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Discussion and decision
1 Introduction

This document is used as part of the e-mail discussion aiming to progress the discussion on the terminologies of carrier  aggregation. Following aspects are part of this e-mail discussion (67#35)
· Q1. what would be a serving cell ? (only security, transport, SI reading,..)

· Q2. do we have 1 serving cell or multiple serving cells ?

· Q3. How to model carrier aggregation?

· serving cell(s) with the rest being UL/DL resources; or 

· serving cell(s), 0.., n other cells; or 
· serving cell(s), 0..n other cells, one or more UL/DL resources
Summaries are provided per topic and in the conclusion section, listing both the agreements reached as well as the issues requiring further discussion. Since the third question could be answered after the discussion on carrier types is settled down, it is proposed to focus on the first two questions.
2 Discussion
2.1 What would be a serving cell?
In REL-8 LTE, a serving cell provides followings for a connected UE:
1. Security input (e.g. PCI)

2. NAS level mobility information (e.g. Tracking Area Code, ECGI)
3. Measured result for event evaluation

4. Link quality monitoring for T310 handling
5. Paging
6. System information reading
Probably discussing the last four would be premature at this point of time. If we only focus on the security input and NAS level mobility information, the first question could be simplified like below.

Q1. Whether serving cell(s) provide the security input and NAS level mobility information?

Table 2.1 captures company position on the question. Companies are invited to provide the opinion.

<Table 2.1>

	Q1. Does serving cell(s) provide the security input and NAS level mobility information?

	Company
	Comments
	Position

	Samsung
	· Do not see any other alternatives 
	YES

	Nokia & NSN
	· The serving cell is the cell the UE selects or is directed to and on which the RACH procedure is performed on transition from idle, handover or recovery from RLF.
	Yes

	CATT
	· UE should monitoring the paging and system information update  on  the serving cell. 
	Yes

	Ericsson
	· One cell shall provide the security input and NAS mobility info. We can call this cell the serving cell for now.
	Yes

	ZTE
	· The serving cell(s) provide the security input and NAS level mobility information. If there are multiple serving cells, only one serving cell such as “primary serving cell” provides parameter for security input and NAS level mobility information.
	Yes

	RIM
	· From the perspective of security input and NAS level mobility information, one of the component carriers assigned to the UE is designated as the serving cell.
	Yes

	NEC
	· Serving Cell shall provide the security parameters and NAS Mobility info to the UE. 
	Yes

	Alcatel-Lucent
	· We also agree that the security input (PCI for key derivation where relevant) will be provided by a single serving cell.  We are unsure about NAS mobility at this time. But we think we should have a clear definition of the serving cell; for example, is the converse  (that the only characteristic of the serving cell is the security PCI) true?
	Yes/No

	CMCC
	· The connected UEs obtaining the security input and NAS level mobility information through one serving cell is reasonable. A UE should select the cell on which it performs random access as the serving cell and it is also possible for a connected UE to change the serving cell among the aggregated carrier sets.
	Yes

	Qualcomm
	· Agree with Ericsson that one cell shall provide security input and NAS mobility info. This cell can be designated as the “primary serving cell”. 
	

	Sharp
	· Agree with Ericsson/QC that one cell shall provide security input and NAS mobility info. However, this cell may only provide one service within all services if this cell is out of sync or deactivated. Then, “security and NAS providing cell” can be better wording.
	

	Panasonic
	· Regarding security input and NAS level mobility information we agree that this information is provided by the serving cell.
	Yes

	MediaTek
	· We think it is reasonable to provide security information and NAS mobility by serving cell. 
	Yes

	LG
	· Security parameter and NAS system information is derived from serving cell. 
	Yes

	Potevio
	· Serving Cell shall provide the security parameters and NAS Mobility info to the UE, and we also think it implies that random access and the RRC procedures are performed between the serving cell and the UE, such as broadcasting receiving, HO, paging, and RRC connection re-establishment. 
	Yes

	Deutsche Telekom
	· One single serving cell for Security input, NAS, Paging, System Information. The serving cell is not necessarily the one where the idle-active tranisition happened. Control which cell is the serving cell is under full network control (redirection, HO, etc)
	Yes

	Huawei
	· For idle->ative transition, RLF recovery and vertical HO operation between different aggregate-able CC sets, the serving cell can be viewed as the one in which RACH procedure is performed. And it can provide security input and NAS mobility info. here.

· When serving cell change happens within an aggregate-able CC set, the serving cell should be considered as the cell with paging, system information update functionality and NAS level mobility information other than security input to avoid unnecessary L2 reset..
	


2.2 Do we have 1 serving cell or multiple serving cells?
Since UE is connected to multiple cells, a general question is which cells is the serving cell. Two alternatives could be considered. If any company has any other alternative, please add it below.

Alternative 1: One serving cell. The cell that provides security input and NAS mobility information is the serving cell. 

Alternative 2: Multiple serving cells. Only one cell out of serving cells provides security input and NAS mobility information.

Technical aspects on two alternatives has not been discussed yet, thus it is requested to provide pros/cons of each alternative as well as the position.
<Table 2.2> 

	One serving cell or multiple serving cells?

	Company
	Comments
	Position

	Samsung
	· If we go for ‘one serving cell’, 

· the REL-8 procedures involving serving cell can be reused. 

· Probably, some companies would want to enhance the mobility procedure and radio link monitoring procedure. Then we need to modifiy relevant procedures to take non-serving-but- connected cells into account. 

