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Discussion and decision
1 Introduction

In the last RAN 2 meeting, the radio link failure was briefly discussed and the following agreements [1] were made:
· RAN2 assumes that there is at least one RLF criterion

· It is FFS if NB-IOT device performs radio link monitoring on the DL to trigger RLF.
In this contribution, the existing criterion that should be included for radio link failure triggering in NB-IOT and the corresponding detection and recovery procedure are discussed.

2 Discussion

2.1 Radio link failure criteria for NB-IOT
In Rel-8 LTE, the radio link failure is considered detected when one or more of the following criteria are satisfied:

· Expiry of T310.
· Random Access failure indicated by the MAC.
· Maximum number of RLC retransmissions has been reached.
One of the reasons for triggering radio link failure is to stop autonomous UL transmissions such as DSR, periodic CSI and periodic UL SRS. Such autonomous UL transmissions may not be present in NB-IOT as the objective of NB-IOT is to reduce complexity, signalling overhead and UE power consumption. Triggering radio link failure for this reason may thus be not valid for NB-IOT. 
Another reason for triggering radio link failure is to allow the UE to come out of the out-of-service state and to bring the UE back into in-service state (i.e. reachable by the network) via informing the network (e.g. via RRC Connection Re-establishment). For example, the eNB sends the RRC Connection Release to the UE but due to the channel condition, it is not received by the UE. Without such radio link failure detection and the subsequent reporting to the network, there may be a mismatch between network and UE. Such mismatch will result in the UE not being reachable (UE is still in connected mode while the network thinks the UE is idle mode). Another example, the eNB may be sending DL data but the UE is out-of-service (i.e. DL channel quality is bad due to mobility), there is a need for the UE to come out of this state and inform the network (e.g. via NAS recovery or RRC Connection Re-establishment)
Since the handover procedure and corresponding measurement event reporting are not supported, connected mode mobility can be substituted with the use of radio link failure triggering and the subsequent RRC connection re-establishment or NAS recovery.

Observation 1: There is no need for RLF triggering to stop autonomous UL transmissions (i.e. DSR, periodic UL SRS, periodic CSI) since these transmission may not be supported by NB-IOT

Observation 2: RLF triggering allows the UE to come out of the out-of-service state.
Observation 3: RLF triggering and the subsequent RRC connection re-establishment or NAS recovery can be used as a substitution for connected mode mobility.
Based on Observations 2 and 3, RAN 2 should support RLF triggering.

In the following we discuss the need of each of these radio link failure criteria based on Observations 2 and 3.  

2.1.1 Expiry of T310
This T310 timer is associated with the radio link monitoring of the PCell. Radio link monitoring involves determining whether the radio link is in-sync or out-of-sync. The radio link is considered out-of-sync if it is worse than Qout and considered failed if it occurs for a consecutive time period determined by N310. This will trigger the start of the T310 and if the radio link did not recover at the expiry of this time (i.e. a radio link is considered recovered if it is better than Qin for a consecutive time period determined by N311), the radio link is considered as failed. The Qin is set such that the DL quality is equivalent to BLER of the hypothetical PDCCH transmissions of 2% while Qout is set such that the BLER of the hypothetical PDCCH transmissions of 10%, both taking into account the PCFICH errors.
This is particularly useful as triggering conditions to detect that the UE is out-of-service (as in Observation 2) and that the UE may have moved out of the cell and requires to perform cell selection (as in Observation 3). Hence, it is proposed that:
Proposal 1. Radio link monitoring and the associated radio link failure criterion (i.e. T310 expiry) should be supported by NB-IOT UEs (i.e. legacy behaviour), assuming RAN 1 provides the means of measuring the DL quality.
Proposal 2. If Proposal 1 is agreed, the physical channel problem detection mechanism (i.e. N310, T310 and N311) as described in RRC (TS36.331) can also be reused for NB-IOT (i.e. legacy behaviour).

