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Discussion and decision
1.  Introduction
At RAN2 #64, RAN2 received an LS from SA2 [1] and another from CT1 [2] regarding connection recovery by NAS. In [1] SA2 has requested CT1 and RAN2 to define a “pure NAS recovery” solution in case the RRC connection has failed. This paper presents a text proposal to capture this behaviour in TS 36.331 and also discusses the need for an on/ off control mechanism as suggested by CT1 in [2]. Furthermore, it is proposed that appropriate release cause shall be indicated to the NAS when transiting to RRC_IDLE in any case.
2. Discussion
2.1
Connection recovery by NAS
In the LS received from SA2 [1], SA2 has requested CT1 and RAN2 to define a “pure NAS recovery” solution upon RRC connection failure. This is described in Table 1. After RRC connection failure (i.e., RRC re-establishment failure), the UE enters RRC_IDLE and tries to camp on a suitable cell. When a suitable cell is found, the action taken by NAS depends on whether UL data are pending or not, and whether the Tracking Area of this cell belongs to the registered TA list or not, hence resulting in the four cases shown in Table 1. The only difference when the “pure NAS recovery” solution is applied is Case 4, i.e., when no UL data is available and the found cell belongs to a TA from within the registered TA list. In this case, the UE does nothing under the current model without NAS recovery. However, with “pure NAS recovery”, the UE is forced to initiate a TAU procedure. This allows faster U-plane recovery when DL data are pending in the network side.
Table 1
NAS behaviour in case of RRC connection failure with/ without NAS recovery.

	Case
	Pending UL data
	TA of selected cell after RRC connection failure
	Without NAS recovery
	With NAS recovery

	Case 1
	Yes
	Outside registered TA list
	TAU with active flag
	TAU with active flag

	Case 2
	Yes
	Inside registered TA list
	Service request
	Service request

	Case 3
	No
	Outside registered TA list
	TAU
	TAU

	Case 4
	No
	Inside registered TA list
	Do nothing
	TAU


The impact to RAN2 of this NAS recovery solution is that RRC has to indicate failure to NAS, when RRC connection is lost, i.e.,
· when an RRCConnectionReestablishmentReject is received upon RRC re-establishment,

· when the selected cell, to which RRC re-establishment is being performed, becomes no longer suitable,

· when T301 has expired,

· when T311 has expired, or

· when the UE has selected a cell from another RAT during T311.

When T311 expires, one might argue that the network would likely have detected loss of connection and have already released the connection. If this is the case, forcing a TAU would be futile. However, since the network cannot know when the UE has started T311, the network could only detect loss of connection when the network has tried to send something on the downlink, without the NAS recovery solution. For example, in case of long-DRX, no PUCCH resources are likely allocated to the UE. Thus, only after the eNB has sent a PDCCH order to trigger an RA procedure, the network could detect loss of connection. When the eNB sends a PDCCH order, duration at least equal to the sum of T310 and T311 should be waited before releasing the UE context, since the eNB should expect a re-establishment procedure during this time. Therefore, T311 expiry should also lead to NAS recovery (i.e., forced TAU).
Proposal 1:
The UE RRC shall indicate RRC connection failure to the NAS upon the five cases listed in the bullet points above, so that the NAS recovery (i.e., forced TAU) can be initiated by the NAS.

2.2
Need for on/ off control

In the LS received from CT1 [2], CT1 suggested the need for an on/ off control mechanism for this NAS recovery solution, in order to mitigate the TAU “spike” problem (i.e., when a train load of RRC_CONNECTED UEs initiate TAU at once when the train comes out of a tunnel). Two solutions can be considered, for example:
Alt.1:
A NAS timer is used. That is, when the NAS detects failure indication from RRC, a NAS timer can be started. When the UE finds a suitable cell, the UE RRC informs the TAI of the cell to the NAS. If this TAI indication comes before the NAS timer expires, the forced TAU is performed. Otherwise, the forced TAU is not performed (note that TAU is still performed if the UE has not been registered to the TA).

Alt.2:
A Boolean indication is provided by system information. Only if the Boolean indicates TRUE in the selected cell’s system information, the UE performs forced TAU.

Nevertheless, we think such an on/ off control is not needed, as per the following observations:

· If the UE finds a suitable cell before T311 expiry, the UE would initiate an RRC re-establishment procedure. As such, a similar signalling traffic “spike” in the AS will anyway exist. A network should be designed to tolerate such traffic load.
· In case a train crosses a cell border, a similar signalling traffic “spike” in the AS will exist due to handover. If the handover was over the S1 interface, this would cause a signalling traffic spike in the MME as well. A network should be designed to tolerate such traffic load.
· Since the above two cases are thought to be much more frequent (especially the handover scenario) than the NAS recovery scenario, the network should be able to tolerate the traffic load caused by the NAS recovery.

· If the NAS recovery yet causes a considerable signalling load, the network could apply the TAU barring (access class barring) mechanism.

