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1          Introduction

In RAN1#60bis, a mechanism to use HS-SCCH orders to enable a fast change in the primary carrier of a 4C-HSDPA UE was proposed [1].  Some issues were highlighted with this approach in the RAN1#60bis meeting and also in [2].  The notable issues are:

1. Operation in Soft Handover (SHO)
2. Synchronisation between RNC and NB in mobility
3. Uplink synchronisation and power control

A discussion on Radio Link Failure (RLF) was also brought up in [2] based on the proposal in [3].  This document will try to address the issues highlighted above and further discuss the RLF scenario discussed in [2] and [3].

2          Soft Handover
A change in primary carrier via HS-SCCH order for a UE in SHO will cause differences in the primary carrier frequency between the serving and non-serving cells.  For example in Figure 1, the initial primary carrier for the UE is F1DL and F1UL in the downlink and uplink respectively.  The serving cell sends a HS-SCCH order to change the UE’s primary carrier to F2DL and F2UL in the downlink and uplink respectively.  The serving cell will inform the RNC which will propagate this change to the non-serving cells.  Since there is delay in communication this change to the non-serving cells (via the RNC), the non-serving cells will continue to assume that the primary carriers for this UE are still F1DL and F1UL in the downlink and uplink respectively.  This causes the primary carrier to be out of sync between the serving and non-serving cells.
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Figure 1: Changes in Primary Carrier at SHO region
Since HSDPA does not operate in SHO, we will consider the disruption in the E-DCH operation when an out of sync occurs in the primary carrier due to fast primary carrier change.  Here we consider two cases:
· Downlink primary carrier changes to a carrier that has a corresponding configured (DC-HSUPA) uplink 

· Downlink primary carrier changes to a carrier that does not have a corresponding configured uplink (applies to DC-HSUPA and SC-HSUPA)

2.1 New Primary Carrier with a Configured Uplink
In this scenario, the UE operates in DC-HSUPA with two carriers configured.  The HS-SCCH order changes the primary carrier to another (secondary) carrier that has a configured uplink carrier.  An example is shown in Figure 2 where the primary carrier is changed from F1DL to F2DL and the corresponding primary uplink is thus changed from F1UL to F2UL.  Here F2UL is a configured secondary uplink carrier.
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Figure 2: Primary carrier change to a carrier with a configured uplink carrier

In DC-HSUPA, a configured secondary uplink carrier maintains an Active Set regardless of its activation state.  Hence, a change in primary carrier in this scenario would not affect the non-serving cells since they are already in the UE’s Active Set.  If the secondary uplink carrier is initially activated, the non-serving cell can continue to send control signals (e.g. E-HICH, E-RGCH, TPC) to this UE after the primary cell change.  The scenario where the secondary uplink carrier is initially deactivated is similar to the DC-HSUPA scenario when a secondary uplink carrier is activated.  Here the non-serving cell will be informed of the activation status and the change in primary cell.
In both scenarios (i.e. secondary uplink carrier is initially activated or deactivated), the NB need not deactivate the original primary carrier (especially in the uplink) to avoid disrupting the control messages sent by the non-serving cell.  The NB after some predetermined time (or when it knows that the non-serving received the notification of a change in primary carrier), the NB can send a HS-SCCH order to disable the primary uplink (and downlink) carrier if required.  However, deactivating the original uplink carrier rather than maintaining it after a change in primary carrier, does not cause any uplink interference (in fact it reduces uplink interferences).  This is similar to deactivating a secondary carrier in DC-HSUPA where the NB tries in vain to search for the UE uplink signal until it is notified by the RNC of this change.
2.2 New Primary Carrier without a Configured Uplink

In this scenario, the NB HS-SCCH order changes the downlink primary carrier to a carrier that does not have a configured uplink carrier.  Here the UE may or may not operate in DC-HSUPA.  An example is shown in Figure 3 (where the UE operates in DC-HSUPA).  In this example the HS-SCCH order changes the primary carrier from F1DL to F3DL, where F3DL do not have a corresponding configured uplink carrier, that is, F3UL is not initially configured.
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Figure 3: Primary carrier change to a carrier without a configured uplink carrier

Since DC-HSUPA needs to operate with adjacent uplink carriers, in this example (Figure 3), the NB has to deactivate F1UL, the original primary carrier.  The non-serving cell may declare loss of sync for the F1UL radio link if the primary change information does not arrive fast enough from the RNC.  Since the declaration is made to the RNC and the RNC is informed of this change from the serving cell, it should not cause any misinterpretation.  This is not dissimilar to a deactivation of an uplink secondary carrier in DC-HSUPA.
The initially un-configured uplink carrier (i.e. F3UL in Figure 3), does not have an Active Set.  The transmission on previously un-configured uplink carrier may cause interference to potential non-serving cells.  Similar to an inter-frequency hard handover, the UE needs to build up an Active Set or the RNC can use a Virtual Active Set (VAS).  If a Virtual Active Set (VAS) is used, this scenario is not dissimilar to an activation of a secondary carrier, in which the non-serving cell will suffer a temporary interference from this UE until it is notified of the change.  If VAS is not used, then similar procedures as those in inter-frequency handover can be used to minimise interference to potential non-serving cell.
In both scenarios described in Section 2.1 and 2.2, the impacts to non-serving cell due to a change in primary carrier are similar to those in DC-HSUPA secondary uplink carrier activation/deactivation and inter-frequency handover.  Thus similar steps can be taken to minimise these impacts.
3         Synchronisation between NB and RNC on UE Mobility
The mobility in 4C-HSDPA is based on UE measurements on the downlink primary carrier.  Apart from Enhanced Serving Cell Change (ESCC), the UE mobility is based on RRC signalling where UE provides measurement reports to the RNC and the RNC makes handover decisions.  Since HS-SCCH order is performed at the NB, it is possible that the UE receives HS-SCCH order for primary carrier change and RRC mobility messages for serving cell change or primary carrier change.  An example is shown in Figure 4, where a HS-SCCH order for primary carrier change is sent from the NB to the UE and before the UE could send a HS-DPCCH feedback, it receives a RRC message for serving cell change or primary carrier change from the RNC.

