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Discussion and decision
1.  Introduction
RLF detection mechanism has long been FFS. This paper proposes RLF detection mechanism in RRC, including the case of DRX.
2. Discussion
2.1
Current status

Regarding RLF detection, RAN2 received an LS [1] from RAN4 with an attachment [2] capturing working assumptions in RAN4. Although RAN4 indicates the assumptions are subject to change, from [1] and [2], the followings can be observed:
· When the UE is in non-DRX or the DRX cycle is 40 ms or less, the UE L1 will indicate out-of-sync to RRC, based on the recent 200 ms (FFS) measurements on the received reference signals.
· Similarly, when the UE is in non-DRX or the DRX cycle is 40 ms or less, the UE L1 will indicate in-sync to RRC, based on the recent 100 ms (FFS) measurements on the received reference signals.
· When the UE is in DRX with a cycle larger than 40 ms, the UE L1 will indicate out-of-sync or in-sync to RRC, based on the measurements on the received reference signals over the recent period that depends on the DRX cycle value.
· The requirements for out-of-sync and in-sync evaluations will be captured in TS 36.133.
· An L3 filtering, i.e., a timer or counter, should be applied to out-of-sync (and in-sync, FFS) indications;

The current status in RAN2 is:

· When “physical layer problem” is detected, a timer T310 is triggered, and when T310 expires, an RLF is detected.
· Whether a counter should be used instead of a timer T310 is FFS.

· The detailed definition of the “physical layer problem” is yet FFS, i.e., whether a counter should be applied to the out-of-sync indications from L1 in detecting “physical layer problem”.
· When “radio link recovery” is detected during T310, the timer T310 is stopped and the UE continues as if nothing happened.

· The detailed definition of the “radio link recovery” is yet FFS, i.e., whether a counter or timer should be applied to the in-sync indications from L1 in detecting “radio link recovery”.

This is shown in Fig.1.
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Fig.1  RLF detection.
2.2
Open issues
The open issues related to RAN2 can be summarised as:
Q1:
Whether a counter should be used instead of a timer T310?

Q2:
Whether a counter is necessary to detect “physical layer problem”?
Q3:
Whether a counter or timer is necessary to detect “radio link recovery”?

Q4:
How to handle L3 filtering (timers/ counters) in DRX?

2.3
Proposals
For each open issue listed in 2.2, our proposals are presented below.

Q1:
Whether a counter should be used instead of a timer T310?

For the following reasons, we propose to keep the use of a timer T310 (Proposal 1).
· Use of a counter strongly depends on how RAN4 decides on out-of-sync/ in-sync indications.

· Use of a counter would likely necessitate separate counters per DRX status.
· RAN2 already has defined a timer T310.

Q2:
Whether a counter is necessary to detect “physical layer problem”?
For the following reasons, we propose not to apply any counter in detecting “physical layer problem”, that is, T310 shall be started as soon as an out-of-sync is indicated by the L1 (Proposal 2).
· Use of a counter is redundant to having T310.

Q3:
Whether a counter or timer is necessary to detect “radio link recovery”?

For the following reasons, we propose to define use of a timer T3xx in detecting “radio link recovery”, that is, T3xx shall be started when an in-sync is indicated by the L1 during T310 (Proposal 3a).
Furthermore, regarding the use of T3xx, the followings are proposed:

· T3xx shall be stopped when an out-of-sync is indicated by the L1 (Proposal 3b).

· At T3xx expiry, T310 shall be stopped and radio link recovery shall be detected, i.e., normal link operations shall be resumed as if nothing happened (Proposal 3c).
Q4:
How to handle L3 filtering (timers/ counters) in DRX?

To keep the RRC simple, we propose to apply the same mechanism (use of timers T310 and T3xx), as proposed above, to also DRX cases (Proposal 4a).
In an LS received in [3], RAN4 has indicated that they have made a decision that if time-to-trigger has expired during DRX for an event triggered measurement reporting event, the actual measurement report is triggered only after evaluating whether the triggering condition is still met at the subsequent on-duration after the time-to-trigger expiry. It is thought that the same principle can be applied to RLF detection. That is, if T310 has expired during DRX, RLF shall be detected after evaluating out-of-sync/ in-sync at the next on-duration after T310 has expired. In other words, evaluation of T310 expiry shall be performed only when out-of-sync is indicated from lower layers (Proposal 4b). Similarly, if T3xx has expired during DRX, T310 shall be stopped after evaluating out-of-sync/ in-sync at the next on-duration after T3xx has expired. In other words, evaluation of T3xx expiry shall be performed only when in-sync is indicated from lower layers (Proposal 4c).
An example is shown in Fig.2.
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Fig.2  RLF detection during DRX.
However, whether a separate set of timer values {T310, T3xx} is necessary per non-DRX, short-DRX and long-DRX is FFS. Since making a decision to apply the same timer values is risky, use of separate timer values per DRX status can be considered. However, this will raise an issue how to handle transitions between non-DRX, short-DRX and long-DRX. This needs to be carefully considered especially if the inactivity time is set to a small value (i.e., a value less than the RLF timers).
3. Conclusions
The proposals are summarised below.
Proposal 1:
T310 shall be kept (instead of changing this to a counter).

Proposal 2:
No counter shall be applied in detecting “physical layer problem”, that is, T310 shall be started as soon as an out-of-sync is indicated by the L1.

Proposal 3a:
A timer T3xx shall be used in detecting “radio link recovery”, that is, T3xx shall be started when an in-sync is indicated by the L1 during T310.

Proposal 3b:
T3xx shall be stopped when an out-of-sync is indicated by the L1.

