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1 Introduction

At the RAN2#71 meeting [1], it was concluded that PCell change without handover would not be introduced in Rel-10, but can be reconsidered for Rel-11 or later. On the other hand, the issues of multiple TAs had been discussed in pervious RAN2 meetings, with the agreements that Timing Advance Group (TAG) and related handling procedures are introduced to satisfy requirements from multiple TAs scenarios in Rel-11.
In this contribution, we analyze the issue of PCell change without handover in the intra-eNB scenario and share our opinions on its enhancement in the context of Rel-11.
2 Discussion

PCell change may happen frequently in the CA scenarios defined in [2], especially for scenario 3 and 4, for the sake of achieving mobility continuity and load balancing, etc. Further, PCell change procedure can be optimized without handover procedure, mainly in order to achieve the following benefits in comparison to the case of PCell change with handover:

· Reduce delay and interruption;
· Avoid introducing handover signaling overhead;
· Avoid handover failures.
Proposal 1: The issue for PCell change without handover should be discussed.
In current specification, PCell change should be performed with handover procedure (i.e. with security key change and RACH procedure) [3]. Therefore, if RACH procedure and security key change can be avoided, PCell change without handover can be achieved. Performing PCell change without RACH implies that the UL timing synchronization of the target PCell can be maintained by UE. Assuming PCell change occurs in the intra-eNB scenario, the target PCell are either the serving cell or non-serving cell of serving eNB [4]. More specifically, three types of target PCells, namely activated SCell, deactivated SCell and non-serving cell of the serving eNB, can be considered.
In the following sections, we will provide detailed analysis on whether RACH procedure and security key change are necessary when PCell is changed without handover in multiple TA intra-eNB scenario.
2.1 The necessity of RACH procedure
In this section, we mainly focus on two scenarios:

· Scenario 1: the same TA value is applied to both source and target PCells;

· Scenario 2: different TA values are applied to source and target PCells, respectively.
Note that loss of UL synchronization may occur when the UE changes its PCell. However, since the PCell change procedure occurs only in the RRC_CONNECTED mode, RACH upon the loss of UL synchronization is out of the scope and is not be considered in this contribution.
2.1.1 PCell change to an activated SCell
When the UE already synchronized with the activated SCell both in DL and UL, the PCell change can be performed without RACH, no matter the target PCell shares the same or different TA values as the source PCell, i.e. in Scenario 1 or 2 defined above.
Observation 1: RACH is not needed for PCell change when PCell is changed to an activated SCell.
2.1.2 PCell change to a deactivated SCell
The UE may constantly monitor and measure the deactivated SCell(s) in order to ensure quick SCell activation. Note that the UE is already synchronized with a deactivated SCell in DL. The main question is whether the UE needs to perform RACH for UL synchronization on the deactivated SCell, when eNB requests UE to activate it.
If the same TA value can be applied to both source and target PCells, i.e. both source and target PCells belong to the same TAG, the UE does not need to perform RACH for achieving UL synchronization on the targeted deactivated SCell, since the TA value for the target PCell is already available.
On the other hand, if different TA values are applied for source and target PCell respectively, i.e. in Scenario 2, it is unlikely that the TA value of the source PCell can be directly used as the TA value for the target PCell. In this case, we need to consider whether the target PCell (i.e. the source deactivated SCell) belongs to an existing sTAG that has available TA value for the UE to apply. If the target PCell belongs to existing sTAG with available TA value, the TA value of that sTAG can be used for the target PCell. In other words, in this case the UE can maintain UL synchronization with the deactivated SCell and does not need to perform RACH for establishing initial UL synchronization for PCell change.
Observation 2: RACH is not needed for PCell change when PCell is changed to a deactivated SCell that belongs to existing TAG with available TA value.
2.1.3 PCell change to a non-serving cell
As the UE does not need to maintain DL and UL synchronization with a non-serving cell, a non-serving cell may not be the first choice for serving as the target PCell in the PCell change procedure. Nonetheless, in some cases the eNB may still decide to change PCell to a non-serving cell. For example, load balancing between cells may require the target PCell is a non-serving cell of source eNB. In that case, if the same TA value can be applied to both source and target PCell, the UE may be able to skip the RACH procedure even if the target PCell is a non-serving cell. However, non-serving cell is not configured in any TAG of the UE, none of the existing TA values can be readily reused. Therefore, RACH needs to be performed to ensure UL synchronization is achieved on non-serving cell.
Observation 3: RACH is needed for PCell change when PCell is changed to a non-serving cell.
Based on above discussion, the cases of whether RACH is necessary in Pcell change procedure are summarized in the following table.

Table 1: Comparison of the necessity of RACH procedure in various scenarios of PCell change.
	Target PCell type
	TA value

	
	Same as source PCell
	Different from source PCell

	Activated SCell
	No RACH
	No RACH

	Deactivated SCell
	No RACH
	· No RACH if its TA value is maintained by existing TAG
· Need RACH if its TA value is not maintained by existing TAG

	Non-serving cell
	Need RACH due to unavailability of reference TA value


Proposal 2: RACH can be avoided in PCell change when the PCell is changed to an activated SCell or a deactivated SCell that belongs to existing TAG with available TA value.
2.2 The necessity of security key change
Note that before PCell change procedure, the UE is already in RRC_CONNECTED mode, while both the source eNB and the target eNB are actually the same eNB (i.e. in intra-eNB scenario). Therefore, security keys have already been generated and maintained by the source eNB, which implies that they are not to be changed during PCell change procedure intra-eNB scenario. Obviously, in this case the security keys of the UE is still valid after PCell change, no matter whether the target PCell is an activated or deactivated SCell that belongs to existing TAG with available TA value. This can effectively reduce unnecessary signalling overhead and delay.
Observation 4: Security keys can be reused in PCell change in intra-eNB scenario.
2.3 Remarks
According to above analysis, RACH procedure and security key change can be avoided in some PCell change’s scenarios, which means that PCell change can be enhanced without handover.
Proposal 3: PCell change without handover should be supported.
3 Conclusion
In this contribution, we have discussed the issues related to PCell change without handover. Based on our analysis, we suggest that following proposals are discussed and agreed:
Proposal 1: The issue for PCell change without handover should be discussed.
Proposal 2: RACH can be avoided in PCell change when the PCell is changed to an activated SCell or a deactivated SCell that belongs to existing TAG with available TA value.
Proposal 3: PCell change without handover should be supported.
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