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1 Introduction
 The identities used in E-UTRA were discussed in RAN2 #52. However, the signalling sequence to be followed in case a UE in LTE_ACTIVE accesses a cell, in which no UE context has been established, has not been agreed yet. The conceivable signalling procedures are as follows.
1) In order to obtain the UE context/data from the old eNB, the new eNB directly contacts the old eNB without consulting the aGW [1].
2) In order to obtain the UE context/data from the old eNB, the new eNB consults the aGW to obtain the identity of the old eNB [1].
3) In order to obtain a UE context, the new eNB contacts the aGW [1].
4) The UE will be forced to go to LTE_IDLE [2].
 To clarify the signalling sequence for such RRC connection re-establishment, this paper compares the above four alternatives in case a UE in LTE_ACTIVE accesses a cell, in which no UE context has been established (This case is called “RRC re-establishment” in this paper) and shows our preference.
2 Discussion
2.1
Signalling Procedures
 This section shows an example procedure for handling handover failure for each of the above mentioned four alternatives. Note that in sequel, the source eNB is the eNB to which the UE was originally connected, the target eNB is the eNB that was originally intended for handover, and the new eNB is the eNB that the UE selected after detecting handover failure.
2.1.1 New eNB directly contacts old eNB without consulting MME
Figure 1 shows an example procedure for alternative 1 after handover failure detection.
1. The UE sends a RACH preamble to a new eNB after the handover failure detection.
2. The new eNB responds with a timing advance and scheduling grant for the RACH preamble.

3. The UE sends a cell update to the new eNB, which includes the C-RNTI, eNB, and cell identities of the target eNB, after receiving the timing advance and scheduling grant for the RACH preamble. Here the cell update procedure is assumed to be used when a UE in RRC_CONNECTED accesses a cell, in which no UE context has been established.
4. The new eNB determines the target eNB identity from the cell update message, and retrieves the UE context and data (FFS) from the target eNB and requests the target eNB to resource releases.
5. The target eNB transfers the UE context and buffered data (FFS) to the new eNB, and releases resources.
6. The UE location information is updated in the MME / UPE to enable the UPE to forward packets directly to the new eNB, after the new eNB receives the UE contexts / data and release response from the target eNB.
7. The new eNB responds to the UE with a cell update confirm.

8. The UE sends a mobility information confirm to the new eNB.
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Figure 1: Signalling procedure in case the new eNB directly contacts the old eNB without consulting the MME.
2.1.2 New eNB consults MME to obtain old eNB identity
Figure 2 shows an example procedure for alternative 2 after handover failure detection.

1. The UE sends a RACH preamble to the new eNB after the handover failure detection.

2. The new eNB responds with a timing advance and scheduling grant for the RACH preamble.

3. The UE sends a cell update to the new eNB, which includes the TMSI allocated by the MME, after receiving the timing advance and scheduling grant for the RACH preamble. This paper assumes that the TMSI carries obscure identifier of the MME that stores the UE context (as the NRI in Rel.6).
4. The new eNB contacts the MME / UPE identified by the TMSI.
5. If the MME accepts the connection request, the MME sends a connection setup containing the source eNB identity to the new eNB.
6. The new eNB determines the source eNB identity from the connection setup transmitted by the MME, and retrieves the UE context and data (FFS) from the source eNB. The new eNB also requests the source eNB to release resources.
7. The soruce eNB transfers the UE context and data (FFS) to the new eNB, and releases resources.

8. The new eNB responds to the UE with a cell update confirm.

9. The UE sends a mobility information confirm to the new eNB, after receiveing the cell update confirm.
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Figure 2: Signalling procedure in case the new eNB consults the MME to obtain the identity of the old eNB.
2.1.3
New eNB contacts MME
Figure 3 shows an example procedure for alternative 3 after handover failure detection.
1. The UE sends a RACH preamble to the new eNB after the handover failure detection.
2. The new eNB responds with a timing advance and scheduling grant for the RACH preamble.

3. The UE sends a cell update to the new eNB, which includes the TMSI allocated by the MME, after receiving the timing advance and scheduling grant for the RACH preamble.

4. The new eNB contacts the MME / UPE identified by the TMSI.
5. The MME determines the old eNB identity from the TMSI, and requests the old eNB to relesase resources.

