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1. Introduction

In this contribution we would like to start the discussion regarding what should happen in the LTE UE and LTE ENB when Radio Link Failure (RLF) occurs.
2. UMTS RLF handling
We assume that an RLF in LTE_ACTIVE is most comparable with RLF in CELL_DCH:
· UE will switch off UL transmission after 40ms/160ms (required due to loss of inner-loop)

· After N313 consecutive “out of sync” indications from L1, the UE starts T313. The value range for T313 is 0..15 seconds.
· After 3.2 seconds (based on default values for N313 and T313), the UE will consider “radio link failure” to have occurred and initiate a cell update procedure. This will result in a cell update message being sent whenever possible. Up to this point in time the UE can return in coverage and continue with the ongoing transmissions.

· After T313 expiry, T314 and T315 are used to determine when to go to RRC-Idle. T314 and T315 support quite large values (20s and 1800s respectively). When the UE returns in coverage before these timers have expired and cleared the RRC connection, the UE will perform a cell update with cause value “radio link failure”.

This process is shown in figure 1.
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Figure 1: UMTS RLF example

Note:
Recently a contribution was discussed and noted for Rel-6/7 [1], which proposed to align the RLF handing in UMTS more to the common channel state behaviour based on a periodic cell update timer. The main motivation for this type of change was that the common channel state mechanisms (based on T305) allows to keep the RRC connection longer without UE/network contact (up to 720 minutes). This because keeping the RRC connection longer will result in keeping the Iu connection longer, thereby facilitating a quicker recovery.
Since for LTE, we assume that we (in the end) only talk about a transition to LTE_IDLE, and a subsequent state transition to LTE_ACTIVE can be performed within 100ms, we assume that it is not relevant for LTE to support this type of very long radio link failure periods in LTE_ACTIVE.
Note that in this contribution we will not discuss the more L1/RAN1 related aspects of how to detect radio problems in LTE, and how to verify the radio problem continuation (e.g. based on T313 like timer). We will just assume that also in LTE, we will have a “radio problem detection step” and a “problem verification step”, without studying what mechanisms are used in these steps in LTE. We assume this will be mainly driven by RAN1/4.
3. Radio Link Failure handling in LTE

3.1. Do we need two timers (T314/T315) ?
A first question that could be asked when looking at figure 1, is whether in LTE there is a need for two different timers associated with different RAB’s (T314 & T315). We assume a 2-timer approach is not necessary:
1. In UMTS the timers normally correspond to one domain each. When one of the two timers expires, all the resources towards one of the two domains are cleared. In LTE we will only have one domain. With one domain, there seems little gain in clearing some RB’s earlier than others.

2. Given that we will allow a quick recovery from LTE_IDLE -> LTE_ACTIVE, there seems to be no large reason to have RB-specific values.
3. The main factor determining the setting of the timer is probably the trade-off between control-plane load and unnecessary user-plane reservation:

· If the timer is set short, unnecessary user-plane resource reservation will be reduced, but more signalling might be required for subsequent state changes between LTE_IDLE and LTE_ACTIVE. This will e.g. load the MME.
· If the timer is set long, unnecessary user-plane resource reservation might occur (since the UE will anyway often not return) but it will reduce the control-plane overhead. Thus the load on the transport network and the UPE will be increased.
In line with the general LTE requirement to simplify network/UE operation, we assume that it should be possible to operate with only 1 timer in LTE, which we call T315.
Proposal 1:
Only T315 is used in LTE; T314 is no longer applicable.
The resulting sequence is shown in figure 2.

[image: image2.wmf]t

“

Everything ok

”

N313 consecutive out of syncs

No recovery during

“

T313

”

RLF detection

T314

N313

T315

UE based mobility control

Network based mobility control

RRC

-

Idle


Figure 2: Proposed basic LTE RLF process
3.2. 
What should happen when T315 expires ? 

In principle there seem to be 2 options:

1) Go to a “MAC-Dormant like state” for a longer period, and wait for a kind of “cell update” from the UE. If this situation continues without receiving any notification from the UE, proceed to LTE_IDLE.

2) Go to LTE_IDLE, and expect the UE to establish an RRC connection again somewhere.

