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1 Introduction

In RAN4 #58 meeting, many discussion papers investigated the core requirements for radio link monitoring (RLM) on eICIC [1]

 REF _Ref288635143 \n \h 
[2]

 REF _Ref288635146 \n \h 
[3]. Finally, a way forward on eICIC [4] was agreed and had been sent out. For RLM aspect, there are two agreements:
· Side conditions: 
· Interferer cell SNR set to [5] dB in the test cases, subject to further verification.
· It is FFS how to reflect this condition in the core requirements definition.
· In-sync and out-of sync evaluation period remain unchanged compared to Rel-8/9, i.e., [100ms] and [200ms], respectively.
From the perspective of Huawei Company, we propose that in [1]:
· Reuse existing Rel-8/9 RLM measurement requirements:
· The interference level for aggressor cell should be defined and limited.
· Taking implementation margin into account, the sufferable interference level can be set as 5dB for eICIC from RLM perspective.
Therefore, the basic opinions from Huawei Company are basically aligned with the latest WF on RLM. However, the remaining important issue is how to define the side condition for RLM, i.e., how to reflect the [5]dB SNR of aggressor cell in core requirement or test cases. In this contribution, we provide the preliminary analysis and opinions on this issue for RLM requirements on eICIC. 
2 Discussions
In this section, how to define the RLM requirements is discussed in details. Here lists two options:

· Option 1: Define [5]dB SNR for aggressor cell in Core Requirement Part
· Option 2: Reflect [5]dB SNR for aggressor cell in Test Cases
2.1  Discussion for Option 1
According to the previous simulation contributions on RLM requirements in eICIC, in the simulation assumption part, the SNR for the serving cell is set to be [-14, 0]dB, and the SNR for the aggressor cell is set to be different levels, such as 0dB, 5dB, 10dB. And the additional [5]dB side condition for aggressor cell is chosen for that the In-Sync and Out-of-Sync reporting rates can be achieved no less than 90% on R8/R9 Qin and Qout thresholds for INS and OOS. 
However, in current R8 and R9, there is no side condition in terms of SNR or Es/Iot for the RLM in TS 36.133, which is different from the core requirements in other sections for CONNECTED and IDLE mobility. The reason is that, for mobility management, since there is no data transmission from the neighbour target cells, the UE can only detect and evaluate the downlink quality by the CRS strength. According to TS 36.133, the side condition RSRP Es/Iot and SCH Es/Iot of the target cells can be utilized for cell identification or cell measurement. Different from the neighbour cells, the serving cell can provide the data transmission for the connected UE. Therefore, the UE can estimate the downlink radio link quality of the serving cell by actual PDCCH BLER compared with Qin and Qout taking into account the PCFICH errors instead of SNR or Es/Iot. 
Based on the above descriptions, for the RLM requirements in eICIC, there is no need to define the [5]dB side condition in core requirement part. The reasons can be listed as follows:
· First, since RAN4 has agreed that the threshold Qin and Qout will not be changed, i.e., 2% block error rate and 10% block error rate of PDCCH, respectively, they are robust enough to evaluate the performance of the serving cell no matter how strong the interference is. The Qin and Qout can be considered as the side condition in terms of PDCCH BLER for RLM aspects. If the interference from the aggressor cell is too strong, e.g., 10dB, the BLER of PDCCH may be larger than Qout, thus, the downlink radio link quality can be not guaranteed and the RLF will be triggered. From our perspective, the R8/R9 RLM can apply for eICIC.
· Second, for the RLM procedure, the LS to RAN1 has been approved in [5]. The agreement is that, in the TS 36.213, the proposed addition requirement change “If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the assessment of the radio link quality shall not be performed in any other subframe.” is necessary for the procedure of RLM. In current TS 36.133, the minimum requirement for both DRX and non-DRX cases contains that “The out-of-sync and in-sync evaluations shall be performed as specified in section 4.2.1 in [3] (TS 36.213)”. Therefore, it is redundant to define restricted radio link monitoring in eICIC in TS 36.133. 
· Third, the [5]dB side condition of SNR for aggressor cell shall be a relative value, which is chosen compared with the [-14, 0]dB SNR range of the serving cell for simulation assumptions. It means to reflect the maximum sufferable interference level in Macro-pico scenario while the current R8/R9 core requirement can be reused. Moreover, with respect to the [5]dB side condition for aggressor cell, this is not the UE’s behaviour and the UE can not control this kind of condition. Herein, it is not reasonable to add this side condition for UE’s behaviour. One possible way to add this condition is to change the [5]dB SNR for aggressor cell to Es/Iot compared with [-14, 0]dB SNR for serving cell. However, since Qin and Qout can be utilized efficiently to evaluate the downlink radio link quality, it is redundant to add the Es/Iot side condition for RLM in eICIC. Actually, the Qin and Qout shall be more accurate for downlink quality than Es/Iot side condition because they can reveal the actual PDCCH BLER.
Therefore, based on the three reasons, we can give our proposal as
Proposal1: NO NEED to define the [5]dB SNR for aggressor cell in the core requirement part in TS 36.133. 

