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1          Introduction
In RAN2 68 meeting, the connected mode measurement for carrier aggregation was discussed.  The purpose of this email discussion is to further progress this subtopic of carrier aggregation.

The scope of the email discussion is as summarised by the Chair’s as follow:

1)  
Do we need to define a “serving cell “ on each CC that is configured i.e. do we want to be able to do A1, A2, A3 and A5 on each configured CC  (mainly for mobility)?

· e.g. is there a need for uplink interference point of view (not creating unnecessary uplink interference in neighbouring cell)?

· or is there a need for determining the new CC’s at handover

· any other relevant reason ?

2) 
Do we need new events that work across all configured CC’s (mainly for CC mgnt)?

2         Discussion
Configured Component Carriers (CCs) are CCs that are configured by the eNB on the UE for possible PDSCH and/or PUSCH transmissions when they are activated.  

2.1 Mobility Management

In this section, the need to measure the configured CC mainly for mobility management based on the existing measurement event evaluation mechanism such as A1, A2, A3, A5 and B2 is addressed. Configured CC may be activated or deactivated and RAN2 haven’t taken any decision on whether configuration and activation are separated.  So for now, we hope to discuss both cases; (a) where CCs are activated and (b) where it is configured but not active.  Should RAN2 decide that configured and active mean the same thing (i.e, all configured carriers are also active), then Case (b) does not need to be considered. 

Nokia: We would like to note that we also see that the definition of serving cell and whether there will be multiple of such is an issue that would need to be clarified. This is not currently reflected in the questions in this document, even though it has a large impact on how the measurements should be performed in practice.

Motorola: We agree with Nokia that the issue of one vs multiple serving cells is very important for measurements related to aggregation. The consequence of having multiple serving cells and current measurement event definitions is that there can be a multiplicative increase in the number of triggered events (as also noted by Potevio). This increase would add substantial complexity at the UE and should first be motivated. Also we should consider having a reference cell/carrier for measurements purposes may be beneficial so that not all combinations of the m*n events apply. We should also study which events are needed for inter-eNB mobility and which are needed for CC management.
2.1.1 Case (a): Configured CCs that are activated

Q1.1: Is it required to measure the configured CC that are activated for mobility management based on the existing measurement event evaluation mechanism such as A1, A2, A3, A5 and B2? Please also provide the reason.

	 Companies
	Need for each event

(A1, A2, A3, A5 and B2: Y/N)
	Reason

	Alcatel-Lucent
	Y
	As in [1], the usage of the measurement events are being evaluated from the mobility standpoint as follows:

Event A1: It may still be used to stop inter-frequency (inter-eNB mobility) and inter-RAT measurement.  Furthermore it may also be used for tracking the mobility of the UE among the configured-and-active CCs.
Event A2: It may still be used to start inter-frequency (for inter-eNB mobility and CC mobility between configured-and-active and not configured CCs) and inter-RAT measurement

Event A4:  Other than possibly being used in load balancing scenario, it may also be used for tracking the mobility of the UE into not configured CCs.
Event A3/A5: Other than possibly being used for inter-eNB mobility, A3 and A5 may also be used for mobility of the UE between configured-and-active CCs and not configured CC. 
Hence the existing events cover all aspects of mobility management. So the intra-frequency measurement definition should be extended to multiple configured (and active) CCs which do not require measurement gaps.

	Qualcomm
	
	Agree with ALU that for measurement reporting, the configured cells should be treated as serving. In addition to the reasons mentioned above, event A3 has an interference related role: 

Given that the UL interference environment can be different on different CCs, it is important for serving eNB to know when a UE is causing strong interference to a particular neighbour. Hence, event A3 should be allowed to be configured to determine when a neighbour is better than a  serving cell on a non-special configured CC.

	CATT
	
	Same opinion with Qualcomm, for mobility measurement, we can have multiple “serving cells” with each corresponding to one configured CC, and existing events can be applicable. 

	Huawei
	
	Agree with ALU that for the usage of measurement events. That means each event is needed.

	Ericsson, ST-Ericsson
	Y
	From our side, we think that all events are needed. However, it is not clear how events are generalized to carrier aggregation. This has to be studied in detail for each trigger. For example, in Rel-8 event A3 is used both for intra- and inter-frequency handover. Both use cases are also applicable for carrier aggregation, but may different generalization. 

	LGE
	Y
	Configured CC that are activated needs to be measured. We fails to find any existing event that is not applicable for carrier aggregation.

	ITRI
	Y
	We agree that all events are needed in CA. But the generalization of events to CA needs FFS. 

	Potevio
	
	From mobility management point of view, existing events are sufficient if we extend the “serving” to the configured CCs. When there are multiple configured CCs, each event will involve a many-to-many comparison, whose calculation complexity is o(m*n), some optimization scheme may be needed to reduce the complexity.

