3GPP TSG-RAN WG2 Meeting #68bis
R2-101283
San Francico, U.S.A.,22nd – 26th February 2010
Agenda item:
7.1.4
Source:
Nokia Corporation, Nokia Siemens Networks

Title:
Radio link failure open issues

Document for:
Discussion and Decision

1
Introduction

At WG2#67bis it was possible to agree some principles of radio link failure detection and some triggers for triggering RRC re-establishment. This Tdoc attempts to identify the remaining open issues as a basis for discussion.
2
Discussion
At WG2#67bis, it was possible to agree some principles relating to the detection of radio link failure and when to trigger RRC re-establishment. The agreements as captured in the minutes are the following:-
1. Problem detection on one CC does not necessarily imply re-establishment triggering.

2. Re-establishment is triggered if all PDCCH CCs fail. FFS if re-establishment is even triggered under more restrictive conditions (e.g. in case of problems on an even smaller subset of CCs).

3. Re-establishment is triggered when we lose all UL communications.

4. RLC layer re-establishment triggering remains the same as Rel-8.

These decisions do not, however, complete the specification of radio link failure and there remain a number of open issues which, it is hoped, are identified here.
2.2 Primary carrier only based radio link failure

At WG2#68bis, the concept of a primary carrier was discussed [2] and the topic will be revisited this meeting. If it is agreed to have a primary carrier, then RAN2 could consider whether to base the RLF monitoring and re-establishment decision process in the downlink on the primary carrier only. This could simplify implementation, reduce standardisation effort and allow re-use of Rel-8 procedures. 

Simplification that is possible in the downlink could extend to the following:-

-
 In synch/ out of synch is monitored only for the primary carrier. DL CC failure is detected as in Rel-8 using the T310/N310/N311 procedures. Primary DL CC failure triggers re-establishment.
-
Failure of other DL CCs is detected by the eNB based on configured measurement reports or failure to respond to grants, it is not based on DL CC failure detection by the UE.

Because of the simplification of the RLF procedures that can result, it is proposed that RAN2 should first decide on this open point:-

P1:
Downlink RLF failure is based on in synch/ out of synch monitoring of the primary DL CC only. Procedures for detecting RLF would be the same as those adopted for Rel-8
The uplink case is somewhat different, because RLF detection for the uplink does not depend on active monitoring but rather on the detection of failure following specific events i.e. RACH failure and this is covered by section 2.3.
2.3 Radio link failure in the downlink based on multiple DL CCs
If P1 is not agreed, agreement 2 from RAN2#67bis appears to imply that a UE that supports carrier aggregation should monitor each activated DL CC, or at least those DL CCs from which it receives PDCCH, for ‘loss of sync’, however, no agreement of this was recorded, therefore the following is identified as an open point:-

P2:
Does a UE that supports carrier aggregation monitor for loss of synch (in-synch, out of synch), using  Rel-8 principles on:-

2a.
all activated DL CCs.

2b.
all activated DL CCs on which it is configured to receive PDCCH. 

It is assumed that a UE will not be required to monitor for loss of synch on DL CCs which are configured but not activated.

In Rel-8 [1], RRC detects failure of the DL CC, and triggers re-establishment, if timer T310 expires. Timer T310 is started if N310 consecutive ‘out of sync’ reports are received from the lower layer and is stopped if N311 consecutive ‘in sync’ reports are received from the lower layer. It could be viewed that a similar mechanism could be applied to detect when each monitored DL CC has failed in carrier aggregation.  Therefore the following is identified as open:-
P3:
Is a procedure similar to the Rel-8 T310/ N310/N311 procedure applied independently to each monitored DL CC in order to detect DL CC failure.

It has been agreed that detecting the failure of a DL CC need not necessarily imply re-establishment triggering. If a UE detects failure of a DL CC but the re-establishment criteria are not met then the question of what action the UE should take exists. The following are identified as possible UE behaviours:-

· The UE could stop trying to detect PDCCH on the CC or receive DLSCH and PHICH. 

· The UE could continue to monitor for ‘in sync’ conditions e.g. N311 consecutive ‘in sync’ reports and recommence reception of PDCCH/ DLSCH/PHICH if a ‘re-activation criteria’ is fulfilled. Alternatively, the UE could remove the DL CC from its CC set and stop monitoring at the PHY level for in/ out of sync.
· The UE could inform the eNB that a DL CC had failed by RRC signalling enabling the eNB to reconfigure the UE to remove the DL CC and any associated (paired) UL CC. If the primary or ‘special cell’ CCs have failed it may initiate a handover.

It is proposed that the topic of UE behaviour following DL CC failure should be discussed and the following is identified as open:-

P4:
Following detection of failure for a DL CC which does not trigger re-establishment, does the UE continue to monitor the failed CC and restore receiving PDCCH/DLSCH/PHICH if certain ‘in sync’ criteria are fulfilled, or does it remove the DL CC and any paired UL CC from its CC sets until they are re-assigned by the eNB.

And also whether:-

P5:
On detecting DL CC failure, which does not trigger re-establishment, does the UE inform the eNB of the failure. Furthermore, is such reporting mandatory or is it configurable by the eNB. 

