3GPP TSG RAN WG2 #68
R2-096535
Jeju-Do, Korea
09 - 13 November 2009

Agenda item:

4.2.1.3
Source:
Infineon Technologies
Title:
Unreliable HeNB
Document for:

Discussion and Decision

1
Introduction

Documents [1], [2], and [3] were submitted to previous RAN2 meetings, but not discussed due to lack of time. They are discussing the need for a special handover mechanisms from HeNBs to eNBs (or other HeNBs) taking into account some typical characteristics of HeNBs pertaining to unreliability.
With this contribution we would like to continue the discussion.

2
Analysis
As stated correctly in [1], a HeNB will be a device deployed and managed by the user in his own premises. For proper operation it depends on the broadband performance of the backhaul link which cannot be influenced by the MNO. Furthermore, it is not protected against various types of ‘accidents’. 
The following are some of the situations that can occur:
1) The user may shut down the power of HeNB or backhaul device modem (inadvertently or intentionally),

2) Wrong manipulations of the device may break it down without the user noticing,
3) In some geographical areas of the world intermittent electricity cuts are very frequent. This may be harmful to the HeNB, not saying that it will cause a failure of the air interface,
4) Some inadvertent hazards can put the HeNB out of work permanently (water pouring on the device, falling from its emplacement) and so on.
5) The connection between backhaul device modem and local telecomm operator office may be disconnected due to unreliable line quality,
6) The connection from HeNB to HeNB GW may be congested,
In some of these situations only the communication link between HeNB and the CN will be interrupted, while in other situations both 
· loss of the radio link, and

· failure of the broadband link into the CN
may occur.
From the situations listed above, we believe that situation #1 (inadvertent shut down by user), and situation #3 (power cuts) will be the predominant reasons to cause unreliability of HeNBs. In these situations problems occur on both interfaces (radio link and broadband connection).
Conclusion: HeNBs can be more often in situation of unreliability than eNBs for the reasons given above. This deserves some special attention in the specification work. 
3 Problems Identified
3.2
Backhaul Link Failure

In this failure case the HeNB cannot access the internet to transmit and receive a UE’s DL/UL messages, it cannot exchange mobility related messages with the MME, and it cannot receive paging messages from the MME to be forwarded to a UE in its coverage. In addition -as the radio link is still working- other UEs may still try to connect to such an imperfect HeNB.
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Figure 2:  Backhaul Link Failure.

3.1
HeNB Failure

When this type of failure occurs, the UE cannot access the HeNB over the air interface. Also, the exchange of HO commands and paging messages will not be feasible. The UE will initiate RLF procedure and the search for a new cell will increase power consumption. As no context can be found for this particular UE in other cells, the UE eventually goes into RRC_IDLE state after the second phase of the RLF procedure.
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Figure 1:  HeNB Failure.
4 Discussion
Normal UE behaviour:

· Measurements are configured via RRC,

· UE continuously monitors the radio landscape it is residing in,
· UE reports measurements back to serving cell,
· If a problem with the radio link is detected, the UE enters the first and possibly the second phase of the RLF procedure. After that it eventually goes into RRC_IDLE
In the second phase of the RLF procedure the UE may choose to return to the previous cell, or select a different cell. To access any of these cells the UE would have to kick-off RA procedure. Depending on whether the cell in question has stored context for that UE, the UE can either resume connection or it is required to go into RRC_IDLE.
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Figure 3: Radio Link Failure (as described in TS 36.300).
As explained above HeNBs are unreliable by nature; the two failure scenarios discussed in section 3 may occur any time. Thus, configuration of UEs for a specific HO to fallback cells prior to Backhaul Link Failure or HeNB Failure makes sense.
It seems advantageous to provide those UEs that are served by a HeNB in advance, i.e. during normal operation, with all information necessary to perform handover to a fallback cell for Backhaul Link Failure or HeNB Failure. As soon as a failure problem is detected, the UE should receive a short indication from its serving HeNB (if it is still able to do so).
Proposal 1: To handle Backhaul Link Failure and avoid situations where no data can be exchanged between UE and core network although the radio link is fine, RAN2 should consider a specific HO preparation mechanism that will facilitate HO to a fallback cell when no communication link exists between HeNB and backhaul link/HeNB GW.
Proposal 2: To handle HeNB Failure (i.e. to prevent UEs from going into RRC_IDLE), RAN2 should consider a specific HO preparation mechanism that will facilitate HO to a fallback cell when no communication is possible anymore over the air interface.
5 Proposed Solution