Hence, the existing mechanisms would be sufficient to manage the traffic load caused by the NAS recovery.

Proposal 2:
No additional on/ off control mechanism is necessary to suppress signalling traffic caused by the NAS recovery procedure.

2.3
RRC connection release cause
To capture Proposal 1 in TS 36.331, the release cause needs to be indicated to the NAS upon leaving RRC_CONNECTED in section 5.3.12. Currently [3], only when the release of RRC connection was triggered due to reception of RRCConnectionRelease with the IE releaseCause set to ‘loadBalancingTAURequired’, the release cause (of ‘load balancing TAU required’) is indicated to the NAS. For all other cases, no cause is indicated. However, it is thought that the release cause, to be indicated to the NAS upon leaving RRC_CONNECTED, needs to be defined for all cases, so that the NAS could take the necessary actions for each case.
Table 2 summarises all cases that lead to leaving RRC_CONNECTED, as currently specified in [3], with proposed RRC connection release cause values to be indicated to the NAS. Since the RRCConnectionRelease message with ‘loadBalancingTAURequired’ can be used when the eNB wants to force a TAU for what ever reason, e.g., when the eNB is in doubt of the UE’s presence in cell, it is proposed that this cause value is changed to ‘forcedTAU’.
Table 2  Proposed release cause indication to NAS when leaving RRC_CONNECTED.

	Procedure that has lead to transition to RRC_IDLE
	Reference
	Proposed release cause indicated to NAS

	Reception of RRCConnectionRelease with IE releaseCause set to ‘other’
	5.3.8.3
	Normal release

	Reception of RRCConnectionRelease with IE releaseCause set to ‘loadBalancingTAURequired’
	5.3.8.3
	Forced TAU

	Reception of RRCConnectionReestablishmentReject
	5.3.7.9
	RRC connection failure

	Selected cell, to which RRC re-establishment is being performed, becomes no longer suitable
	5.3.7.8
	RRC connection failure

	T301 expiry
	5.3.7.8
	RRC connection failure

	T311 expiry
	5.3.7.7
	RRC connection failure

	UE has selected a cell from another RAT during T311
	5.3.7.3
	RRC connection failure

	Successful completion of mobility from E-UTRA
	5.4.3.4
	Mobility from E-UTRA


Proposal 3:
For all cases that lead to leaving RRC_CONNECTED, an RRC connection release cause value, to be indicated to the NAS, shall be defined. The cause values proposed in Table 2 shall be adopted.

Proposal 4:
The cause value ‘loadBalancingTAURequired’ shall be renamed to ‘forcedTAU’ within the IE releaseCause included in the RRCConnectionRelease message.

2.4
T311 value range
Currently [3], the value range for T311 is defined as {1, 3, 5, 10} seconds, with four spare values. If the NAS recovery solution is adopted, it would be sensible to have longer T311 values as well. A longer T311 value would allow RRC re-establishment procedure to succeed more widely (subject to UE context availability in the network side), for example, when the UE enters a tunnel or an elevator.

Without NAS recovery, keeping a short T311 value was sensible in reducing the DL resuming delay. That is, in a sensible network implementation, the network should wait for potential re-establishment initiation by the UE during a time at least equal to T311, after the eNB has sent a PDCCH order following DL data arrival. Only after detecting no response from the UE during this time, the network could release the S1 connection and switch to paging. As such, a shorter T311 would allow faster DL resuming, in case the UE was already camping on a suitable cell after RRC connection failure. On the other hand, a shorter T311 would cause more frequent RRC connection failures, and in case UL data are pending, this would cause more frequent NAS signalling.

With NAS recovery, in case the UE has faded away from RRC_CONNECTED, the UE would initiate a NAS procedure as soon as a suitable cell is found after RRC connection failure. Hence, even if a longer T311 is used, the DL resuming case will be quickly recovered by the NAS procedure. Then, a longer T311 would be beneficial since connection recovery can be handled more by the RRC and unnecessary RRC connection failures due to e.g., entering a tunnel or an elevator, can be reduced. Moreover, a longer T311 would prevent NAS signalling in case UL data are pending.
Proposal 5:
The T311 value range should be extended to {1, 3, 5, 10, 15, 20, 30} seconds, with one spare value.

3. Conclusions
The followings were proposed:
Proposal 1:
The UE RRC shall indicate RRC connection failure to the NAS, when one of the followings occurs, so that the NAS recovery procedure (i.e., forced TAU) can be initiated by the NAS.

· when an RRCConnectionReestablishmentReject is received upon RRC re-establishment,

· when the selected cell, to which RRC re-establishment is being performed, becomes no longer suitable,

· when T301 has expired,

· when T311 has expired, or

· when the UE has selected a cell from another RAT during T311.

Proposal 2:
No additional on/ off control mechanism is necessary to suppress signalling traffic caused by the NAS recovery procedure.

Proposal 3:
For all cases that lead to leaving RRC_CONNECTED, an RRC connection release cause value, to be indicated to the NAS, shall be defined. The cause values proposed in Table 2 shall be adopted.

