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1. Introduction
When network assisted re-establishment mechanisms were discussed at RAN2 #83bis, an alternative enhancement to fetch UE context from the source eNB after RLF was proposed [1]. This paper discusses how the UE context fetch mechanism can be realised. The solution is analysed in terms of U-plane interruption time and the other aspects.
2. Discussion
2.1. UE context fetch procedure

In Rel-9, the UE context fetch mechanism was discussed in the context of mobility enhancement and SON MRO (e.g., [2]). After discussed intensively in RAN2/3, the agreement for Rel-9 was to do nothing [3]. At that time, a new procedure to inquiry the UE context was thought as necessary [4, 5]. However, the mechanism to fetch the UE context can be supported by means of the existing signalling and procedures. Fig.2 illustrates the whole procedure of fetching the UE context using the existing X2-AP procedures. Some remarks are explained below:
· Inquiry, matching and verification of UE context
For the source eNB to identify and verify the UE context, source PCI, C-RNTI and short MAC-I are needed. The RLF INDICATION message specified for SON MRO can include these IEs and deliver to a peer eNB. The target eNB where the UE attempts to recover from RLF can utilise this X2-AP message for inquiry purposes. By receiving this message, the source eNB where the UE is connected before RLF can identity and verify the inquired UE context.
· Transfer the UE context

Upon identifying/verifying the UE context, the source eNB has to transfer it to the target eNB. The X2 Handover Preparation procedure can transfer the UE context to a peer eNB and hence be reused for this purpose. Both source and target eNBs can learn for what purpose the X2 Handover preparation procedure is used, i.e., X2 handover or UE context fetch since the condition of initiating the procedure is different between those two cases.
Therefore, the following can be observed:
Observation 1:
UE context fetch can be supported by network implementation utilising the existing X2-AP procedures.
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Fig.2:
UE context fetch procedure
2.2. Expected reduction of U-plane interruption time
When the UE experiences an RLF and attempts to recover the connection towards an unprepared cell, U-plane interruption time consists of the components shown in table 1.
Table 1:
Components of U-plane interruption time
	No.
	Components of U-plane interruption time
	Notes

	1)
	T310
	A typical value is 1000 ms

	2)
	UE re-establishment delay (TUE-re-establish_delay)
	(50 + Nfreq*Tsearch + TSI + TPRACH) = (50 + Nfreq*Tsearch + 200 + 10) = (260 + Nfreq*Tsearch) ms [7, 8].
Tsearch: 100 ms (known cell) or 800 ms (unknown cell)

Nfreq: a number of carriers to monitor

	3)
	RRC procedure delay for re-establishment
	40 ms [8]. RA procedure delay of 10 ms is included in 2).

	4)
	NAS recovery
	200 ms [8]. 


With the UE context fetch mechanism, the procedure delay for NAS recovery can be removed from the interruption time (aqua part in Table 1). The procedure delay of 200 ms is understood as the normal case. However, it may take longer in the real network if the UE still experiences severe interference or the traffic load is high. 
With regards to the other alternative enhancements discussed in the last meeting, the solution to provide the list of carrier frequencies [9] can remove the cell search delay marked with yellow in Table 1. The solution to provide the list of prepared cells can remove both the NAS recovery and cell search delay (aqua and yellow). Thus, the gain of these proposed enhancements depend on the number of carriers to monitor and whether a target cell is known to the UE or not. In case of the known cell, the required delay is 100 ms per carrier. If the UE monitors 3 LTE FDD carriers according to [6], the total search delay is still 300 ms. Both proposals can reduce the search delay to 100 ms by indicating the target carrier/cell to search. The gain of reducing the search time (200 ms) is the same as the time to fetch UE context. In case of the unknown cell, the total search delay is enlarged to 2400 ms if the 3 carriers are monitored. The gain of the reduced search time in this case is 2400 – 800 = 1600 ms. This is quite larger than the UE context fetching time. Therefore, the following can be observed:
Observation 2:
The gain of reducing the cell search time by indicating a target carrier/cell is comparable to the time to fetch UE context if a target cell is known to the UE. In contrast, the compared gain is quite large in case of the unknown cell.

2.3. Comparison of NW-assisted re-establishment alternatives
In addition to the standard impact and the U-plane interruption time aspect, configuration effort and legacy UE support are analysed and compared among alternatives as shown in Table 2. When considering a solution requiring the standard change, it is worth to take into account all these aspects rather than looking into the performance aspect.
Table 2:
Comparison of NW-assisted re-establishment alternatives
	#
	UE context fetch
	Provisioning of the carrier frequency list
	Provisioning of the prepared cell list

	Standard impact
	No (Already supported by implementation)
	Yes
	Yes

	UP interruption time
	Known cell
	Comparable
	Larger than others

	
	Unknown cell
	Low
	Large
	Large

	Configuration effort
	None
	Medium
(The carrier frequency list has to be prepared and configured)
	High
(The prepared cell list has to be prepared and configured for each cell)

	Legacy UE support
	Yes
	No
	No


3. Summary and proposal
This paper discussed the UE context fetch mechanism in terms of technology realisation and gain analysis. The followings were concluded:
Observation 1:
UE context fetch can be supported by network implementation utilising the existing X2-AP procedures.
Observation 2:
The gain of reducing the cell search time by indicating a target carrier/cell is comparable to the time to fetch UE context if a target cell is known to the UE. In contrast, the compared gain is quite large in case of the unknown cell.
With these conclusions, the followings are proposed:

Proposal 1:
RAN2 is respectfully asked to confirm Observation 1. I.e., UE context fetch can be supported by network implementation utilising the existing X2-AP procedures.
Proposal 2:
The need of new mechanism should be discussed taking into account the analysis shown in Table 2.
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