	Panasonic
	Y
	Agree with ALU, for the usage of measurement events. Hence, we think all existing measurement events are needed.

	Nokia
	Y
	Existing intra-/inter-frequency events are needed still. There is no clear difference between inter-frequency measurements in Rel’9 and measurements of CCs in Rel’10, so the event discussion will also be influenced by how serving cell is defined. 

The measurement requirements and whether UE is required to monitor a given carrier according to Rel’9-type of intra -frequency measurement requirements can not be decided by RAN2: The measurement requirements are decided by RAN4 and are also affected by UE capabilities and possibilities for power saving.

	RIM
	Y
	We agree that all the events listed above are needed and can be applied to each configured and activated CC. Some generalization of the events description may be needed.

	Intel 
	Y
	Agree with most comment above stating that existing events and measurements are needed and sufficient as baseline. Some CA specific optimization/generalization may be studied and may be considered if they show substantial benefit.

	Motorola
	
	The existing (Rel-9) events could be a starting point. However, given that we are discussing measurements for mobility management, it is difficult to see why the network needs event based measurements for every configured CC. As already noted this can lead to significant additional complexity due to a multiplicative increase in the number of triggered events.


Q1.2: Does the UE need to measure and report the events of every configured-and-active CC independently or only report when all the configured-and-active CCs meet the event criteria? Please also provide the reason.

	Companies
	Comments and Reasons

	Alcatel-Lucent
	UE should measure and report the events of every configured-and-active CC independently.  This will allow the eNB to evaluate the incoming events from different CC and make its own mobility control decisions.  As on the other hand, if the UE only reports when all the configured CCs meet the event criteria, this seems to go against the network control mechanism that we have used for measurement control in Rel-8.

	Qualcomm
	Independent configuration and reporting is needed for each configured CC, because of potential for different interference and propagation conditions.

	CATT
	Independent measurement and reporting for each configured CC is needed, however, we should not easily rule out the other choice before exploring its benefit,  i.e. it may be possible to use these two choices in a collaborative way.

	Huawei
	UE needs to measure on every configured-and-active CC.

From horizontal mobility standpoint, report based on comparison with one of the configured CCs is sufficient and simple, we have not seen the strong needs for independent report

	Ericsson, ST-Ericssson
	We think that that NW should be able to configure independent reporting of configured and active component carrier.

In addition it might be beneficial to have additional triggers when all configured component carriers meet the event criteria.

	LGE
	We think CC-independent trigger needs to be a baseline. In addition to this, we are not ruling out the possibility of identification of benefit to introduce ,e.g., a ‘combined’ trigger

	ITRI
	We agree that independent measurement and independent report are needed based on NW configuration. However, for some cases, e.g., Handover, integrated report may be more efficient. The trigger for integrated report may need FFS.

	Potevio
	Reporting for each configured-and-active CC should be independent. If the measurement reporting is triggered only when all the configured-and-active CCs meet the criteria, it is not flexible for CC configuration

	Panasonic
	We think that UE should measure for each configured-and-active CC independently. For reporting, we also think that individual reporting is needed. However, it will be beneficial to combine several measurement reports. This should be further considered.

	Nokia
	This has (for some reason) been talked about mostly in the activation/deactivation e-mail thread, even though it is mostly relevant for measurements. This is dependent on how the CCs are configured and also of UE capabilities.
Additionally It is already decided that there will be a separate measurement object for each CC, similarly as in Rel’9. Thus, independent reporting is already enabled by default since that is the Rel’9 operation.

A combined measurement reporting configuration could be included if benefits of such a reporting configuration can be justified. No studies of this have yet been given, but it may not be good to rule it out yet.

	RIM
	We think that independent configuration and reporting on each configured and activated CC are sufficient. Network should be able to decide whether to configure measurement reporting for some or all of the configured and activated CCs. 

The need to define ‘combined trigger’ for multiple CCs is not clear at this point.

	Intel 
	Independent Release 9 like configuration and measurement should e baseline. Need for combined triggers/measurements should not be ruled out at this point. 

	Motorola
	Rel-9 allows for independent reporting when multiple carriers are deployed. However, the need for reporting every configured and active CC should be discussed. What mobility related purpose do such measurements serve? Would the network handover algorithm now be based on radio conditions of multiple carriers?

Besides it cannot be guaranteed that the configured-and-active set before and after an inter-eNB handover will be the same. So simply reporting measurements of all configured-and-active CCs maybe wasteful. We would prefer to first consider mobility procedures based on an anchor carrier.


