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1. Introduction

This document discusses the question of monitoring multiple radio links in a multicarrier system and the appropriate definition of radio link failure.
2. Discussion

2.1. Partial radio link failures

A UE with radio resource assignments on several carriers needs to determine when to declare radio link failure, and what to do in case of a failure of some but not all of its radio links.
It seems reasonable that the UE should declare radio link failure only when it has no radio links available through which it can communicate with the serving cell; if one of several radio links fails, the UE should report the fact to the serving cell, but remain connected without the need for an active recovery procedure.

Proposal 1: A UE with radio resource assignments on multiple carriers declares radio link failure when it has received appropriate lower-layer indications for all carriers on which it is assigned to monitor PDCCH.
This unadventurous proposal actually raises some complications, in that the UE somehow has to make sure that its uplink grant to report the failure of one radio link is not sent on the same carrier that failed!  This potential problem is illustrated in Figure 2.
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Figure 1: Lost uplink grant prevents reporting partial RLF

We have identified four options for preventing this “lost grant” problem from arising:

1. Assume that the eNode B will detect the problem, e.g., based on measurement reports or on the absence of CQI reports for the affected carrier;

2. Constrain the eNB to issue uplink grants to connected-mode UEs on the (downlink portion of the) same carrier where they were requested;

3. Provide the UE with a means to request uplink grants directed towards a particular carrier;

4. Define some separate procedure by which the UE can indicate the failure of the radio link on one of its multiple carriers without the need for an uplink grant.

Some discussion of the possibilities seems worthwhile.  Although we have no very strong preference on this point, we assume that option 2 would be too general a constraint if it was useful only for this case, and option 4 seems a bit unrealistic unless a specific approach can be developed (however, Section 2.2 below suggests a possible line of investigation, though not a complete proposal).  The first “do nothing” alternative seems likely to work, but may make detection of the problem slower as compared to an explicit report.
Proposal 2: RAN2 should discuss the need for a partial-RLF report mechanism and possible approaches to ensuring delivery of the uplink grant for a report, with preference given to alternative 1 (eNode B detection) and alternative 3 (request for uplink grants towards a specific carrier).
2.2. Use of PDSCH-only carriers
In the event that the UE is configured to monitor PDSCH but not PDCCH on certain carriers (which we understand to be a realistic use case based on the RAN1 discussions), the possibility arises that the UE could lose the radio links for all its PDCCH carriers, but still have good quality on a PDSCH-only carrier.  How likely this scenario is depends on the network configuration; with extensive use of cross-carrier scheduling, one could imagine a UE configured to use a single PDCCH for data transmission across many carriers, in which case a problem on a single carrier could be enough to cause RLF (in the sense of Proposal 1 above, i.e., failure indications from lower layers on the carrier with the PDCCH).
The simplest way to handle this case is for the UE simply to consider it as a radio link failure and proceed to reestablishment.  However, it would be a fairly simple UE optimisation to begin listening to the PDCCH also on the UE’s “PDSCH-only” carriers, allowing the connection to continue.  Of course, the network would need to be aware of this behaviour so that it could address the UE on the concerned carrier.

Proposal 3: If the “PDSCH-only” recovery scenario is deemed important enough to justify some optimised recovery behaviour, RAN2 should discuss the possible approaches and agree on a way forward.
3. Conclusion
This paper presented the following proposals:
Proposal 1: A UE with radio resource assignments on multiple carriers declares radio link failure when it has received appropriate lower-layer indications for all carriers on which it is assigned to monitor PDCCH.
Proposal 2: RAN2 should discuss the need for a partial-RLF report mechanism and possible approaches to ensuring delivery of the uplink grant for a report, with preference given to alternative 1 (eNode B detection) and alternative 3 (request for uplink grants towards a specific carrier).
Proposal 3: If the “PDSCH-only” recovery scenario is deemed important enough to justify some optimised recovery behaviour, RAN2 should discuss the possible approaches and agree on a way forward.