Proposal 4:
The cause value ‘loadBalancingTAURequired’ shall be renamed to ‘forcedTAU’ within the IE releaseCause included in the RRCConnectionRelease message.

Proposal 5:
The T311 value range should be extended to {1, 3, 5, 10, 15, 20, 30} seconds, with one spare value.

A text proposal to TS 36.331, based on the version provided in [3], is provided below.
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Text proposal
Beginning of text proposal
5.3.7.3
Actions following cell selection while T311 is running

Upon selecting an E-UTRA cell, the UE shall:

1>
stop timer T311;

1>
start timer T301;

1>
initiate transmission of the RRCConnectionReestablishmentRequest message in accordance with 5.3.7.4;

NOTE:
This procedure applies also if the UE returns to the source cell

Upon selecting an inter-RAT cell, the UE shall:

1>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause ‘RRC connection failure’.

Next modified section
5.3.7.7
T311 expiry

Upon T311 expiry, the UE shall:

1>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause ‘RRC connection failure’.


5.3.7.8
Expiry of T301 or selected cell no longer suitable

The UE shall:

1>
if timer T301 expires; or

1>
if the selected cell becomes no longer suitable according to the cell selection criteria as specified in TS 36.304 [4], the UE shall:

2>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause ‘RRC connection failure’.


5.3.7.9
Reception of RRCConnectionReestablishmentReject by the UE

Upon receiving the RRCConnectionReestablishmentReject message, the UE shall:

1>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause ‘RRC connection failure’.


Next modified section
5.3.8.3
Reception of the RRCConnectionRelease by the UE

The UE shall:

1>
delay the following actions defined in this sub-clause 60ms from the moment the RRCConnectionRelease message was received or optionally when lower layers indicate that the receipt of the  RRCConnectionRelease message has been successfully acknowledged, whichever is earlier;

1>
if the RRCConnectionRelease message includes the idleModeMobilityControlInfo:

2>
store the idleModeMobilityControlInfo
2>
If the t320 is included:

3>
start timer T320, with the timer value set according to the value of t320;

1>
else:

2>
use the idle mobility parameters broadcast in the system information;

1>
if the IE releaseCause received in the RRCConnectionRelease message indicates ‘forced TAU’:

2>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause ‘forced TAU’.

1>
else:
2>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause ‘normal release’.

Next modified section
5.3.12
UE actions upon leaving RRC_CONNECTED

Upon leaving RRC_CONNECTED state, the UE shall:

1>
reset MAC and re-establish RLC for all RBs that are established;

1>
stop all timers that are running except T320;
1>
release all radio resources, including release of the RLC entity and the associated PDCP entity for all established RBs;


1>
else:

2>
indicate the release of the RRC connection to upper layers together with the release cause;

1>
if the release cause was other than ‘mobility from E-UTRA’:
2>
enter RRC_IDLE by performing cell selection in accordance with the cell selection process, defined for the case of leaving RRC_CONNECTED, as specified in TS 36.304 [4].

Next modified section
5.4.3.4
Successful completion of the mobility from E-UTRA

Upon successfully completing the handover or the cell change order, the UE shall:

1>
perform the actions applicable upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause ‘mobility from E-UTRA’.

1>
stop timer T304, if running.

Next modified section
–
ReleaseCause
The IE ReleaseCause is used to indicate the reason for releasing the RRC Connection.

ReleaseCause information element
-- ASN1START

ReleaseCause ::=



ENUMERATED {forcedTAU, 












other, spare2, spare1 }

-- ASN1STOP

	RRC-ReleaseCause field descriptions

	RRC-ReleaseCause

This IE indicates the reason for releasing the RRC connection to the UE so it can act if needed.


End of text proposal
–
UE-TimersAndConstants
The IE UE-TimersAndConstants contains timers and constants used by the UE in either RRC_CONNECTED or RRC_IDLE.

UE-TimersAndConstants information element
-- ASN1START

UE-TimersAndConstants ::=


SEQUENCE {


t300







ENUMERATED {












ms100, ms200, ms400, ms600, ms1000, ms1500,












ms2000, spare1}, 


t301







ENUMERATED {












ms100, ms200, ms400, ms600, ms1000, ms1500,












ms2000, spare1},



-- FFS, see eNote below


t310







ENUMERATED {












ms0, ms50, ms100, ms200, ms500, ms1000, ms2000,












spare1},

t311







ENUMERATED {












ms1000, ms3000, ms5000, ms10000, ms15000,












ms20000, ms30000, spare1},

...

}

-- ASN1STOP

Editor's note:
It is FFS if t-301 is signalled separately or e.g. always uses the same value as t300.

Editor's note:
The value range of t310 may be revisited when DRX impacts on physical layer problem monitoring are known.

	UE-TimersAndConstants field descriptions

	t3xy

Timers are described in section 7.3. 0ms corresponds with 0 ms, 50ms corresponds with 50 ms and so on


End of text proposal
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