2.1.2 Case (b): Configured CCs that are not active
Q2: Is it required to measure the configured CC that are not activated for mobility management based on the existing measurement event evaluation mechanism such as A1, A2, A3, A5 and B2?  Please also provide the reason.

	 Companies
	Need for each event

(A1, A2, A3, A5 and B2:

Y/N)
	Reason

	Alcatel-Lucent
	Y
	There are 2 options here:

a. Treat the configured-but-not-active CCs like configured-and-active CCs where measurements per configured-but-not-active CC are still generated independently
b. Treat the configured-but-not-active CCs as though they are not configured (i.e. they are considered neighbour cells and required possibly measurement gaps)
If (a) can be achieved with low battery consumption, then we believe it will be easier to go with (a).

	Qualcomm
	
	Differences, if any, between active and not active carriers should be discussed in the “activation/deactivation” email discussion, and we prefer to focus here on the basic needs of the measurement subsystem with carrier aggregation.

	CATT
	
	Same opinion with Qualcomm. Currently with activation/deactivation unclear, we prefer to discuss measurement based on configured CCs.

	Huawei
	
	Same opinion with Qualcomm and CATT.

	Ericsson, ST-Ericsson
	
	It may be better to finalize this discussion after the activation/deactivation has been decided. 

In any case, we think that existing triggers should be available for non-active component carriers. The need for measurement gaps and the requirements on measurement accuracy are more of a RAN4 topic.

	LGE
	
	If we keep in mind that activation/deactivation discussion is still on-going, it would be better to focus on ‘configured’ CC

	ITRI
	
	We agree with Qualcomm, CATT and LGE.

	Potevio
	
	The discussion depends on the decision of the activation/deactivation. We had better consider this after the CC activation/deactivation discussion.

	Panasonic
	
	Same opinion with Qualcomm.

	Nokia
	
	The issue here is power saving and UE capabilities. The measurement requirements for measuring non-active CCs depend on UE capabilities, and RAN4 should be consulted on how often, how accurate and how many CCs a given UE can track. Also the power consumption requirements should be considered.

Finally, we agree with Ericsson that the outcome of the activation/deactivation e-mail thread should also be taken into account before deciding on how UE does measurements. If there will be no such thing as configured non-active CCs, this question will be meaningless.

	RIM
	
	We also prefer to focus the discussion on ‘configured CC” first.

	Intel
	
	Agree with Comments from Ericsson, Nokia and others on need to defer this decision till we decide on activation/deactivation issues. 


2.2 CC Management

In this section, the need of new event(s) on the addition and removal of the configuration of a CC is addressed. The possible new measurement events to activate and deactivate a UL or DL CC can also be discussed here. 

Q3: Are the existing measurement event evaluation criteria (i.e. Event A1, A2, A3, A4, A5, B1 and B2) sufficient to fulfil the addition and removal of the configuration of a CC?

	Companies
	Need for new event
(Y/N)
	Comments (if any)

	Alcatel-Lucent
	N
	We think the existing measurement event evaluation criteria are sufficient for CC Management.  CQI measurements are already provided in L1 to the eNB for configured-and-active DL CC.

	Qualcomm
	
	Existing events are sufficient, with the understanding that event “serving becomes worse than threshold” (A2) can be applicable to all the configured CC, and not restricted only the special cell. This is useful for removal/replacement of CCs of low quality.

It is also preferred for the network to be able to configure this event specifically for each configured CC with a separate measurement ID,

	CATT
	N
	Existing measurement events are sufficient for CC Management. Besides A2 used for removal of a CC configuration, A4 can be applicable to all non-configured CCs within the serving eNB for possible addition of CC configuration.

	Huawei
	
	Existing events are sufficient, e.g. event A2 can be applicable to all configured CCs for CC removal, event A4/A5 can be applicable to un-configured CCs for CC addition.

	Ericsson, ST-Ericsson
	
	Depending on how existing events are generalized to carrier aggregation, there may or may not be a need for additional triggers.

See also our response to Q1.2 (i.e. it may be beneficial to be able to configure independent triggering and combined triggering when all carriers meet the event criteria).

	LGE
	
	We prefer to use ‘trigger’ rather than ‘event’ if the former can be assumed to be more general
Carrier aggregation may still work only with existing events. However, we may have to consider that the number of report would be roughly proportional to the number of configured CCs. Then existing trigger may not be sufficient, and some new means to limit the number of measurement report can be further explored.  

On the other hand, it seems useful to indicate CC failure (from RLF context) to NW for better CC management 

	ITRI
	
	We agree that it depends on  how the existing events are generalized to CA. Basically, event A4 could be used to add a CC. Whether event A2 is sufficient to remove a CC, it is FFS.