In the case of UE operating in coverage enhanced mode, RAN 1 has yet to discuss how the physical layer design would be for NB-IOT. In the case of eMTC, the UE will be configured with different sets of time repetitions and the aggregation level (number of PRBs) for the MPDCCH based on UE coverage conditions, and the radio link monitoring takes this into account when triggering RLF (understanding that one of those sets should target the maximum setting that the UE might require). For NB-IOT UE, similar behavioral assumptions can be applied except that there is only 1 PRB (if more than 1 PRB is required, the transport block is split in multiple subframes) and will have to depend only on repetitions in time to overcome the coverage level for the NB-PDCCH. The DL quality used by radio link monitoring can be equivalent to the BLER of hypothetical PDCCH transmissions based on the configured maximum repetitions in time. The repetition in time can be based on the coverage level determined by the PRACH during initial access, configured by the eNB via broadcast (e.g. set of repetition values for different coverage level measured by the UE) or dedicated signalling (e.g. based on PRACH by the eNB but sent via e.g. RRC Connection Setup or RRC Connection Reconfiguration). 
Proposal 3. For UEs supporting coverage enhanced mode, radio link monitoring takes into account the highest NB-PDCCH repetition value configured to be used by the UE. 
Proposal 4. The NB-PDCCH repetition value can be determined by the PRACH during initial access, configured by the NB-IOT RAT via broadcast (e.g. set of repetition values for different coverage level) or dedicated signalling (e.g. repetition values are determined (via PRACH or other means) by the eNB but sent via e.g. RRC Connection Setup or RRC Connection Reconfiguration).
If Proposals 3 and 4 are agreed, this will align with eMTC agreement and the impact to the specification will be minimized.

2.1.2 Random Access failure indicated by the MAC

Random Access failure occurs in MAC during RRC-Connected mode when: 

· SR sent on RACH fails or maximum DSR retransmissions are reached and the subsequent RACH fails.
· RACH fails on UL TA.
It is assumed that SR mechanism will still be used in NB-IOT for requesting UL grant from the eNB. Hence, if the RACH fails (i.e. reach the maximum attempt for the measured coverage level) due to SR on RACH, it indicates to the UE that the UL or DL quality may not be good. 
For the UL timing alignment, it may be quite unlikely that the NB-IOT RAT will let the UE go UL out of sync for short transmissions in NB-IOT; however we think that there is no need to simplify the UL TA procedure just for NB-IOT (i.e. NB-IOT UE can follow the legacy behaviour). 
Again this is particularly useful as triggering conditions to detect that the UE is out-of-service (as in Observation 2) and that the UE may have moved out of the cell and required performing cell selection (as in Observation 3).  Hence it is proposed:
Proposal 5. Radio link failure criterion due to Random Access failure indication from MAC should also be supported.
Proposal 6. If Proposal 5 is agreed, there will not be any changes in legacy MAC (TS 36.321), related to SR and RACH failure, and in RRC (TS 36.331) for RLF triggering.
2.1.3 Maximum RLC retransmissions
In the last RAN 2 meeting, it was agreed that RLC AM will still be supported. Again this is used to track the UL channel quality from the UE side. Even though RLC AM is agreed to be supported, it is also agreed that the concerns on UE power consumption and complexity are to be addressed by simplifying or changing its configuration; however, we do not see any reduction in complexity or power consumption by not implementing this functionality in RLC AM entity.  Hence:
Proposal 7. Radio link failure criterion due to maximum RLC retransmissions being reached should also be supported (similar to legacy).
Proposal 8. If Proposal 7is agreed, there will not be any changes in legacy RLC (TS 36.322) related to RLC retransmission and in RRC (TS 36.331) for RLF triggering.

2.2 Recovery procedure
In LTE, once RLF is detected:

· if AS security is not activated, the UE will go into idle mode.

· Otherwise, the UE will perform RRC Connection Re-establishment procedure

By going into idle mode, the UE stops all UE timers, resets the MAC, releases all the radio resources and indicates to upper layer the release of the RRC Connection with a release cause ‘other’. Releasing the radio resources autonomously stops all UL transmissions.

