3GPP TSG-RAN WG2 Meeting #67bis
R2-095880
Miyazaki, Japan 

12th– 16th October 2009

Agenda item:

4.2.1.1
Source:
HTC Corporation
Title:
A particular case of HO for unreliable HeNB 
Document for:

Discussion and Decision
1
Introduction

There has been a discussion on inbound CSG mobility LTE in RAN2#66 ‎[2] and until now some discussion are still ongoing on the email reflector. 
Even though no discussion started yet about outbound mobility from CSG to LTE / CSG cell, we believe it will be a S1-based handover based on the actual architecture of HeNB in [1]. Therefore, we will like to introduce a specific case of handover from HeNB which will need a particular attention when we start that discussion. That is, to consider the unreliability of HeNB under user’s management that could trigger either RLF or a drop in data traffic exchange. This document examines this issue further and try to propose some possible direction.
2
Problem statement
HeNB will be a user deployed and user managed device. It will also be entirely dependent on the backhaul broadband performance. Therefore, we have to keep in mind that it is not protected against accident from the same user and environment. The following are some of the situations that can occur:
1) The connection between backhaul device modem and local telecomm operator office may be disconnected due to unreliable line quality.
2) The connection from HeNB to HeNB GW may be congested 
3) User may inadvertently shut down the power of HeNB or backhaul device modem,

4) Wrong manipulations of the device may break it down without the user noticing.

5) In some geographical areas intermittent electricity cut is very frequent and this may be harmful to HeNB, not saying that it will bring the failure of the air interface.

6) Some inadvertent hazards can put the HeNB out of work permanently (water pouring on the device, falling from its emplacement) and so on.

The straight consequence of these problems is that the communication link between HeNB and UE will be interrupted and eventually lead to RLF or the data traffic will be interrupted (in case of backhaul failure). Therefore, HeNB can be easily in situation of unreliability than eNB and it deserves some attention in the specification work. In case of backhaul link or HeNB failure appropriate actions should be taken to recover UE’s calls, if any. 
3 Penalty
The main motivation of deploying HeNB is to ensure the improvement of the overall system performance, not to degrade its performance. Therefore, we believe some solutions need to be addressed to overcome this situation. If this problem is not addressed, it’s likely that everytime a HeNB is unreliable its UEs eventually will go idle and then try to switch to eNB. That can have a ripple effect, because eNB will be struggling to keep up with the onslaught of traffic that was supposed to be carried by HeNB.
3-1 Backhaul link failure

In case the backhaul link failed, HeNB cannot access the internet to transmit and receive UE’s DL/UL messages. Also the HeNB cannot exchange mobility related messages with the MME, it cannot forward paging messages to the UEs and some UEs may still try to connect to such an imperfect HeNB. The plausible solution in such a situation is to handoff the UE to the next available Target eNB. However, HeNB needs to prepare the S1-based HO with a Target eNB before sending the HO command to UE. As no operational backhaul link exists to join the outside world, HeNB will not be able to prepare the S1-based HO. Unless HeNB sends a clear instruction to UE in such a situation, eventually UE may go Idle. Furthermore, the radio link is still kept between UE and HeNB, so there is no RLF but UE activity will be interrupted. 
3-2 Air interface failure

The consequence is even drastic when UE cannot access HeNB due to its failure (no air interface). Because of the HeNB inaccessibility, no HO preparation is feasible and also no HO command sending to UE will be possible. Therefore, if ever RRC reestablishment procedure failed, UE may initiate RLF (goes in RRC_IDLE mode) which will interrupt all its ongoing activities. When UE retarts new cell search this may also increase power consumption (noting that UE may not be accepted in some CSGs). Also in this case paging messages cannot be forwarded to the UEs.

4 Proposed solution
To address this situation it is proposed to introduce a specific HO mechanism that could prepare in advance a Target eNB to receive UE when its HeNB is unreliable. The UE and the Target eNB will receive specific information from HeNB. This information will be used for HO when HeNB is unreliable before the UE initiates RLF and/or activity interruption.

Proposal 1: RAN2 should consider a specific HO preparation mechanism that will facilitate HO when no communication is possible over the air interface between HeNB and UEs or when no communication exists between HeNB and backhaul link/HeNB GW.
4-1 Backhaul link failure case
In case of backhaul link failure, the HeNB will not be able to access the outside network, but it can still transmit over the air interface to UEs. Therefore if the reason of the link failure is known to HeNB, it could send to UE a specific indication which contains available out-of-service information such as expected downtime and/or expected uptime etc. This indication might prevent UE to go idle and complete a specific HO and/or later helps UE to move back to its previous HeNB.
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Figure 1: Specific HO of UE in case of Backhaul link failure
Exchanged messages flow (based on S1-based handover as in [3])

1-2. The UE makes the measurement reports of its neighboring cell and reports this measurements to HeNB 

3.
The HeNB decides to initiate an S1-based specific handover to the target eNodeB, triggered after dynamic information learnt by the source eNodeB. 
4.
The source eNodeB sends specific HO Request that should include a Specific HO code/timer to the source MME. The specific HO code or timer distinguishes normal HO from specific HO and only Target eNB with available resources may accept this type of HO. The code or timer defines the time to keep the UE context before releasing it if not used.


