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1 Introduction

Measurements for CC management and CA handover have been discussed during several RAN2 meetings and some agreements have been made. The objective of this contribution is to put together these agreements and to give examples of how signalling for vertical and horizontal mobility can be achieved for a number of realistic scenarios proposed in [1]. In addition, we also give our view on PCC reconfiguration.
We are presented the following challenges:

1. Signalling for CC addition, removal and replacement
2. Signalling for PCC reconfiguration
3. Handover signalling
2 Discussion
2.1 General

An aggregated CC set consists of a Primary CC (PCC) and possibly one or more Secondary CCs (SCCs). There’s one such CC set in uplink and one in downlink. The downlink and uplink PCCs resemble very much the functionality of a serving cell in Rel-8. At RRC connection establishment one PCC is established in each direction to which one or more SCCs can be added to form an aggregated CC set.
In this document we will use the following definitions:

· “A2 for CC removal”: A2 criterion with threshold set for CC removal.

· “A2 for starting inter-frequency measurement”: A2 criterion with threshold set for starting inter-frequency measurement.

2.2 CC Addition
To increase the data throughput, addition of one or more CCs to the existing CC set may be required. For this use case, A4 can be reused. Since CC addition is not caused by deteriorating channel conditions there is no need to compare RSRP/RSRQ values with any of the configured cells, implying that A3 or A5 trigger events would not be used.
Procedure
When the eNB wants to add a CC, an A4 trigger event will be configured on all or part of the aggregate-able but non-configured CCs in the eNB. If an A4 entry criterion is detected the UE reports the CC to eNB which then decides if the reported CC shall be added as a new CC or not.
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Figure 1: Addition of a non-configured CC, message sequence for CC addition
Observation 1: The A4 trigger event can be used for CC addition.
2.3 CC Removal

When a UE looses coverage from a CC or when the traffic demand drops the CC may be removed from the UE’s CC set. If the CC is the one used as a PCC, removal is not allowed before the functionality of PCC is guaranteed on another configured CC, see 2.4 CC Replacement.
Procedure
For CC removal, as there may be different propagation and interference situations for the configured CCs, an A2 for CC removal trigger event would initially be linked to all the configured SCCs to report when a certain CC becomes bad. If an A2 entry criterion is detected (implying the UE is about to move out of the CC coverage area) the UE reports the cell to the eNB which then decides if the reported CC shall be removed or not.
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Figure 2: CC removal, message sequence for CC removal

Observation 2: The A2 for CC removal trigger event can be used for CC removal.
Downlink SCCs may be activated and deactivated. In order for eNB to have a good knowledge also of deactivated SCCs we believe it is a necessary to perform RSRP/RSRQ on these carriers. Otherwise the eNB would have no information about the possible poor state (such as RSRP/RSRQ values below the A2 for CC removal trigger threshold) of the carrier at the (re) activation time. With A1 trigger events, RSRP/RSRQ measurements on deactivated CCs can also be used to detect when deactivated CCs becomes good for usage. 

Proposal 1: It shall be possible to perform RSRP/RSRQ measurements also on deactivated CCs.
2.4 CC Replacement
When a configured CC can not provide service for the UE, e.g. maintaining the UE’s QoS requirements, the eNB can make an attempt to replace it by a new aggregate-able CC. We have identified two procedures by which CC replacement can be made. The first and obvious one is to do the CC addition and CC removal procedures as described above in sequence. The second procedure is as follows and is also depicted in figure 3.
Procedure 
In order to monitor the quality of the configured CCs the eNB initially configures the UE to do A2 for CC removal measurements and A2 for starting inter-frequency measurements on all or a subset of the configured CCs. The eNB also pre-configures the UE for A4 measurements (measurement gaps are not configured) to make A4 measurements on aggregate-able but non-configured CCs. If an A2 starting inter-frequency measurements entry criterion is detected and reported, the eNB will configure the UE’s measurement gaps and the UE can start the A4 measurements. The eNB will now wait for reports from both the ongoing measurements and when these are received, the eNB can decide if the bad CC shall be replaced or not.

[image: image5.emf]   

PCC

SCC

 

SCC

A4

eNB

 

Trigger A4 for CC Addition

CC1

CC4

CC3

CC2

Non-configured CC

A2

A2

A2

   

PCC

SCC

 

SCC

eNB

 

Non-configured CC

Triggering A2 for CC removal

 
[image: image6.emf]eNB

UE

Reporting Configuration of A2 for remove, 

A2 for inter-freq measurement trigger 

Reporting A2 for starting inter-freq measurement 

Reporting A4 on CC4 

Report A2 for CC Removal on CC3 

Removing CC2 and adding  CC4 at the same time)

eNB can determine to add CC4,  

at the same time removing CC2

Reporting configuration of A4 on non-configured 

CCs 

Start inter-freq measurement 


Figure 3: CC replacement, message sequence for CC replacement
Observation 3: CC replacement can be achieved by combining A2 and A4 trigger events
2.5 PCC Reconfiguration 
The existence of a PCC reconfiguration procedure is important for the PCC as it has to be changed when the CC carrying the PCC becomes too bad in order to not loose important functions for the UE. PCC reconfiguration could also be needed for load balancing to spread PCC functionality between UEs. In order to make this procedure fast enough we think that PCC reconfiguration is always made between CCs within the configured CC set. 