[image: image4.emf] 

RNC   NB   UE  

RRC message: Serving cell  change or primary cell change  

HS - SCCH order:  Primary Carrier  Change  

ACK: HS - SCCH  order  

2 mobility  commands fr  network  


Figure 4: UE receives two mobility commands from the network
In the example in Figure 4, if both NB HS-SCCH order and RNC RRC message requires a change in primary carrier (to the same carrier) then the UE can either acknowledge both messages or any one of them, since the action at the UE is the same.  However, if the messages are different, e.g. RNC requires a serving cell change or primary carrier to a carrier different to that given by the HS-SCCH order, a lost in synchronisation on UE mobility status between the NB and RNC may occur.  A simple solution is to acknowledge the order that comes in first.  In this example the UE will ACK the HS-SCCH order since the HS-SCCH order comes first.  Alternatively, a priority can be setup where the UE will only acknowledge the order that has the highest priority.
4         Uplink Synchronisation & Power Control
The NB can only change the primary carrier to another active downlink carrier since it can only access the radio condition of activated downlink carriers.  When a HS-SCCH order changes the downlink primary carrier to another carrier that has a corresponding active uplink carrier, there is no change in the uplink synchronisation and power control.  However it is possible that a HS-SCCH order changes the downlink primary carrier to another carrier that does not have a corresponding active carrier.  This is similar to activating an uplink secondary carrier in DC-HSUPA.  In both this cases (change in primary carrier and uplink secondary activation in DC-HSUPA), the UE will need to perform uplink Synchronisation Procedure A [4].  This synchronisation process involved obtaining downlink chip and frame synchronisation of the DPCCH or F-DPCH channel of the new primary carrier.  Since the UE is already receiving from the target primary carrier prior to the HS-SCCH order, this process should not be any slower than that in activating an uplink secondary carrier in DC-HSUPA.
Similar to activation of an uplink secondary carrier in DC-HSUPA, the initial transmit power of the uplink DPCCH on the new primary carrier shall be the same as the previous primary carrier with an offset.  This offset can be set by higher layers and can be set differently for target primary carrier in the same and different band.

4         Downlink Radio Link Failure
Downlink Radio Link Failure (RLF) is evaluated only on the primary carrier.  Hence, it is possible that a RLF is declared even if there is at least one secondary carrier that can handle the link since one carrier may have higher interferences than the other due to differences in loading.  In [2] it is argued that Event 2X will completely eliminated this possibility since it would triggered an inter-frequency handover.  
Event 2X operates on the RRC layer and therefore it is usually slow and usually compares inter-frequency cells defined in the neighbour list.  Hence the neighbour list needs to include the secondary cells.  Alternatively an Event 2X with only the secondary cells can be sent to the UE and a separate Event 2X, with different trigger threshold, can be used to for inter-frequency cells in the neighbour list.  Since the UE can only measure up to 32 inter-frequency cells, the original inter-frequency neighbours list needs to be reduced to cater for these secondary cells.  A single Event 2X can be used that contains the secondary cells and a reduced inter-frequency neighbour cell.  Having a single Event 2X reduces the number of Event triggers configured at the UE.  However, the RNC will have a longer time in getting a complete report from the UE since the UE can only measure one cell at a time.  Depending on the settings, this can be several hundred ms.

[image: image5.emf] 

RNC   NB   UE  

UE primary carrier  deteriorates below a  threshold  

MCM  -   Event 2X   

Enable CM &  configure   Event 2X   

Event 2d   –  meas  report    

UE sets up Event 2X and  performs periodic  measurement using CM  

Event 2X   –  meas  report    

Decides to change  primary carrier  

RAB reconfiguration   

UE change primary  carrier  


Figure 8: Usage of CM for Event 2X
Inter-frequency measurements require compress mode (CM), which degrades the UE reception.  Hence, CM is usually not configured unless necessary (e.g due to an Event 2d trigger, when the used frequency falls below a threshold).  An example of such setup is shown in Figure 8.  Here the UE triggers an Event 2d report indicating that its primary carrier is below a threshold.  The RNC setups Event 2X with CM allowing the UE to measure its secondary carriers.  Using the CM, the UE makes periodic measurement of each cell defined in the Event 2X.  The UE will then triggers the Event 2X and the RNC decides to change the primary carrier.  Since this process starts after the primary carrier degrades below a threshold, it is possible that the UE would declare RLF before the RNC gets a chance to change its primary carrier.  In this case, the NB will be in a better position to evaluate the UE situation (e.g. based on CQI reports) and perform a fast primary carrier change thereby avoiding a potential RLF.  NOTE: In a single carrier system, inter-frequency handover by the RNC was the only mechanism used to avoid a RLF of this kind.
5          Conclusion

This document investigates the issues in fast primary carrier change using HS-SCCH order.  It is found that the impact on SHO, uplink synchronisation and power control are not different to those in uplink carrier activation in DC-HSUPA and inter-frequency handover.  Out of sync between RNC and NB on the UE mobility status can be overcome.  Finally, it is shown that existing Event 2X that is the only available mechanism in single carrier handover may not be too slow and can be improved by having fast primary carrier change.
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