	Potevio
	
	All the existing events are needed for mobility measurement reporting. However, simply extending the “serving” to the configured CC set may not be able to solve all measurement problems. There is possibility that the “special cell” will change among the “serving” cells, so some new schemes should be introduced

	Panasonic
	
	The existing measurement event evaluation criteria are sufficient since UE can evaluate per each CCs. 

If measurement reports are combined as stated in our comment to Q1.2, it may be better to change current structure of measurement configuration or format of measurement report. 

	Nokia
	
	This question is dependent on how the serving cell is defined: If there will be multiple serving cells, then yes, the existing events may be sufficient. If there is only a single serving cell, then a possible new event that might be useful to CC deactivation is “Neighbour becomes worse than threshold”, which does not exist currently. 

However, decisions of such events should wait until the questions of activation and handling of current Ax-events (e.g. single/multiple serving cell) and activation/deactivation e-mail thread are resolved.

Finally, we would like to note that whether the addition or deletion of CC from active CC set removes the CC configuration is not yet decided, nor is the issue of what would happen to the measurement object when this happens. This question should be addressed separately.

	RIM
	
	Existing events are sufficient for CC management, i.e. either addition or removal. Some generalization of the event description may be needed for CA.

	Intel
	
	The trigger for activation of carriers is also driven by type of service and required QoS  but which carrier to activate can use existing measurements schemes. It is too early to rule out benefit of additional measurement or triggers as optimization. 

	Motorola
	N
	CQI measurements along with some subset of existing measurement events should be enough for CC management. The subset should be FFS at this stage.


Q4. If not sufficient, what new events are required?

	Companies
	Proposed new events

	LGE
	Measurement report is triggered upon failure of CC(s) to assist CC management

	Intel
	Agree with LGE that special provisions and tiggers for UE requested carrier activation may be considered. 


3 Summary and proposed way forward

3.1 Summary

On the first question of whether the configured CC (and active) is required to measure for mobility management based on the existing measurement event evaluation mechanism such as A1, A2, A3, A5 and B2, most companies agree that the existing events are all needed for the configured (and active) CCs.  Hence, this implies that we should be able to extend the current definition of intra-frequency measurement to configured (and active) CCs/cells and also agrees that the existing events are applicable also to CA but how they are used (single or multiple serving cells) needs to be discussed further.  

However, some concerns were raised:

· How the existing events generalised to CA for mobility and CC management is yet to be discussed

· If intra-frequency measurement definition is extended to multiple serving cells, it may incur implicit measurement requirement to RAN 4.  
· Also when there are multiple configured (and active) CCs, each event will involve a many-to-many comparison, whose calculation complexity is o(m*n), some optimization scheme may be needed to reduce the complexity.
· The need for applying all measurements to all component carriers needs to be studied 

An additional question is prompted by 1 company on whether the UE needs to measure and report the events of every configured-and-active CC independently or only report when all the configured-and-active CCs meet the event criteria.  Most of the companies feel that independent configuration and reporting is needed for each configured CC and should be the baseline but combined triggers/measurements should not be ruled out at this time.
On the second question of whether the configured but deactivated CC needs to perform measurement.  All companies would prefer to defer making decision till RAN 2 decide on whether there will be activation/deactivation of CC.

On the last question of whether the existing measurement event evaluation criteria (i.e. Event A1, A2, A3, A4, A5, B1 and B2) is sufficient to fulfil the addition and removal of the configuration of a CC, most of the companies think that the existing measurement event evaluation mechanism is applicable for CC management but how they can be generalised for CA need to be discussed further.
3.2 Proposed way forward

We think it is probably ok to propose the follow based on the discussion:

Proposal#1: The UE shall be able to perform measurements on configured-and-active CCs as intra-frequency measurements (i.e. without the need for gaps).
If Proposal#1 is agreed, it needs to be verified with RAN 4.
Proposal#2: The existing measurement events are applicable also for CA for mobility management but how they are used (single or multiple serving cells) needs to be discussed further.
Proposal#3: Independent configuration and reporting is needed for each configured CC and should be the baseline but combined triggers/measurement reports should not be ruled out at this time.
Proposal#4:  The existing measurement event evaluation mechanism is applicable for CC management but additional event/measurement should not be ruled out.
The following concerns are also raised in the email discussion:

· How the existing events generalised to CA for mobility and CC management is yet to be discussed.

· Whether the measurement concept can be extended from one serving cell to multiple serving cells needs to be discussed:
· If intra-frequency measurement definition is extended to multiple serving cells, it may incur implicit measurement requirement to RAN 4.  

· Also when there are multiple configured (and active) CCs, each event will involve a many-to-many comparison, whose calculation complexity is o(m*n), some optimization scheme may be needed to reduce the complexity.
· The need for applying all measurements to all component carriers needs to be studied
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