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1 Introduction
It was a common understanding that RN can not avoid experiencing RLF when it works as an eNB. During the last RAN2#69 meeting, this topic was discussed but no final conclusion was made. This contribution will go on with this discussion. Two issues are addressed in this paper:
· What is the behavior when RN experiences RLF?
· How to execute the RACH during the RRC connection re-establishment procedure?
2 Discussion
2.1 What is the behavior when RN experiences RLF?
If RN in Un operation experiences RLF, how will the RN deal with it? There are mainly two options:
Option1:  Try RRC connection re-establishment first and if failed, go back to power on sequence.
Option2:  Go back to power on sequence directly.

In order to make a reasonable choice, two options will be compared from the following aspects:

1)    R-UE’s User experience 
In Rel-8/9, the RLF detection and RRC connection re-establishment procedures can be depicted by the following figure.
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                              Figure1.  Flowchart of RLF detection and RRC connection re-establishment
In the figure above, we can see that when UE observed out-of-sync for N310 times, it will first try DL sync recovery (stage1). If DL sync recovery failed, the UE will initiate the RRC connection re-establishment procedure (stage2).
As described in TS36.133, the radio link quality estimation period for out-of-sync is 200ms. In TS36.331, the default values for N310 and T310 are N310 = 1 and T310 = 1000ms respectively. Thus the typical time from a UE can not get the cell-specific reference signal to UE detects RLF is about 1200ms, which also means the R-UE will detect RLF on Uu interface if it can not get the cell-specific reference signal form the RN for 1200ms typically.
In Option1, RN will communicate with R-UEs normally before observing RLF on Un interface. Once RN detects RLF, it will try RRC connection re-establishment. The RRC connection re-establishment can be classified into two phases: cell selection phase and RACH phase. During the cell selection phase, RN can use at least part of the Uu resources to communicate with R-UEs to avoid the RLF on Uu interface as much as possible. Once the RN initiates RACH, if it reuses the Rel-8/9 procedure, it will not be able to communicate with the R-UEs at least when it needs to transmit uplink data or monitor PDCCH on Un interface. Thus we only need to evaluate the impact to the R-UEs during the RACH phase.

 As described in TS36.331, the maximum window size of RAR is 10ms and the maximum length of mac-ContentionResolutionTimer is 64ms, therefore if we take the signal transmission and process delay also into account, the maximum time for one RACH procedure is about 80ms without considering RACH retransmission, which is much less than 1200ms, thereby, the affect to the R-UE can be ignored. 
In Option2, the power on sequence mainly includes the following related procedures:

· Cell selection and acquire donor cell’s SI.

· RRC connection establishment.

· Attach and acquire backhaul resource configuration.

· Node configurations download from the O&M system.

· Setup of S1 interface.

· Setup of X2 interface.

Normally, the O&M downloading procedure will cost a few minutes, thus the entire procedure sequence will take a rather longer time. Compared with 1200ms, it can be concluded that Uu interface can not be maintained anymore in Option2. 

According to the analysis above, it is obvious that Option2 will greatly affect the R-UE’s experience while there is only little impact to R-UEs in Option1. 
2)    Un interruption time
The Un interruption time refers to the time from RLF happen on Un to RN can work as an eNB again.

For Option1, if the RRC connection re-establishment can succeed, the interruption time on Un interface is approximate 2s (out-of-sync detection + T310 + T311 + time costs by RACH). However, the interruption time on Un interface is about several minutes in Option2. 

Even if RRC connection re-establishment failed, the increased Un interruption time for Option1 is only about 2s compared with Option2. That means Option1 can supply a quick RRC connection recovery mechanism without introducing much complexity and Un interruption time.
3)   Standard compatibility
Obviously, Option1 is consistent with the procedure in Rel-8/9 while Option2 needs more specification effort.
Based on the analysis above, the comparisons of the above two options are summarized in the table below:

                                                         Table1.  RLF solutions comparisons
	
	Option1
	Option2

	Impact to R-UE
	Can be ignored if RRC connection re-establishment succeeds.
	Can not be ignored.