2.3 Radio link failure in the uplink

It has already been decided that RLC failure, i.e. at least one RLC AM mode entity detects maximum PDU retransmission, shall trigger re-establishment as in Rel-8. It has also been decided that re-establishment should be triggered if the UE loses all uplink communications.
For UL communications to have failed it is suggested that the following should exist:-

· The UE has no uplink grant available for PUSCH on any UL CC configured for the UE and no SPS grant is pending. 
· The UE has no PUCCH resources for SR configured. If they had been assigned and Rel-8/9 release rules are applied then the SR_COUNTER must have equalled the value, dsr-TransMax, or the timeAlignmentTimer associated with the UL CC supporting SR has expired.  
· If RACH has failed. The use case assumed here is RACH triggered by MAC i.e. to send a BSR. 
The remaining open issue with regard to RLF is RACH failure. 

If a UE configured for carrier aggregation has been configured with only one RACH, then it could be viewed that a logical extension of Rel-8 behaviour would be that RACH failure occurs and RLF is triggered if Rel-8 RACH failure conditions are met i.e. the UE has unsuccessfully transmitted preambleTransMax signatures.
If a UE is configured with more than one RACH (either on different UL CCs or on one UL CC by partitioning), the rules for deciding when RLF occurs are undecided. The alternatives appear to be whether RLF, occurs after the first RACH that it has used fails or only after failure of all RACHs used once in succession. Other criteria such as ‘n’ consecutive RACH failures are not considered here. It could also be viewed as open whether the term ‘all RACH’ refers to all configured RACH or all RACH for which the associated DL CC is active. It is assumed that failure of an individual RACH would be indicated if the Rel-8 failure condition is met. 
Although testing all available RACH in succession could introduce delay in detecting RLF, the number of RACH is likely to be small; RACH failure could occur just because of RACH loading, and it is probably preferable to avoid RLF if possible.  

The following is identified as open:-
P6:
If a UE configured for carrier aggregation and RACH is triggered by MAC:-

a.
Failure of an individual RACH is indicated as in Rel-8 i.e. the UE has unsuccessfully transmitted preambleTransMax signatures.

b.
If the UE has multiple RACH configured, RLF is triggered only after all RACHs have failed after being used once in succession or after only one RACH has been used.

c.
If ‘all RACHs’ refers to all configured RACHs or all RACHs for which the associated DL CC is active.  
The UE can also suffer RACH failure when the RACH is used for PDCCH order initiated by eNB. If the PDCCH order uses a dedicated signature rather than contention signatures, the likelihood of failure could be judged to be small. In Rel-8, where the UE has only one RACH, failure triggers RLF and re-establishment.  In the case of carrier aggregation the UE may have multiple RACHs and may also have RACHs associated with different timing advance regimes. In these circumstances UE behaviour could be viewed as open. 
If all CCs have the same timing advance, then possibly Rel-8 behaviour should apply even if the UE has multiple RACH available i.e. RLF is triggered if a RACH for PDCCH order fails. If the UE is configured with multiple timing advance groups, then it could be questioned whether failure of PDCCH order for one timing advance group should indicate RLF and trigger re-establishment even though only one timing advance group is affected.
P7:
If RACH is initiated by PDCCH order:-

a.
If the UE has only one timing advance group does RACH failure, according to Rel-8 criteria, initiate RLF as in Rel-8. 

b.
If the UE is configured with multiple timing advance groups, does failure of the RACH according to Rel-8 criteria initiate RLF.

3

Conclusion

This Tdoc has identified a number of issues that should be considered by RAN2 in order to progress the topic of radio link failure when carrier aggregation is used. They are:-
P1:
Downlink RLF failure is based on in synch/ out of synch monitoring of the primary DL CC only. Procedures for detecting RLF would be the same as those adopted for Rel-8

P2:
 Does a UE that supports carrier aggregation monitors for loss of synch (in-synch, out of synch), using Rel-8 principles:-

1a.
all activated DL CCs.

1b.
all activated DL CCs on which it is configured to receive PDCCH. 

P3:
Is a procedure similar to the Rel-8 T310/ N310/N311 based procedure is applied independently to each monitored DL CC in order to detect DL CC failure.

P4:
Following detection of failure for a DL CC which does not trigger re-establishment, does the UE continue to monitor the failed CC and restore receiving PDCCH/DLSCH/PHICH if certain ‘in sync’ criteria are fulfilled, or does it remove the DL CC and any paired UL CC from its CC sets until they are re-assigned by the eNB.

P5:
On detecting DL CC failure, which does not trigger re-establishment, does the UE inform the eNB of the failure. Furthermore, is such reporting mandatory or is it configurable by the eNB.

P6:
If a UE configured for carrier aggregation and RACH is triggered by MAC:-

a.
Failure of an individual RACH is indicated as in Rel-8 i.e. the UE has unsuccessfully transmitted preambleTransMax signatures.

b.
If the UE has multiple RACH configured, RLF is triggered only after all RACHs have failed after being used once in succession, or after only one RACH has been used.

c.
If ‘all RACHs’ refers to all configured RACHs or all RACHs for which the associated DL CC is active.  

P7:
If RACH is initiated by PDCCH order:-

a.
If the UE has only one timing advance group does RACH failure, according to Rel-8 criteria, initiate RLF as in Rel-8. 

b.
If the UE is configured with multiple timing advance groups, does RACH failure, according to Rel-8 criteria, initiate RLF.
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