6. If the MME accepts the connection request, the MME sends a connection setup to the new eNB.

7. The new eNB responds to the UE with a cell update confirm.
8. The UE sends a mobility information confirm to the new eNB, after receiving the cell update confirm.
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Figure 3: Signalling procedure in case the new eNB contacts the MME.
2.1.4
New eNB forces UE to go to LTE_IDLE
Figure 4 shows an example procedure for alternative 4 after handover failure detection.

1. The UE sends a RACH preamble to the new eNB after the handover failure detection.
2. The new eNB responds with a timing advance and scheduling grant for the RACH preamble.

3. The UE sends a cell update to the new eNB, which includes the TMSI allocated by the MME, after receiving the timing advance and scheduling grant for the RACH preamble.

4. The new eNB requests the UE to release the RRC connection and re-establish an RRC connection, after receiving the cell update.

5. The UE sends a RACH preamble to the new eNB.
6. The new eNB responds with a timing advance and scheduling grant for the RACH preamble.

7. The UE sends an RRC connection request to the new eNB, which includes the TMSI allocated by the MME, after receiving the timing advance and scheduling grant for the RACH preamble.

8. The new eNB contacts the MME / UPE identified by the TMSI.

9. The MME determines the old eNB identity from the TMSI, and requests the old eNB to release resources.
10. If the MME accepts the connection request, the MME sends a connection setup to the new eNB.
11. The new eNB responds to the UE with an RRC connection response.
12. The UE sends an RRC connection setup complete to the new eNB, after receiving the RRC connection setup.
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Figure 4: Signalling procedure in case the new eNB forces the UE to go to LTE_IDLE.
2.2
Comparison
Table 1 compares the above mentioned four alternatives, from the perspective of delay, UL message size, neccessity of X2 interface, simplicity, and ability to transfer user data from the old eNB (‘+’ means good and ‘-‘ means not good). It is assumed that S1 and X2 delays are nearly the same.
Table 1: Comparison of each alternative

	
	Alt.1
	Alt.2
	Alt.3
	Alt.4

	General description
	New eNB directly contacts the old eNB without consulting the MME
	New eNB consult the MME to obtain the identity of the old eNB
	New eNB contacts the MME
	New eNB forces the UE to go to LTE_IDLE

	Delay
	+

8 signalling transactions.
	-

9 signalling transactions.

Alt.2 needs processing delay in MME (5ms), processing delay in eNB (4ms) and S1 delay compared with Alt.1 and 4.
	+

8 signalling transactions.
	--

12 signalling transactions.

Alt.4 needs additional signalling to release and re-establish the RRC connection.

	UL message size
	+

Alt.1 needs the C-RNTI, eNB, and cell identities to identify the old eNB. [e.g. UMTS uses U-RNTI (32bits)]
	+

Alt.2 needs the TMSI to identify the MME out of all MMEs in pool area and the UE context in the MME. [e.g. UMTS uses TMSI obscuring NRI (32bits)]
	+

Alt.3 needs the TMSI to identify the MME out of all MMEs in pool area and the UE context in the MME. [e.g. UMTS uses TMSI obscuring NRI (32bits)]
	+

Alt.4 needs the TMSI to identify the MME out of all MMEs in pool area and the UE context in the MME. [e.g. UMTS uses TMSI obscuring NRI (32bits)]

	Necessity of X2 interface
	Yes
	Yes
	No
	No

	Simplicity
	-

It is necessary to setup X2 interface in case X2 interface is not established.
	-

It is necessary to setup X2 interface in case X2 interface is not established.
	+

It is not necessary to use eNB and cell identities. It is independent from whether the X2 interface is available or not.
	-

It is necessary to release and re-establish RRC connection. It is independent from whether the X2 interface is available or not.

	Possibility of user data transfer from the old eNB
	Yes
	Yes
	No
	No


As shown in Table 1, alt.1 and 2 are capable of transfering user data from the old eNB upon RRC re-establishment. However, such user data transfer function upon RRC re-establishment would not be needed, because the TCP timer is likely to be expired by the time the UE in LTE_ACTIVE detects out of L3 synchronisation and re-establishes the RRC connection. Therefore, considering the simplicity and low delay, alt.3 is the preferable solution. Alt.3 can be applied even if there is no X2 interface between the old and new eNBs.
3 Proposal
To clarify the signalling sequence upon RRC connection re-establishment, this paper compared four alernatives in case a UE in LTE_ACTIVE accesses a cell, in which no UE context has been established.
In conclusion, the solution where the new eNB contacts the MME (Alt.3) is preferable to avoid extra delay caused by setting up the X2 interface, and to simplify the procedure.
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