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1. Introduction 
According to current RAN2 progress on dual connectivity, there is one special cell of SeNB configured with some Pcell-like functions, such as UL PUCCH transmission, DL RAR transmission for all PRACH procedure conducted on the SeNB and etc. We call this special cell of SeNB as SPcell, which will be always active during SeNB’s life cycle. It is clear that this SPcell can be changed during SeNB’s life cycle, such as overload situation, and bad radio situation. This contribution addresses issues related to SPcell change to support dual connectivity.

2. Discussion
To discuss the SPcell change within current SeNB, following issues should be addressed: 
· Issue 1: how to trigger SPcell change procedure

· Issue 2: how to deal with the old SPcell

· Issue 3: how to access to the new SPcell
· Issue 4: handling of ongoing communication during SPcell change
These issues are separately discussed in below sub-sections
2.1 Issue 1: how to trigger SPcell change 

For this issue 1, SeNB knows all its local carriers’ load situation. SeNB can also detect the radio situation of all its current configured Scells based on UE’s UL CQI report. It is straightforward that SeNB will have the motivation to decide whether the current SPcell should be changed, such as traffic overloaded or bad radio situation occur on current SPcell.
MeNB has the RSRP report of all Scells within the SeNB, which are based on long term measurements and is good input to identify the long-term radio situation. Hence it is also possible for MeNB to trigger the SPcell change procedure based on UE reported RSRP information with following two potential events:

· The current SPcell RSRP is below predefined threshold 

· There is one Scell of the SeNB with RSRP above the current SPcell by pre-defined threshold 
So it is proposed that MeNB and SeNB both have the motivation to trigger SPcell change in support of dual connectivity performance. After the SPcell change is triggered, MeNB and SeNB negotiate to facilitate the target new SPcell selection. For example, MeNB provides the radio situation indication to SeNB, such as the detail RSRP information or recommended priority list. And the SeNB will finally select the new SPcell taking into account the information from MeNB and its own status. 

Observation1: MeNB and SeNB will both have the motivation to trigger SPcell change procedure.

Proposal 1: the new SPcell is selected by SeNB supported by MeNB.
2.2 Issue 2 on how to deal with the old SPcell
In the legacy CA, only PCell carries the PUCCH. It is possible to reconfigure the PUCCH resources on the PCell with RRCConnectionReconfiguration without HO. However, when the PUCCH configuration is changed from one cell to another, PCell change procedure is performed. 
When the PUCCH resource of SeNB reconfigured on the same cell, it is similar to the legacy procedure, RRCConnectionReconfiguration can be used. When the PUCCH resource configuration is changed from one cell to another of the SeNB, SPcell change occurs. For this situation, the UE has communication link to the MeNB. Therefore HO procedure is not seen necessary for SPcell change. Additionally, the UE communication to MeNB should not be impacted by the SPcell change. 
It however needs to investigate the impact on the UE communication to the SeNB during SPcell change. UE must be clear on how to deal with the old SPcell and the communication to the SeNB during the SPcell change procedure. The following options could be envisaged for the Old SPcell handling.
· Option 1 : the old SPcell is released/de-configured
· Option 2 : the old SPcell is regarded as configured SCell 
·  in activated state.  

·  in deactivated state
For option 1, the old SPcell is considered to be in deconfigured state after the SPcell change. Therefore, communication to the SeNB on the deconfigured cell is stopped at the SPcell change. This includes the release of all on-going HARQ operation, flush related HARQ buffer, release all related configuration on the old SPcell and etc. This option may degrade UE experience, especially when the SPcell change is trigged because of load situation but the old SPcell is still in good radio situation and is acceptable to continue to serve the UE. 
For option 2, the old SPcell is regarded as a configured cell.  There are two possibilities for the activation/deactivation status of the old SPcell; 1) the cell is in activated state 2) the cell is in deactivated state.  If the old SPcell is considered to be in activated state after the SPcell change, the handling of this cell is same as the other activated SCells of SeNB. The handling of other activated SCells of the SeNB during the SPcell change is discussed separately under issue 4 below. 
If the old SPcell is considered to be in deactivated state, the on-going HARQ processes on the old SPcell are to be stopped and HARQ buffers to be flushed, as similar to the option 1. The cell can be activated by transmitting an Activation/deactivation MAC CE.