2.2  Discussion for Option 2
According to the simulation results for RLM in eICIC, if the SNR of the aggressor cell is very large, e.g., 10dB, the INS can not achieve the 90% at -2.3dB (SINR1 in Table A.7.3.1.1-3 of TS 36.133) on 2x2 antenna configuration under ETU70 model. Therefore, the SNR of the aggressor cell should be limited in the test cases. Just as described in the latest WF [4], the SNR [5]dB of aggressor cell shall be added. If a higher SNR of aggressor cell is set, i.e., SNR>[5]dB, all the UEs will fail the RLM eICIC tests affirmatively.
Proposal2: The SNR [5]dB of aggressor cell shall be considered and added in the test case for RLM in eICIC.
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Figure 1.  The SNR of aggressor cell impacts on the Qin and Qout
As shown in Figure 1, the interference from the neighbour cell will impact the value of Qin and Qout. Both Qin and Qout will increase while the interference level is increasing. Based on the previous simulation contributions, at SNR1=-2.3dB, the INS can achieve the 90% when the interference level is 5dB. Moreover, at SNR3=-12.2dB, the OOS can also achieve the 90% when the interference level is 5dB. Therefore, the SNR1, SNR3, SNR5 in the current test cases of TS 36.133 may be not changed. 
However, in the single cell scenario for RLM, the design for SNR1-SNR5 is taking the implementation margin into account. Therefore, it may be not reasonable to reuse the SNR1 and SNR3 as the constraint boundary in the RLM test cases in eICIC. It is obvious that
Qin (eICIC) =Qin (R8/R9) + 
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Qout (eICIC) =Qout (R8/R9) + 
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Therefore, according to the description of Figure 1, one possible changing way for the SNR1-SNR5 may be as
SNR1 (eICIC) =SNR1 (R8/R9) + 
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SNR2 (eICIC) =SNR2 (R8/R9) + 
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SNR3 (eICIC) =SNR3 (R8/R9) + 
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SNR4 (eICIC) =SNR4 (R8/R9) + 
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SNR5 (eICIC) =SNR5 (R8/R9) + 
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According to our simulation results, the 
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 can be listed in Table 1 under the different interference level. 
Table 1. The different  
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under different interference level, unit:dB
	Channel
	Qin(R8/R9)
	Qout(R8/R9)
	Qin(eICIC)
	Qout(eICIC)
	
[image: image13.wmf]1

D


	
[image: image14.wmf]2

D



	
	
	
	5dB
	3dB
	5dB
	3dB
	5dB
	3dB
	5dB
	3dB

	AWGN
	-6.7
	-11.5
	-4.07
	-5.05
	-8.71
	-9.72
	2.63
	1.65
	2.79
	1.78

	ETU70
	-4.8
	-9.2
	-3.81
	-4.53
	-8.45
	-8.92
	0.99
	0.27
	0.75
	0.28


Therefore, according to Table 1, if the maximum [5]dB SNR is introduced, the maximum 
[image: image15.wmf]1

D

=2.63≈2.7dB for AWGN case, while maximum 
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=0.99≈1.0dB for ETU70 case. Similarly, the maximum 
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=2.79≈2.8dB for AWGN case, while maximum 
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=0.75≈0.8dB for ETU70 case. If the [5]dB side condition is changed, the 
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 will be changed, too (see 3dB case). Therefore, we can see that 
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2.7dB, 
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2.8dB for AWGN, and 
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0.8dB for ETU70 case.
Thus, we can propose the following way to define SNR1-SNR5,
Proposal 3: In eICIC RLM test case, the SNR1-SNR5 can be set as
SNR1 (eICIC) =SNR1 (R8/R9) + 
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SNR3 (eICIC) =SNR3 (R8/R9) + 
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SNR4 (eICIC) =SNR4 (R8/R9) + 
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SNR5 (eICIC) =SNR5 (R8/R9) + 
[image: image29.wmf]1

D

                                                                 

where 
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[2.8]dB for AWGN and 
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[0.8]dB for ETU70.

3 Conclusion
In this contribution, we give the preliminary analysis and opinions on how to define the RLM requirements in eICIC. The final proposals can be listed as
Proposal1: NO NEED to define the [5]dB SNR for aggressor cell in the core requirement part in TS 36.133. 

Proposal2: The SNR [5]dB of aggressor cell shall be considered and added in the test case for RLM in eICIC.
Proposal 3: In eICIC RLM test case, the SNR1-SNR5 can be set as

SNR1 (eICIC) =SNR1 (R8/R9) + 
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SNR5 (eICIC) =SNR5 (R8/R9) + 
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[2.8]dB for AWGN and 
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[0.8]dB for ETU70.
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