Proposal 3c:
At T3xx expiry, T310 shall be stopped and radio link recovery shall be detected, i.e., normal link operations shall be resumed as if nothing happened.

Proposal 4a:
The same mechanism (use of timers T310 and T3xx) as proposed above shall apply also to DRX cases.
Proposal 4b:
Evaluation of T310 expiry shall be performed only when out-of-sync is indicated from lower layers.
Proposal 4c:
Evaluation of T3xx expiry shall be performed only when in-sync is indicated from lower layers.
Whether a separate set of timer values {T310, T3xx} is necessary per non-DRX, short-DRX and long-DRX should be discussed in RAN2, and if possible, a decision should be made during the RAN2 #64 meeting.
A text proposal to TS 36.331 is provided below. Should any update be necessary as a result of discussion, DOCOMO will be happy to provide an updated text proposal.
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Text proposal
Beginning of text proposal
5.3.11
Radio link failure related actions

5.3.11.1
Initiation

The UE shall:

1>
while T300, T301, T304 or T311 is running:

2>
do not act upon out-of-sync, in-sync nor random access problem indications provided by lower layers;
1>
if out-of-sync is indicated from lower layers:

2>
perform actions as specified in 5.3.11.2;

1>
if in-sync is indicated from lower layers:

2>
perform actions as specified in 5.3.11.3;

1>
if the MAC indicates random access problem has occurred, or if the RLC indicates that the maximum number of retransmissions has been reached:
2>
detect radio link failure, and perform actions as specified in 5.3.11.4.





5.3.11.2
Out-of-sync indication from lower layers
Upon detecting an out-of-sync indication from lower layers, the UE shall:

1>
if timer T310 has expired:
2>
stop timer T3xx, if running;
2>
detect radio link failure, and perform actions as specified in 5.3.11.4;
NOTE
Evaluation of T310 expiry shall be performed only when lower layers indicate out-of-sync.
1>
else if timer T310 is running:

2>
stop and reset T3xx, if running;
1>
else:

2>
start timer T310.



5.3.11.3
In-sync indication from lower layers
Upon detecting an in-sync indication from lower layers, the UE shall:

1>
if timer T3xx has expired:

2>
stop timer T310;
2>
detect radio link recovery;
NOTE1
Evaluation of T3xx expiry shall be performed only when lower layers indicate in-sync.
NOTE2
If radio link recovery is detected, the UE resumes the RRC connection without explicit signalling, i.e., the UE resumes the entire radio resource configuration.
1>
else if T310 is running and T3xx is not running:
2>
start T3xx.

5.3.11.4
Radio link failure detection
Upon detecting radio link failure, the UE shall:

1>
if security has not been activated:

2>
perform the actions upon moving from RRC_CONNECTED to RRC_IDLE as specified in 5.3.12;

1>
else:

2>
initiate the connection re-establishment procedure as specified in 5.3.7.

Next modified section
–
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,












spare},

t311







ENUMERATED {












ms1000, ms3000, ms5000, ms10000, spare4,












spare3, spare2, spare1},

t3xx







ENUMERATED {











ms0},






-- other values FFS

...

}

-- 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


Next modified section
7.3
Timers

	Timer
	Start
	Stop
	At expiry

	T300

	Transmission of RRCConnectionRequest 
	Reception of RRCConnectionSetup or RRCConnectionReject message, cell re-selection and upon abortion of connection establishment by upper layers
	Go to RRC_IDLE

	T301
	Transmission of RRCConnectionReestabilshmentRequest
	Reception of RRCConnectionReestablishment or RRCConnectionReestablishmentReject message as well as when the selected cell becomes unsuitable
	Go to RRC_IDLE

	T302
	Reception of RRCConnectionReject while performing RRC connection establishment
	Upon entering RRC_CONNECTED and upon cell re-selection
	Inform upper layers about barring alleviation as specified in 5.3.3.7

	T303
	Access barred while performing RRC connection establishment for mobile originating calls
	Upon entering RRC_CONNECTED and upon 

cell re-selection
	Inform upper layers about barring alleviation as specified in 5.3.3.7

	T304
	Reception of RRCConnectionReconfiguration message including the MobilityControl Information or

reception of MobilityFromEUTRACommand message
	Criterion for successful completion of handover or cell change order is met (the criterion is specified in the target RAT in case of inter-RAT)
	Initiate the RRC connection re-establishment procedure

	T305
	Access barred while performing RRC connection establishment for mobile originating signalling
	Upon entering RRC_CONNECTED and upon cell re-selection 
	Inform upper layers about barring alleviation as specified in 5.3.3.7

	T310
	Upon out-of-sync indication from lower layers
	Upon T3xx expiry, upon triggering the handover procedure and upon initiating the connection re-establishment procedure
	If security is not activated enter RRC_IDLE, else initiate the connection re-establishment procedure

	T311
	Upon initiating the RRC connection re-establishment procedure
	Selection of an E-UTRA cell or a cell using another RAT.
	Enter RRC_IDLE

	T3xx
	Upon in-sync indication from lower layers, when T310 is not running
	Upon out-of-sync indication from lower layers
	Stop T310 and detect radio link recovery

	T320
	Upon receiving IE t320
	Upon entering RRC_CONNECTED
	Discard the cell reselection priority information provided by dedicated signalling.

	T321
	Upon receiving IE measurementConfiguration including a reportConfig including reportCGI set to ‘TRUE’
	Upon receiving IE measurementConfiguration that includes removal of the reportConfig including reportCGI set to ‘TRUE’
	Stop performing the related measurements


End of text proposal
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