5.
The MME sends Specific Handover Request that includes the information above to the target eNodeB. This message creates the UE context in the target eNodeB, including information about the bearers, and the security context.
6.
The Target eNodeB sends a Handover Request Acknowledge message to the MME. 
7. The MME sends the Handover Command message to the source eNodeB. 
8.
eNodeB prepares a specific HO command for UE. This command includes a list of error codes and the time duration in which the specific HO can be used. As HeNB cannot know what kind of error could happen (backhaul failure or air interface cut), therefore it prepares UE with the different case of error code that can occur. This message may or may not contain dedicated preamble according to target eNB resource availability. 
9.
A backhaul link failure occurs and HeNB prepares a specific indication message for its UEs.
10.
The specific indication may contain the available out-of-service information such as expected downtime and/or expected uptime etc.No status transfer will be possible because no connection exists between HeNB and MME.

11.
UE detaches from HeNB and connects to the Target eNB using the context received from Specific Handover Command.
12.
After the UE has successfully synchronized to the target cell, it sends a Handover Confirm message to the target eNodeB. No indirect forwarding packet will be initiated as there is a backhaul link failure.

13. At this point the CN handles the data path switching to update the new location of UE and also CN will be notified that the particular HeNB is down when it tries to reach the HeNB during path switching.

Proposal 2: RAN2 should consider the possibility for HeNB with a failed backhaul link to send an indication to UE that contains available out-of-service reasons such as expected downtime and/or expected uptime. This information should help UE to complete a specific HO and/or later to move back to its HeNB. 
4-2 HeNB failure case
4-2.1 HeNB Total failure
In case of total HeNB failure, there won’t be any possible communication between HeNB and UE over the air inteface. Therefore, the HO should be triggered by UE itself after a certain delay before the expiration of the time needed to go in RRC_IDLE. HeNB would have already prepared a Target eNB and its UE to be able to complete the HO without its own intervention.
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Figure 2: Specific HO of UE in case of HeNB failure
Exchanged messages flow:
All the messages exchanged until message #8 work as in figure 1. At this level the UE will be prepared with different option of error cases and the time interval in which the specific HO is active. So UE can react consequently to either an air interface failure or a backhaul failure.

9.
The air interface failure occurs in HeNB. The UE will wait until RLF detection before triggering the specific HO INSTEAD of RRC re-establishment procedure. Only when the specific HO failed that the timer related to RRC re-establishment procedure might be triggered to start that event.

10.
UE detaches from HeNB and connects to the Target eNB using the context received from Specific Handover Command. If dedicated preamble were reserved for UE, it is used it to synch with target eNB. 

11.
After the UE has successfully synchronized to the target cell, it sends a Handover Confirm message to the target eNodeB. No indirect forwarding packet will be initiated as HeNB is out of service and not reachable.

At this point the CN handles the data path switching to update the new location of UE and also CN will be notified that the particular HeNB is down when it tries to reach the HeNB during patch switching
Proposal 3: RAN2 should consider the possibility for UE to complete a specific HO to prevent initiation of RLF when UE cannot access HeNB and did not receive any specific indication from HeNB during some predetermined time.

4-2.1 HeNB partial failure
In case of partial HeNB failure, HeNB can still prepare its UE for either a specific HO or even a normal HO according to the expected time before complete failure. This scenario is like the figure 1 where an incident occurs that will cut the air interface but in a relative time (the connection is still active) and HeNB still has a connected backhaul link.
Exchanged messages flow(as in figure 1):
All the messages exchanged until message #8 work as in figure 1 or 2. At this level the UE will be prepared with different option of error cases so that it can react consequently to either a HeNB failure or a backhaul link failure.

9.
A HeNB partial failure occurs and the HeNB decides the way to HO its UE, either by using the specific HO or normal HO if the time remaining before total failure allow it. In case the HeNB decides to use the specific HO a specific indication is then prepared.

10.
The specific indication may contain the available out-of-service information such as expected downtime and/or expected uptime etc.
11.
UE detaches from HeNB and connects to the Target eNB using the context received from Specific HO Command. Downlink packets forwarded from the source eNodeB can be sent to the UE. Also, uplink packets can be sent from the UE, which are forwarded to the target Serving GW and on to the PDN GW
12.
After the UE has successfully synchronized to the target cell, it sends a Handover Confirm message to the target eNodeB. The CN will update the bearers that need to be updated/released etc as in [3].
13. At this point the CN handles the data path switching to update the new location of UE and also CN will be notified that the particular HeNB is going down and may prevent mobility of other UEs to it.
Proposal 4: RAN2 should consider the possibility for HeNB to decide for a specific HO by sending a specific indication or normal HO by sending HO command to UE when it is aware of some upcoming breakdown.
5 Conclusion
We conclude that the reliability of HeNB should be closely considered and the proposed specific HO mechanism should be used to handle this particular case before UE initiates RLF. Therefore, we would like to draw the specification work attention ont this typical case which may be a pain for UEs and we propose the following:
Proposal 1: RAN2 should consider a specific HO preparation mechanism that will facilitate HO when no communication is possible over the air interface between HeNB and UEs or when no communication exists between HeNB and backhaul link/HeNB GW.
Proposal 2: RAN2 should consider the possibility for HeNB with a failed backhaul link to send an indication to UE that contains available out-of-service reasons such as expected downtime and/or expected uptime. This information should help UE to complete a specific HO and/or later to move back to its HeNB.

Proposal 3: RAN2 should consider the possibility for UE to complete a specific HO to prevent initiation of RLF when UE cannot access HeNB and did not receive any specific indication from HeNB during some predetermined time.

Proposal 4: RAN2 should consider the possibility for HeNB to decide for a specific HO by sending a specific indication or normal HO by sending HO command to UE when it is aware of some upcoming breakdown.
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