	Un interrupt time
	Short if RRC Connection Re-establishment succeeds.
	Long

	Standard compatibility
	Consistent with Rel-8/9
	More specification effort is needed.


Thus it is proposed:
Proposal1: When RN in eNB mode experiences RLF，it should try RRC connection re-establishment procedue.

Proposal2: If the RRC connection re-establishment failed, the RN go back to power on sequence.

2.2 How to execute the RACH during the RRC connection re-establishment procedure?

If RRC connection re-establishment procedure is adopted, there are two alternatives for the RN to execute the RACH procedure:
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Alt1:  Performing random access without subframe restriction, i.e all the RACH message can be transmitted      on any subframe.
Alt2:  Performing random access with subframe restriction, i.e. part or all RACH message can only be         transmitted on backhaul subframe. Furthermore, there are two sub-alternatives:
-  Alt2a:  Msg4 is limited on DL backhaul subframe since DeNB can identify the RN in Msg3, while   Msg1/2/3 can use any subframe.
-  Alt2b:  All the RACH messages are limited to backhaul subframes.
Above alternatives are compared from the following aspects: 

1)   Uu interruption time

The behavior of RN in Alt1 is same as the UE behavior in Rel-8/9. The interruption time costs by one RACH procedure is about 80ms without considering RACH retransmission, which has been discussed in section 2.1. Thus the Uu interruption time for Alt1 is about 80ms. 

The Uu interruption time of Alt2a can be reduced compared to Alt1 since the DeNB will transmit Msg4 only on DL backhaul subframe(s), therefore RN can communicate with R-UEs during the non-backhaul subframes when the mac-ContentionResolutionTimer is running. 
In Alt2b, RACH is performed only using UL/DL backhaul subframes. Thus the RN can communicate with the R-UEs normally on the Uu interface during the Un RACH procedure. Thereby there is no Uu interrupt time in Alt2b.
Although the Uu interrupt time for Alt1 and Alt2a is larger than Alt2b, they are still much less than 1200ms. Thus the Uu interrupt seems not a big problem.

2) Standardization effort

Alt1 is compatible with Rel-8/9.

In Alt2a, the change only limited to Msg4.

In Alt2b, in order to implement the RACH only using backhaul subframes, many standardization works are needed, such as:
· Dedicated preamble(s) should be reserved for the DeNB to distinguish who is initiating the RACH, RN or macro UE?

· The RAR needs to be sent on all Un DL backhaul subframes configured for all RNs in the RAR window because the DeNB can not distinguish which RN is initiating the RACH if the dedicated preamble(s) is (are) shared by all RN.
· New RN behaviors should be defined during the RAR window and mac-ContentionResolutionTimer.
According to the above analysis, the comparison of different alternatives can be found in the following table:

                                                         Table2. RACH alternatives comparison

	
	Alt1
	Alt2a
	Alt2b

	Uu interrupt time
	Long
	Medium
	short

	Standardization effort
	No effort
	Need some modification
	Need many modification


Although the Uu interrupt time for Alt1 is the largest, but it will bring little impact on R-UEs. From the standardization effort, it is proposed:
Proposal3: When RN in eNB mode initiates the RRC connection re-establishment, the legacy RACH procedure can be used as the baseline.
3 Conclusion
The behavior after RLF are discussed in this contribution, considering the impact to R-UE, interruption time on Un and specification effort, it is proposed RN perform RRC connection re-establishment after RLF. Moreover, the RACH procedure is discussed and Rel-8/9 procedure seems enough in this stage and can be the baseline. The proposals are summarized below:
Proposal1: When RN in eNB mode experiences RLF，it should try RRC connection re-establishment procedure.

Proposal2: If the RRC connection re-establishment failed, the RN go back to power on sequence.

Proposal3: When RN in eNB mode initiates the RRC connection re-establishment, the legacy RACH procedure can be used as the baseline.
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