Procedure
The source eNB initially configures the UE to make A2 for CC removal measurements on the PCC and on all or a subset of the SCCs in order to continuously monitor the quality of the aggregated CCs. If an A2 for CC removal entry criterion on PCC is detected and reported (implying the UE is about to move out of the PCC coverage area), the eNB will move the PCC to a SCC for which no A2 for CC removal measurement report has been received.
Note: The PCC reconfiguration procedure can also be used to move a PCC for load balancing. In this case the CC carrying the PCC might not be removed, hence the dotted ellipse.
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Figure 4: PCC position before and after PCC reconfiguration; message sequence for PCC reconfiguration
Observation 4: The A2 trigger event can be used for PCC reconfiguration.

2.6 Handover signalling
For intra-frequency mobility, there is an agreement in RAN2 that it should be possible to use A3/A5 measurements within each configured CC, i.e. comparing towards the configured cell on that CC. Our view is that these measurements are constantly running in any UE in RRC connected mode and used to monitor possible target cells for intra-frequency handover.
For inter-frequency mobility, in order to avoid the need to early configure measurement gaps, “A3/A5-best” measurements are initiated upon reception of an A2 for starting inter-frequency measurement report on all or part of the configured CCs.

We use the following definition:

Definition: “Ax-best”
An Ax criterion where the serving cell corresponds to the best component carrier (within the UE). It is autonomously detected by the UE and may change without reconfiguration. It may also change during a measurement evaluation period and consequently, the triggering criterion is fulfilled when the quality of the best cell among the configured CCs becomes worse than absolute threshold.
Procedure
The source eNB initially configures the UE to make A3/A5 intra-frequency measurements on all or parts of the configured CCs. The source eNB may also at the same time configure A2 for starting inter-frequency measurements on all or parts of the configured CCs. Whenever an A3/A5 intra-frequency entry criterion is detected the UE reports the neighbour cell to source eNB. If an A3/A5 entry criterion is detected and reported for the very last cell the source eNB may decide to initiate an intra-frequency handover to target eNB and in the handover message include the CCs that have previously been reported as being good and for which the reports are “not too old”. When the very last source cell is reported, the source eNB can stop any ongoing A2 for starting inter-frequency measurements in the UE, see below.
If A2 for starting inter-frequency measurements have been configured in source eNB and if such entry criteria are met and reported to source eNB on all the CCs before the very last cell has reported an A3/A5 entry criterion as above, the source eNB may initiate “A3-best” inter-frequency measurements on CCs which currently do not belong to the configured set. If then an “A3-best” measurement report is received before the very last report based on the A3/A5 intra-frequency measurements, the source eNB can decide to perform an inter-frequency handover to the target eNB. The handover message can include the cell detected on the inter-frequency layer together with any cells reported from the A3/A5 intra-frequency measurements for which the reports are “not too old”.
The above is our preferred procedure for CA handover. It is however also realised that using “A2-best” measurements instead of A2 for inter-frequency measurements on all or a part of the CCs is a possible alternative and would lead to a somewhat smaller number of measurement reports being sent. However, as we want to limit the impact on specifications and we believe that there will usually not be very many CCs configured with A2 for inter-frequency measurement reporting, reporting overhead will not be a big problem. To conclude, for handover A2 for inter-frequency measurements can be configured on all or a subset of the CCs and when a measurement report is received for the very last of these CCs the “A3-best” inter-frequency measurement reporting can be configured.
 SHAPE  \* MERGEFORMAT 


 SHAPE  \* MERGEFORMAT 



Observation 5: The A3/A5 trigger events would only be used within each configured CC, i.e. comparing towards the configured cell on that CC for intra-frequency mobility. 

Observation 6: The “best cell” among all the configured CCs is used as the reference to trigger “A3/A5-best” measurements for inter-frequency mobility.
3 Conclusions

This document has shown possible ways to implement horizontal and vertical mobility in a Rel-10 CA system. For the various procedures we make the following observations:

· CC Addition: The A4 trigger event can be used for CC addition.
· CC Removal: The A2 trigger event can be reused for CC removal.
· CC Replacement: CC replacement can be achieved by combining A2 and A4 trigger events.

· PCC Reconfiguration: The A2 trigger event can be reused for PCC reconfiguration.

· Intra-frequency mobility: The A3/A5 trigger events would only be used within each configured CC, i.e. comparing towards the configured cell on that CC for intra-frequency mobility. 
· Inter-frequency mobility: The “best cell” among all the configured CCs is used as the reference to trigger “A3/A5-best” for inter-frequency mobility.
Although “A2-best” measurements/reporting could result in a somewhat smaller reporting overhead for handover, we believe that using A2 for inter-frequency measurement per CC will not dramatically increase the signalling overhead. We therefore propose to not introduce “A2-best”.

Proposal 1: It shall be possible to perform RSRP/RSRQ measurements also on deactivated CCs.
Proposal 2: The “best cell” among all the configured CCs, autonomously chosen by the UE, would be used as the reference cell to trigger A3/A5 measurements (“A3/A5-best”) for inter-frequency mobility. 
4 References

[1] R2-100531, “Carrier aggregation deployment scenarios”, NTT DOCOMO INC., RAN2 #68bis, Valencia, 2010.

[2] R2-101197, “Measurements for carrier aggregation”, Ericsson, ST-Ericsson, RAN2 #69, San Francisco, 2010.













































































































































Best CC





A2





A2





A3/A5-best





Target eNB





Source eNB















































Figure 5: A3/A5 intra-frequency measurements.





Figure 6: A2 measurements trigger “A3/A5-best” inter-fq       measurements.
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