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Discussion and Decision
1. Introduction
To keep pace with the advancements in the downlink introduced as part of Release 8 (namely DC-HSDPA), it was agreed in the RAN Plenary meeting #43 [1], to extend dual-cell operations to the uplink. However, a number of issues make dual-cell operation significantly different on the uplink as compared to the downlink. In this document, we focus on one of these issues - radio link monitoring (and the associated physical channel establishment and radio link failure declaration). 

2. Discussion
2.1. Single Carrier Procedure

In Release 8, physical channel establishment and radio link failure are determined by the RRC, based on downlink synchronization primitives (CPHY-Sync-IND & CPHY-Out-of-Sync-IND). Layer 1 in the UE generates these SYNC primitives by monitoring the synchronization status of the DPCH or F-DPCH, depending on which is configured. Reporting of these primitives is based on:

· Stage/phase of the synchronization procedure

· The quality of the TPC fields (received from the serving HS-DSCH cell) and/or transport block error statistics

For physical channel establishment the RRC looks for N312 “in-sync” indications in a T312 time period. If the T312 timer expires before receiving the N312 “in-sync” indications, the UE declares a “physical channel failure”, reverts back to the prior configuration, and sends an appropriate indication to the network. As part of this procedure, if higher layers indicate the use of a post-verification period, the UE can start UL transmissions prior to declaring physical channel establishment.  

With regards to radio link failure, the RRC will start timer T313 [0,1,2,3(default) ,...15 sec] after receiving N313 [1,2,4,10,20(default),50,100,200] consecutive  out-of-sync  indications from Layer 1. If this timer expires before N315 [1(default),2,4,10,20,50,100,200,400,600,800,1000] consecutive in-sync indications, a radio link failure (RLF) is declared. As a consequence of RLF, the UE clears the dedicated channel, and begins a cell update procedure.

2.2. Dual-Carrier Procedure

During a RAN1 adhoc session held during RAN1#56bis, the following related working assumptions were agreed:

· the RL failure/restore is performed per uplink carrier;

· it is FFS whether there are one or two downlink sync primitives (dependent on whether F-DPCH is transmitted on one or both carriers).

In regards to the second working assumption, assuming that the F-DPCH is transmitted on the secondary downlink carrier, we feel that the UE can benefit from knowledge of the quality of the 2nd carrier, especially since the downlink interference level on the two carriers can be different.  As a result we propose that radio link monitoring on the downlink be based on both carriers. For instance, this may prove useful during physical channel establishment, where the UE can continue operation on one carrier if the other has failed. Generation of the synchronization primitives for the second carrier may be based on similar rules/procedures used for the primary carrier.

Proposal 1: UE should monitor radio link quality on both carriers.
2.2.1 Physical channel establishment
Assuming that the radio link quality is monitored on both carriers then the details of physical channel establishment on the second carrier have to be defined.   For physical channel establishment the following issues need to be addressed:

· How does the UE determine physical channel establishment on both carriers (does it maintain counters/timers for both carriers independently?)

· Does the UE use post-verification on both carriers?

· What happens if one of the links fails establishment? Should the UE continue with the other link and should the network be informed of the failure?

The physical channel establishment criteria should be performed for both carriers when one or both carriers are activated or initially configured.   While the physical channel is considered established in the anchor carrier, the physical channel procedure may fail in the secondary carrier.  Since the UE can continue transmission in the anchor carrier, it is not beneficial to declare a failure and revert back to the previous configuration.  Therefore it is proposed that physical channel failure is declared only if a physical channel failure is detected in the anchor carrier.  If the criteria for physical channel establishment for the secondary carrier are not met, then it is proposed that the UE stops or does not allow UL transmission on the secondary carrier.  Means to notify the network of this failure can be for further study.  

Proposal 2: Physical channel failure is declared only if a physical channel failure is detected in the anchor carrier

Proposal 3: If the criteria for physical channel establishment in the secondary carrier are not met the UE suspends or does not allow UL transmission on the secondary carrier

 Post verification procedures were introduced in order to avoid UL transmission delays that could be incurred while the UE is attempting to perform physical channel establishment procedure.  Since the UE may be able to start transmission at least on the anchor then the need for allowing post verification in the secondary carrier needs to be discussed.

Proposal 4: Discuss whether post verification should be allowed on the secondary carrier.
2.2.2 Radio Link Failure
Similar concerns as the physical channel establishment procedure need to be addressed for the radio link failure procedure. The radio link monitoring criteria in the RRC can be performed independently for both carriers based on the in-synch and out-of-synch indications from Layer 1.  

One significant consideration is if the quality of the second carrier deteriorates, the UE can still be power controlled on the primary carrier. Since the penalty for declaring RLF is quite high - a transition to CELL_FACH state and an initiation of a cell update procedure - we propose to have RLF declaration based only on the synchronization status information from the primary carrier.

Proposal 5: RLF determination should be based only on the synchronization status of the primary carrier.

While the radio link conditions for the anchor carrier are acceptable, the radio link conditions on the secondary carrier may deteriorate and the criteria for radio link failure on the secondary carrier can be met.  While declaring a complete radio link failure is not seen desirable, suspending E-DCH transmission when the radio link criteria is met can be beneficial for the UE and the system.

This would lead to a battery saving benefit for the UE, as it would be able to stop transmitting the DPCCH and/or E-DPCCH/E-DPDCH on the 2nd carrier.  The DTXing of these channels would also reduce the uplink interference on the 2nd carrier when it is potentially most damaging (that is when the UE cannot reliably determine the TPC information). Since the network may not be aware that the supplementary carrier has failed, we need to address whether the network needs to be informed that the UE has suspended transmission on the 2nd carrier. As RAN1 is working under the assumption that the UL radio link failure/restore will be performed per uplink carrier, the Node B could use the quality of the DPCCH on the 2nd carrier to determine that the UE has suspended UL transmission on the secondary carrier.
Proposal 6: When the radio link failure criteria on the secondary carrier are met the UE suspends transmission on this carrier.

3
Conclusions

This document discusses radio link monitoring issues related to DC-HSUPA operation and proposes:

Proposal 1: UE should monitor radio link quality on both carriers.
Proposal 2: Physical channel failure is declared only if a physical channel failure is detected in the anchor carrier

Proposal 3: If the criteria for physical channel establishment in the secondary carrier are not met the UE suspends or does not allow UL transmission on the secondary carrier

Proposal 4: Discuss whether post verification should be allowed on the secondary carrier.

Proposal 5: RLF determination should be based only on the synchronization status of the primary carrier.

Proposal 6: When the radio link failure criteria on the secondary carrier are met the UE suspends transmission on this carrier.
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