By performing the RRC Connection Re-establishment procedure, the UE starts T311, uses default configuration for physical channel, SPS and MAC and performs cell selection. At T311 expiry or if UE does not select a suitable cell within T311 or RRC Connection re-establishment is rejected or T301 expiry, RRC Connection Re-establishment is considered failed and the UE will go into idle mode in the same way as if AS security is not activated but with a release cause of ‘RRC Connection Failure’. The release cause of ‘RRC Connection Failure’ will trigger the NAS recovery procedure from the UE.
2.2.1 Recovery procedure for Solution 2

If the same procedure is followed for Solution 2, the UE will go into idle mode without triggering RRC connection re-establishment or NAS recovery. If recovery is needed for the DL, it needs to at least trigger NAS recovery (it is not possible to trigger RRC Connection Re-establishment procedure as the short MAC-I cannot be generated without AS security activated). With the current TS 36.331 specification, NAS recovery will not occur if there is DL data. In the case of UL, the UE NAS can again initiate a service request if there are still UL data to send. In order for the UE to perform NAS recovery for the DL, the UE will have to initiate a TAU procedure and this will require changing the release cause value to ‘RRC Connection Failure’ for the NB-IOT case. One possible update in TS36.331 is to trigger NAS recovery:
5.3.11.3
Detection of radio link failure

The UE shall:

1>
upon T310 expiry; or

1>
upon T312 expiry; or

1>
upon random access problem indication from MCG MAC while neither T300, T301, T304 nor T311 is running; or

1>
upon indication from MCG RLC that the maximum number of retransmissions has been reached for an SRB or for an MCG or split DRB:

2>
consider radio link failure to be detected for the MCG i.e. RLF;

……

2>
if AS security has not been activated:
3>
if UE is performing small data via MME:

4> perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'RRC Connection Failure';

3> else:
4> perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';

2>
else:

3>
initiate the connection re-establishment procedure as specified in 5.3.7;

On the other hand, it may not seem necessary to perform any NAS recovery for the DL or RRC Connection Re-establishment for NB-IOT. One reason is because radio link failure may be more likely to occur when the UE is in inactivity due to the short transmission pattern of the NB-IOT traffic. Hence it will be quite expensive particularly in the coverage enhanced deployment to always perform a TAU or RRC Connection Re-establishment even when there is a possibility of no DL/UL data. Furthermore for NB-IOT, UE power saving is more important than reachability and latency (delay tolerance) compared to legacy LTE. It may thus be beneficial for the recovery to be performed from the network side. Instead of the UE reporting connection failure via RRC Connection Re-establishment or NAS recovery, the NB-IOT RAT can detect the failure via (e.g. failed HARQ Ack if there are DL traffic, inactivity timer expiry if there is no DL traffic etc. Once the failure is detected, the NB-IOT RAT can release the S1-C so that paging can again be performed by the CN. This will have no impact on the RAN 2 specifications as this will also be aligned with the current behavior when AS security is not activated.
2.2.2 Recovery procedure for Solution 18

With AS security activated, Solution 18 can follow the normal RRC Connection Re-establishment procedure. This will have no specification impact if the legacy specification is used for specifying UP Solution 18. 
However, the same question can be asked as in Section 2.2.1 whether there is a need to perform RRC Connection Re-establishment or NAS recovery for the DL since it is quite likely that radio link failure occurs most likely when UE is in inactivity due to short transmission pattern of the NB-IOT traffic. It can be left to the network or the UE upper layer to decide whether to perform further NAS recovery. Furthermore, for Solution 18, the AS context will be stored at the eNB side, thus diminishing the gain of performing RRC Connection Re-establishment since it does not have to go through the full AS and NAS signaling to establish the connection to the network. 
Proposal 9. Discuss whether there is a need to perform NAS recovery for DL traffic or RRC Connection Re-establishment for both Solution 2 and 18

Proposal 10. If it is decided that there is no need to perform NAS recovery for DL traffic or RRC Connection Re-establishment: 

Proposal 10.1. For Solution 2, there is no change required to the existing UE behaviour (i.e. UE enters idle mode with release cause ‘other’) 

Proposal 10.2. For Solution 18, the UE enters idle mode with release cause ‘other’ and it is up to the UE NAS to recover if there is any UL traffic and CN to recover if there is any DL traffic

Proposal 11. If it is decided that there is a need to perform NAS recovery for DL traffic or RRC Connection Re-establishment:
Proposal 11.1. For Solution 2, the UE enters idle mode with release cause ‘RRC Connection Failure’ to initiate the existing NAS recovery procedure.