5.1
Scenario 1

Figure 4: Specific HO for HeNB failure scenario 1.
Specific HO Preparation: In this stage, the HeNB obtains information about suitable fallback cells. For this, measurement reports received from the UE are used and the CN may be involved in the selection of a fallback cell.
Message #1: Specific HO Configuration (from HeNB to UE)

The UE is prepared for sudden Backhaul Link Failure or HeNB Failure. This message could contain something like “IF (you receive error code X), THEN (try to connect to fallback cell A)”, or “IF (you receive error code Y), THEN (try to connect to fallback cell B)”. This message may also contain the Target eNBs’ contexts (Cell-ID, physical layer parameters) to prepare the UE accordingly.

Message #2:  Specific HO Command (from HeNB to UE)

This message contains a trigger to switch to a fallback cell; this could be one of the error codes (X or Y) mentioned above.
Message #3:  Incident Indication (from HeNB to CN)

This message contains details about the type of incident that caused the HeNB to break down.

We think it is important for the CN to know that one of its HeNBs has stopped operation (plus error code), so that paging info can be updated. The update of neighbour cell lists is also required to avoid HO of other UEs to the crashed HeNB cell.
Message #4:  Connection Set-up (from UE to Target eNB)
Proposal 3: RAN2 should consider the possibility for UE to complete a specific HO in a coordinated manner when HeNB is aware that it is going to lose power (according to Figure 4).

5.2
Scenario 2


Figure 5: Specific HO for HeNB failure scenario 2.
Specific HO Preparation: In this stage, the HeNB obtains information about suitable fallback cells. For this, measurement reports received from the UE are used and the CN may be involved in the selection of a fallback cell.
Message #1:  Specific HO Configuration (from HeNB to UE)
The UE is prepared for sudden Backhaul Link Failure or HeNB Failure. This message could contain something like “IF (you detect RLF) THEN (try to set-up a connection with fallback cell A until Tnew expires). IF (you do not succeed within Tnew) THEN (enter the second phase of the radio link failure process)”. This message may also contain the Target eNBs’ contexts (Cell-ID, physical layer parameters) to prepare the UE accordingly. The relationship between T1, Tnew, and T2 is for further study.
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Figure 6: Enhanced Radio Link Failure Procedure.
Message #2:  Connection Set-up (from UE to Target eNB)
Proposal 4: RAN2 should consider the possibility for UE to complete a specific HO in a coordinated manner even if a HeNB is suddenly breaking down (according to Figure 5).

5.3
Note
It is not our intention to reserve any resources, as the ‘HeNB Breakdown’ is an incident that may never occur. In particular RA Preambles should not be part of the ‘Specific HO Configuration’ (Message #1 in the transaction flows above). Instead the UE shall only be provisioned with some basic information about the Target eNB (such as Cell-ID and physical layer parameters of the fallback cell) in order to perform a guided cell search.
6 Benefits of the Proposed Solution
The specific HO mechanism we are proposing in this document is
· avoiding waste of power (UE is not required to go to IDLE and come back),

· reducing unnecessary delay (search for new cells is simplified), and

· allowing more flexibility for the MNO in spreading UEs to different fall back cells.

7 Conclusion
The unreliability of HeNB brings up a need for a specific HO mechanism. Otherwise a UE may unnecessarily waste power by searching for alternate cells or go into RRC_IDLE at the end of the RLF process which would cause a significant delay.
The solution proposed guarantees a smooth handover in case of Backhaul Link Failure or HeNB Failure. The user’s discomfort is attenuated.
8 Summary
To sum up, we are proposing RAN 2 should consider
· a specific HO preparation mechanism that will facilitate handover to a fallback cell

· in case of Backhaul Link Failure
· in case of HeNB Failure
· the possibility for UE to complete a specific handover in a coordinated manner 
· when HeNB is aware that it is going to lose power (according to Figure 4)
· even if a HeNB is suddenly breaking down (according to Figure 5)
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HeNB Breakdown





The serving HeNB is still able to send out short indications about�what happened after HeNB power cut as shown in Figure 4.
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The serving HeNB is not able to communicate with any other�entity after the incident happened as shown in Figure 5.
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