Given the general assumption that the forward handover is currently not required, a consistent decision would be not to go for the more complex approach 1 (why have a “forward handover to the serving cell” if you don’t have it to other cells ?). This also simplifies the number of transitions. 

Proposal 2:

After T315 expiry, the UE/network goes to LTE_IDLE.
3.3. 
What timer values should be supported for T315 ?

Going quickly/less quickly to LTE_IDLE has two consequences:

1) Additional delay at data continuation
2) Data loss

3.3.1. Additional delay at data continuation
We should not proceed to LTE_IDLE too quickly, because some additional user plane delay will occur before data transport can take place again. 
In the case of UMTS after T315 expiry an RRC connection establishment procedure is required which will take something like one second. In LTE the additional delay for going through LTE_IDLE will be much smaller (< 100ms). As a result, it seems one could motivate a quicker transition to LTE_IDLE in LTE.

3.3.2. Data loss

While T315 is running, data loss may occur due to packet discarding at the ENB. If we assume that the network should not discard packets while they could still be usable for the receiving application, discard timer values will probably be in the range of 20ms (real time data) up to 5 seconds (UDP streaming applications with larger playout buffer).
By definition the ENB no longer buffers data packets for a UE after transition to LTE_IDLE. For the moment it seems also logical to assume that the ENB will not pass any buffered packets back to the AGW (based on RAN3 status). Thus we assume that at transition to LTE_IDLE, packets will be discarded before the corresponding discard timer has expired. As a result, the transition should not be executed to quickly.
3.3.3. Further rationale
In addition to the above, the following should be considered:

· a network might want to use larger timer values for cells in which it is more likely that the UE returns to the same cell. Therefore the potential range should be larger to allow some configuration flexibility.

· in earlier SA2/RAN2 discussions it was assumed that in case of no user activity and no user mobility, the UE power consumption in LTE_ACTIVE should allow a UE to be kept in LTE_ACTIVE for e.g. up to 10min. It would seem strange to keep a UE which cannot be contacted longer in LTE_ACTIVE then an inactive UE.
Based on the above we assume that the T315 range should be something like 0..600s. 
In addition we assume that since the MME is most aware of the RAB characteristics, about the network configuration and potential network signalling load/user plane load issues, it should be the MME that determines the T315 value to be applied.
Proposal 3:

The MME configures the value of T315 to be used by the ENB. T315 will have a range of something like [0-600s].
3.4. 
Should the ENB inform the aGW before the T315 expiry e.g. to stop the aGW from sending data in the DL ? 

In order to keep things simple, it seems preferable to continue normal LTE_ACTIVE behaviour, which means that the ENB should not inform the aGW, but instead buffer (and potentially discard) the data.
We identified 2 cases in which the ENB might not be able to wait until T315 expiry before informing the aGW:

1. when the ENB discards so much data that a PDCP SN wrap-around is close to occur;

2. when the ENB runs out of resources related to UE’s for which T315 is running (e.g. C-RNTI);

Rather than creating a LTE_ACTIVE substate in the ENB for these rare cases, we assume these cases might be addressed by transiting earlier to LTE_IDLE, i.e. before T315 expiry.
Proposal 4:


The ENB does normally not inform the aGW about radio problems before T315 has expired.
4. Proposal
Based on the above, it is proposed to introduce the following subsection in the LTE Stage-2:

x.y Radio Link Failure handling

When serious radio link problems are detected by the UE: 
· the UE will start T313; 

· if the problems continue during T313, the UE will switch to UE based mobility control and start timer T315;
· if the problems continue during T315, the UE will switch to LTE_IDLE;
This radio link failure handling is shown in figure x.
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Figure x: LTE Radio Link Failure handling
The MME configures the value of T315 to be used by the ENB. T315 will have a range of something like [0-600s].
The ENB does normally not inform the aGW about the radio problems before T315 has expired.

Ref [2] discusses in more detail what the UE actions are for different mobility scenarios while the different timers T313 and T315 are running.
5. References

[1]:

R2-061188
UE behaviour in RRC Connection Re-establishment scenarios 
[2]: 
R2-061828
Intra-LTE mobility in case of no handover preparation
























