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1          Introduction

During the CR drafting session in the previous RAN2#71 meeting, a proposal was made where the downlink secondary carrier can be auto reconfigured by sending only uplink secondary carrier reconfiguration message to the UE.  This document further discusses this proposal.
2          Discussions
In 4C-HSDPA, there is a downlink Primary Carrier (PD) and up to three downlink secondary carriers namely, Secondary Carrier 1 (SD1), Secondary Carrier 2 (SD2) and Secondary Carrier 3 (SD3).  It is agreed that, the downlink Secondary Carriers are numbered, in ascending order, according to the order of their configuration IEs (e.g. “Downlink_Secondary_Cell_Info”) appear in the RRC message, where empty entries are skipped [1].  
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Figure 1: Changes to uplink Secondary Carrier causes a change to downlink Secondary Carrier
Since the downlink SD1 is tied to the uplink Secondary Carrier (SU) for DC-HSUPA, it is also proposed in the previous meeting, that a reconfiguration that changes the uplink Secondary Carrier will automatically renumbers the downlink Secondary Carriers.  For example, in Figure 1, the SD1 and SD2 are assigned to frequencies FD1 and FD3 respectively and the corresponding SU is assigned to frequency FU1.  The network wishes to change the SU from FU1 to FU3.  Instead of sending RAB reconfiguration for the downlink and the uplink, the network sends only reconfiguration for the SU.  At the UE, in addition to reconfiguring the SU, the UE also reconfigures its downlink Secondary Carriers so that SD1 uses frequency FD3 linking it with the SU frequency FU3.  This method reduces the amount of signalling required to perform this change.  However, some ambiguities need to be clarified.
Consider the example carrier arrangement in Figure 2 where PD is assigned to frequency FD2 whilst SD1, SD2 and SD3 are assigned to frequencies FD1, FD4 and FD3 respectively.  The network changes SU from frequency FU1 to FU3 and sends this reconfiguration to the UE.  At the UE, there are two possible downlink configurations for the downlink Secondary Carriers as shown in Figure 2.  Configuration 1 is a simple swap between SD1 and SD3.  Configuration 2 follows the order of the IEs.  Here, the initial IEs’ order of the frequencies for the Secondary Carriers is FD1, FD3 and FD4 (i.e. naturally corresponding to SD1, SD2 and SD3).  Therefore when SD1 takes FD3, the remaining IEs’ order is FD1 and FD4 and they should be taken by SD2 and SD3 respectively.  The rule on how downlink Secondary Carriers are reconfigured due to a reconfiguration on the SU needs to be clearly specified to avoid lost of synchronisation between UE and network on the numbering of the downlink Secondary Carriers.

Proposal 1: If an auto reconfiguration of downlink Secondary Carrier numbering is allowed in response to a reconfiguration of uplink Secondary Carrier, agree to use either Configuration 1 or Configuration 2 when reconfiguring the downlink Secondary Carriers.
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Figure 2: Two possible configurations corresponding to a change in uplink Secondary Carrier
The network may use auto reconfiguration with additional changes to the downlink Secondary Carrier to reduce the amount of signalling.  An example is shown in Figure 3, with the same initial downlink and uplink carrier arrangements as those in Figure 2.  To save RAB reconfiguration messages, the network uses one RAB reconfiguration message to delete the entry corresponding to frequency FD1 and to change SU and SD1 to FU3 and FD3 respectively.  In Scenario 1 of Figure 3, the UE firstly, changes SU from FU1 to FU3, which trigger an auto reconfiguration of the downlink Secondary Carrier such that SD1 is changed from FD3.  The UE then deletes entry corresponding to frequency FD1 leading to the configuration shown in Figure 3 (i.e. SD1 = FD3 and FD2 = FD4).  However, if the UE deletes the entry corresponding to FD1 first as shown in Scenario 2 of Figure 3, the UE may not be able to change its SU to FU3 or the UE may delete the entry corresponding to FU1 since there is no downlink SD1 that is adjacent to PD (downlink Primary Carrier).   The UE behaviour is unpredictable in this case and clear rules are required.  In this case, we either disallow reconfiguration on downlink if an auto-reconfiguration is expected at the expense of more RRC signalling or the UE performs auto reconfiguration first before apply changes to the downlink secondary carrier.
Proposal 2: If auto reconfiguration is expected on the downlink Secondary Carrier, direct reconfigurations on the downlink secondary carrier is not allowed.

Proposal 3: If Proposal 2 is not accepted then the UE should apply auto reconfiguration on the downlink Secondary Carrier before applying direct reconfigurations to the downlink Secondary Carriers.
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Figure 3: Auto reconfiguration with a deletion of a downlink Secondary Carrier
3          Conclusion
Auto reconfiguration of downlink Secondary Carriers in response to change in uplink Secondary Carrier saves RRC signalling but may cause ambiguities.  Hence it is proposed that:
Proposal 1: If an auto reconfiguration of downlink Secondary Carrier numbering is allowed in response to a reconfiguration of uplink Secondary Carrier, agree on either Configuration 1 or Configuration 2 should be used to reconfigure the downlink Secondary Carriers.
Proposal 2: If auto reconfiguration is expected on the downlink Secondary Carrier, direct reconfigurations on the downlink secondary carrier is not allowed.

Proposal 3: If Proposal 2 is not accepted then the UE should apply auto reconfiguration on the downlink Secondary Carrier before applying direct reconfigurations to the downlink Secondary Carriers.
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