shall also perform radio link monitoring. In this case, 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 Note 1.
Note 1:
This RLM requirement does not need to be tested.

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].
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


<< End of changes >>

6 Appendix
6.1 Appendix A: Simulation Results for 16ms DRX cycle
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Figure 6. The fluctuation of SINR for 1C under ETU70 in Simplified Case 1 (40 samples, 16ms DRX)
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Figure 7. The fluctuation of SINR for 1C under ETU70 in Simplified Case 2 (30 samples, 16ms DRX)
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Figure 8. The fluctuation of SINR for 1C under AWGN in Simplified Case 1 (40 samples, 16ms DRX)
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Figure 9. The fluctuation of SINR for 1C under AWGN in Simplified Case 2 (30 samples, 16ms DRX)
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Figure 10. The fluctuation of SINR for 1A under ETU70 in Simplified Case 1 (40 samples, 16ms DRX)
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Figure 11. The fluctuation of SINR for 1A under ETU70 in Simplified Case 2 (30 samples, 16ms DRX)
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Figure 12. The fluctuation of SINR for 1A under AWGN in Simplified Case 1 (40 samples, 16ms DRX)
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Figure 13. The fluctuation of SINR for 1A under AWGN in Simplified Case 2 (30 samples, 16ms DRX)
6.2 Appendix B: Simulation Results for 64ms DRX cycle
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Figure 14. The fluctuation of SINR for 1C under ETU70 in Simplified Case 3 (20 samples, 64ms DRX)
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Figure 15. The fluctuation of SINR for 1C under ETU70 in Simplified Case 4 (17 samples, 64ms DRX)
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Figure 16. The fluctuation of SINR for 1C under AWGN in Simplified Case 3 (20 samples, 64ms DRX)
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Figure 17. The fluctuation of SINR for 1C under AWGN in Simplified Case 4 (17 samples, 64ms DRX)
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Figure 18. The fluctuation of SINR for 1A under ETU70 in Simplified Case 3 (20 samples, 64ms DRX)
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Figure 19. The fluctuation of SINR for 1A under ETU70 in Simplified Case 4 (17 samples, 64ms DRX)
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Figure 20. The fluctuation of SINR for 1A under AWGN in Simplified Case 3 (20 samples, 64ms DRX)
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Figure 21. The fluctuation of SINR for 1A under AWGN in Simplified Case 4 (17 samples, 64ms DRX)
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