From the UE communication perspective, it seems logical to consider the old SPcell to be in activated state after the SPcell change. This allows for the on-going communication on the cell to continue after the SPcell change. If the network wants to release the old SPcell after SPcell change, the network could follow the SCell release procedure. Similarly, to deactivate the old SPcell after the SPcell change, the network can transmit the activation/deactivation command.
One scenario where the network may consider the release of the old SPcell after SPcell change is when there is UE capability limitation on the number of configurable cells. 

Proposal 2: it is proposed to discuss whether the old SPcell should be kept configured after the SPcell change.  
2.3 Issue 3 on how to access to the new SPcell
After the SPcell change procedure is completed, one SCell is turned into the new SPcell and become always active during its life cycle. Before this SCell is regarded as new SPcell, the cell could be in the following states:

· Situation 1 : the new SPcell is configured but in deactiveted state
· Situation 2 : the new SPcell is configured but in activated state
· Situation 3 : the new SPcell is not configured SCell

It is most likely that the new SPcell would have been a configured SCell of the SeNB prior to the SPcell change given that the SPcell should have a good radio condition that is the same criteria used for the SCell addition. However, if the UE capability limits the configuration of more than one SCell on the SeNB, then the new SPcell would not be in a configured SCell prior to the SPcell change. 
Proposal 3: the new SPcell could have been a configured SCell or not configured SCell prior to the SPcell change.
When the cell is a configured SCell prior to the SPcell change, i.e., situation 1 and 2, UE may be already UL synchronized to the SCell before it is changed into new SPcell. In this case the UE synchronization to the SeNB on the new SPcell is not necessary. However the RACH procedure could be used as a way of new parameter synchronization between the UE and the SeNB. 
If the cell was not a configured cell prior to the SPcell change or the UE was not in UL synchronized to the cell prior to the SPcell change, and the cell belongs to a different TAG than what is configured then the UE is required to gain UL synchronization on the new SPcell by performing RACH procedure. 
If the RACH procedure after the SPcell change is not performed depending on the UE UL synchronization status to the new SPcell prior to the change, SeNB needs to be informed of the completion of the SPcell addition by the MeNB over the X2 interface. If however, RACH is performed after the SPcell change, this could be used as the parameter synchronization between the UE and the SeNB and the indication of the completion of the SPcell change. Moreover such procedure supports to have a common procedure for SeNB addition/ modification and SPcell change. Therefore we propose signaling steps as shown in figure 1 for SPcell change procedure.
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Figure 1: SPcell change procedure

Proposal 4: RACH is always performed during the SPcell change procedure. 
2.4 Issue 4 handling of ongoing communication during SPcell change

In legacy system, cell carrying PUCCH, PCell, is changed via HO procedure. Therefore, all the ongoing communications on activated cells are re-set at the PCell change. However for SPcell change, as discussed above, it is not necessary to perform HO procedure, especially the SPcell change shouldn’t have impact on the communication on the MeNB. 
There could be activated SCells of SeNB prior to the SPcell change. Thus it needs to discuss how to handle the communication on these activated SCells during the SPcell change. There are two possible options:

Option 1: the SeNB communication is reset at the SPcell change. 

Option 2: the SeNB communication is maintained at the SPcell change.

Option 1 follows similar model to the PCell change where lower protocol layers of SeNB are reset during the SPcell change. This includes reset of HARQ entity, flushing of HARQ buffers, release of TAT timer, etc.  
Option 2 supports maintaining the ongoing communication. The UE keeps all radio configurations. 

Specification of option 2 requires further detail discussion on how to maintain TAT timer, HARQ operation, UL synchronization of each TAG, how to maintain UL SRS, UL UCI transmission on old SPcell and so on. Specification effort to specify option 1 is simple however resetting of all SeNB communication during SPcell change seems unnecessarily burdening the system. 

Proposal 5: Discuss how to handle the SeNB communication during SPcell change

3. Conclusion
Special cell which carries PUCCH in SeNB, SPcell change procedure was discussed in this paper. How to trigger SPcell change procedure, how to deal with the old SPcell, how to access to the new SPcell and handling of ongoing communication during SPcell change were discussed. The following observation and proposals were made.

Observation1: MeNB and SeNB will both have the motivation to trigger SPcell change procedure.

Proposal 1: the new SPcell is selected by SeNB supported by MeNB.

Proposal 2: it is proposed to discuss whether the old SPcell should be kept configured after the SPcell change.  

Proposal 3: the new SPcell could have been a configured SCell or not configured SCell prior to the SPcell change.

Proposal 4: RACH is always performed during the SPcell change procedure. 

Proposal 5: Discuss how to handle the SeNB communication during SPcell change.
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