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1          Introduction

It was agreed in RAN1 [1] that the UL anchor carrier cannot be switched off.  Further, in RAN1#57bis a Working Assumption was agreed that in case of downlink sync loss on the anchor DL, uplink transmission on the anchor carrier would be stopped, and it would be restarted after DL sync on anchor carrier had been reacquired at the same power level as before the sync loss.

Given the above agreements, this T-doc investigates the mobility and radio link failure definition for DC-HSUPA

2         Inter-Carrier Handover
Inter-carrier handover is introduced here and it occurs when the UE moves from DC-HSUPA to the 2nd carrier in Single Cell (SC) mode.  The 2nd carrier can be in the same or different sector.  An example where the handover is to a 2nd carrier in a different sector is shown in Figure 1.  Here the UE moves from a Dual Cell sector to a SC sector that operates only on the 2nd carrier frequency.  The handover operation will be equivalent to that in an inter-frequency handover but the trigger shall be based on different measurement events.

[image: image1.emf] 

DC - HSUPA  Sector  

Single Cell Sector  operating on 2 nd   carrier frequency  

Anchor carrier   downlink  radio  link  failing  

Strong & active 2 nd  carrier  downlink  radio lnk   UE moving towards  Single Cell sector  


Figure 1: UE moving from DC-HSUPA sector to a SC-HSUPA sector operating on 2nd carrier frequency

Proposal 1: DC-HSUPA shall be able to perform inter-carrier handover

In RAN2#66 meeting it was agreed that the UE shall report independent 1x events on each carrier and that the 2nd carrier is considered as used-frequency when the UE is operating in DC-HSUPA mode.  Hence events 2x is therefore redundant and there is no need to perform these measurement reports on the 2nd carrier.  To aid the inter-carrier handover, a new measurement report event 1K is introduced.  Event 1K is triggered when the measurement quantity (e.g. pathloss, CPICH Ec/No or CPICH RSCP) of the anchor’s best cell is lower than an absolute threshold whilst the measurement quantity of a non-anchor’s (i.e. 2nd carrier’s) best cell is higher than the absolute threshold.  An example of this event is shown in Figure 2.
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Figure 2: Example of Event 1K
In Figure 2, anchor carrier measurements are in black lines and consist of Sector 1 & Sector 2 with primary P CPICH 1 & 2 respectively.  Sector 1 and Sector 2 belong to different NBs.  The equivalent measurement quantities for the 2nd carrier are in red lines.  All sectors/NBs in Figure 2 are in the E-DCH active set of their respective carrier.  The hysteresis and time to trigger are equal to 0.  In this example, when the measurement quantity for cell 1 of the anchor carrier drops below a threshold, cell 2 of 2nd carrier is above the threshold and it is also the cell with the best measurement quantity.  The event 1K is therefore triggered.  The absolute threshold can be set to the minimum level (with some margin) required for operation.
The measurement report for event 1K should consist of the best cell in the 2nd carrier that caused the trigger.  The RRC can therefore decide whether to perform inter-carrier handover to a cell operating in the 2nd carrier.  

Proposal 2: Introduce Event 1K that can be used for inter-carrier handover.
With Event 1K, there is no need for Event 1D on the 2nd carrier.  Event 1D would determine the best cell within the 2nd carrier active set and since active sets are independent in both carrier it does not relay relative measurement information between the carriers.  However, Event 1D is still required on the anchor carrier.

Proposal 3: Event 1D is only required on the anchor carrier but not in the 2nd carrier.
3          Radio Link Failure
The radio link in each carrier is likely to have different radio conditions especially in a frequency selective environment.  This innate diversity can be utilised to give higher reliability on the overall UE radio connection.  

The radio link failure is based on downlink layer 1 synchronisation, where it was agreed [1] that the downlink synchronisation processes are run independently in each carrier.  As suggested in [2], when the 2nd carrier experiences DL radio link failure, the radio link failure procedure should not be initiated if the radio link in the anchor carrier is still active.  Instead, the UE shall signal to the RRC via the anchor carrier of this event where the RRC can then deactivate the 2nd carrier.  The RNC can then inform the non-serving NBs in the UE’s 2nd carrier active set of the deactivation. 

Proposal 4: When 2nd carrier experiences DL radio link failure while the DL radio link of the anchor carrier is still active, the UE shall inform the RRC of the radio link failure via the anchor carrier and the RRC shall deactivate the 2nd carrier.  

Proposal 5: The RNC shall inform all non-serving NBs in the UE’s 2nd carrier active set when the 2nd carrier is deactivated due to radio link failure.

If the RAN1 Working Assumption is confirmed that in case of downlink sync loss on the anchor DL, uplink transmission on the anchor carrier would be stopped, and restarted after DL sync on anchor carrier had been reacquired, it would not be known for how long operation would be likely to continue with only the secondary carrier. In the absence of a higher-layer reconfiguration, only the power control loop would be maintained; this is not a useful long-term situation for data transfer, as there would be no HS-DPCCH to support the downlink. Therefore it is preferable that the UE move as quickly as possible to Single Cell (SC) mode on the 2nd carrier’s frequency via inter-carrier handover.  If Event 1K is configured this should trigger inter-carrier handover.
Proposal 6: Inter-carrier handover should be enabled when the anchor carrier experiences radio link failure while the 2nd carrier is still active.

Using inter-carrier handover, a radio link failure is only declared when both anchor and 2nd carriers fail.

Proposal 7: Radio link failure is only declared when both anchor and 2nd carriers fail.

4          Conclusion
The following are proposed to enable inter-carrier handover and offer higher reliability on the UE connection:
· Proposal 1: DC-HSUPA shall be able to perform inter-carrier handover.
· Proposal 2: Introduce Event 1K that can be used for inter-carrier handover.
· Proposal 3: Event 1D is only required on the anchor carrier but not in the 2nd carrier.
· Proposal 4: When 2nd carrier experiences DL radio link failure while the DL radio link of the anchor carrier is still active, the UE shall inform the RRC of the radio link failure via the anchor carrier and the RRC shall deactivate the 2nd carrier.  

· Proposal 5: The RNC shall inform all non-serving NBs in the UE’s 2md carrier active set when the 2nd carrier is deactivated due to radio link failure.

· Proposal 6: Inter-carrier handover should be enabled when the anchor carrier experiences radio link failure while the 2nd carrier is still active.

· Proposal 7: Radio link failure is only declared when both anchor and 2nd carriers fail.
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