Proposal 11.2. For Solution 18, there is no change required to the existing UE behaviour (i.e. initiate the RRC Connection Re-establishment procedure). 

If Proposal 10 is agreed, the following changes in TS36.331 are expected:

5.3.11.3
Detection of radio link failure

The UE shall:

1>
upon T310 expiry; or

1>
upon T312 expiry; or

1>
upon random access problem indication from MCG MAC while neither T300, T301, T304 nor T311 is running; or

1>
upon indication from MCG RLC that the maximum number of retransmissions has been reached for an SRB or for an MCG or split DRB:

2>
consider radio link failure to be detected for the MCG i.e. RLF;

……

2>
if AS security has not been activated or UE is performing small data via S1-U (Solution 18):

3> perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';

2>
else:

3>
initiate the connection re-establishment procedure as specified in 5.3.7;

If Proposal 11is agreed, the following changes in TS36.331 are expected:

5.3.11.3
Detection of radio link failure

The UE shall:

1>
upon T310 expiry; or

1>
upon T312 expiry; or

1>
upon random access problem indication from MCG MAC while neither T300, T301, T304 nor T311 is running; or

1>
upon indication from MCG RLC that the maximum number of retransmissions has been reached for an SRB or for an MCG or split DRB:

2>
consider radio link failure to be detected for the MCG i.e. RLF;

……

2>
if AS security has not been activated:
3>
if UE is performing small data via MME (Solution 2):

4> perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'RRC Connection Failure';

3> else:
4> perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';

2>
else:

3>
initiate the connection re-establishment procedure as specified in 5.3.7;

3 Conclusion

This contributions analyses open aspects related to paging for NB-IoT design and proposes the following:
Proposal 1.
Radio link monitoring and the associated radio link failure criterion (i.e. T310 expiry) should be supported by NB-IOT UEs (i.e. legacy behaviour), assuming RAN 1 provides the means of measuring the DL quality.
Proposal 2.
If Proposal 1 is agreed, the physical channel problem detection mechanism (i.e. N310, T310 and N311) as described in RRC (TS36.331) can also be reused for NB-IOT (i.e. legacy behaviour).
Proposal 3.
For UEs supporting coverage enhanced mode, radio link monitoring takes into account the highest NB-PDCCH repetition value configured to be used by the UE.
Proposal 4.
The NB-PDCCH repetition value can be determined by the PRACH during initial access, configured by the NB-IOT RAT via broadcast (e.g. set of repetition values for different coverage level) or dedicated signalling (e.g. repetition values are determined (via PRACH or other means) by the eNB but sent via e.g. RRC Connection Setup or RRC Connection Reconfiguration).
Proposal 5.
Radio link failure criterion due to Random Access failure indication from MAC should also be supported.
Proposal 6.
If Proposal 5 is agreed, there will not be any changes in legacy MAC (TS 36.321), related to SR and RACH failure, and in RRC (TS 36.331) for RLF triggering.
Proposal 7.
Radio link failure criterion due to maximum RLC retransmissions being reached should also be supported (similar to legacy).
Proposal 8.
If Proposal 7is agreed, there will not be any changes in legacy RLC (TS 36.322) related to RLC retransmission and in RRC (TS 36.331) for RLF triggering.
Proposal 9.
Discuss whether there is a need to perform NAS recovery for DL traffic or RRC Connection Re-establishment for both Solution 2 and 18
Proposal 10.
If it is decided that there is no need to perform NAS recovery for DL traffic or RRC Connection Re-establishment:
Proposal 10.1.
For Solution 2, there is no change required to the existing UE behaviour (i.e. UE enters idle mode with release cause ‘other’)
Proposal 10.2.
For Solution 18, the UE enters idle mode with release cause ‘other’ and it is up to the UE NAS to recover if there is any UL traffic and CN to recover if there is any DL traffic
Proposal 11.
If it is decided that there is a need to perform NAS recovery for DL traffic or RRC Connection Re-establishment:
Proposal 11.1.
For Solution 2, the UE enters idle mode with release cause ‘RRC Connection Failure’ to initiate the existing NAS recovery procedure.
Proposal 11.2.
For Solution 18, there is no change required to the existing UE behaviour (i.e. initiate the RRC Connection Re-establishment procedure).
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