·  If we go for ‘multiple serving cells’,

· Number of REL-8 procedures need to be modified to reflect the multiple serving cell concept.

· In Kenb delivery procedure, It should be specified which cell out of multiple serving cells provides the necessary input

· In TA update procedure, It should be specified which cell out of multiple serving cells provides the NAS level mobility info

· In RRC connection re-establishment procedure, it should be specified which cell out of multiple serving cells provides the necessary input for e.g. MAC-I calculation.

· Enhancing mobility procedure and radio link monitoring procedure would be a bit easier. However modification still is required.

· The concept of comparing Ms (measured result of serving cell) and Mn (measured result of neighboring cell) can be kept.

· The definition of Ms should be refined. It was the measured result of a single cell. In the multiple serving cell model, it should be updated accordingly. 

· From above, we assume the benefit of the ‘multiple serving cells’ is a bit easier mobility enhancement. We don’t see this is a significant benefit  because (besides that it is not certain yet whether enhancement is necessary or not) mobility enhancement is possible in alternative 1 as well with little additional effort. 

· On the otherhand, the impact to the existing specification caused from ‘multiple serving cells’ seems severe.
	One serving cell

	Nokia & NSN
	We need to differentiate RRC procedures, which requires one cell to which the UE is connected (one ECGI, one PCI, one ARFCN for security and mobility), from the resource pool available to exchange messages. Regardless of CA, RRC connection establishemt should anyway be performed on one cell only and current RRC procedure should be reused, making that cell, the serving one. Only after that, can other CCs be added without impacting the serving cell.
	One serving cell

	CATT
	If UE only see one serving cell, some RRC procedures are common with REL-8. The compatibility is good.
But some procedures should be studied further, such as RLF, handover in aggregated carriers, measurement etc. 
	One serving cell

	Ericsson
	One cell shall provide the security input and NAS mobility info. We can call this cell the serving cell for now. 
Further, we think that Rel-10 UEs should have the possibility to handle measurements on other carriers as intra-frequency measurements. So we may also need to also discuss updating the definitions of measurements at one point.
	One serving cell

	ZTE
	If coverage or propagation characteristic of carriers from the same eNodeB is different, the measurement results of them may be different. Because measurement comparision is based upon serving cell, there is no measurement comparision directly between resource carriers for alternative 1. For example, an eNodeB owns 3 carriers F1/F2/F3. UE is using F1 and F2 and F1 is the serving cell. When the signal quality of F3 is better than F2, there is no measurement scheme to cover it and the UE can not report this situation. While for alternative 2, UE can measure all serving cells, so there is directly measurement comparision between serving cells. Then “multi serving cells” could provide more measurement results than “one serving cell” which leads to better carrier selection and handover performance. So we support “mutiple serving cells”. 

Just as Samsung analysed above, one out of multiple serving cells should be selected to provide ECGI\PCI\ARFCN for security and NAS level mobility information. We can define this serving cell as “primary serving cell” which provides these parameters.
	multiple serving cell，and  one “primary serving cell” 

	RIM
	As defined in Q1, serving cell is defined from the perpective of security input and NAS level mobility information. There is no need to define multiple serving cell(s). Other aspects such as measurement procedure for mobility and RLF can be defined for multiple component carriers if needed, but does not necessary require a UE having multiple serving cell(s).
	One serving cell

	NEC
	RRC connection establishemt should always be performed on serving cell. Additional Carrier components can be added or removed after the RRC conection based on the UE activity.  However we think that definion of intra and inter frequency measurements needs to be modified for Rel 10 and mobility procedures needs further study with aggregated carriers. 
	One serving cell

	Alcatel-Lucent
	The concept of serving cell as above implies that there can only be 1 serving cell.  But this also depends on the definition of serving cell and what other purposes it is used for.  But for now, since serving cell is used for only security PCI (and possibily NAS mobility), we agree that there should only be 1 serving cell.
	One serving cell

	CMCC
	The main function of the serving cell is to provide at least the security input and NAS mobility information. From this viewpoint, we think a UE could just keep one serving cell. However, whether reusing other Rel-8 procedures involving serving cell needs FFS. For instance, the measurement-related procedure and changing the serving cell among the CC sets should be optimized in the multi-carrier scenario. We think the discussion of one or more serving cells is more a  terminology issue and both of the two alternatives could reach the similar system performance by correspoding optimizations.
	One serving cell

	Qualcomm
	It will be misleading to call a cell that is sending packets to the UE as something other than a serving cell. We should define a primary serving cell that performs certain special functions such as security, and other FFS functions. Other cells are secondary serving cells, where secondary conveys that they only provide some aspects of service. 
	One primary serving cell, and zero or more secondary serving cells.

	Sharp
	The serving cell may only provide one service within all services if the cell which provides security and NAS service is out of sync or deactivated. It is a bit strange that only one function is performed at a serving cell and other function is performed at DL/UL resource. Then, we think that each function should be assinged to one of serving cells or all serving cells. 
	Multiple serving cells, and each function providing cell within serving cells

	Panasonic
	From carrier aggregation perspecitve, one serving cell should be sufficient. If only one carrier is the serving cell, UE can use the same procedures as LTE for e.g. security key handling.

For the measurement aspect further discussion is needed wether to have the possibility of measurement event triggers from non-serving cells. 
	One serving cell

	MediaTek
	Agree with CATT’s and Samsung’s comments. “Multiple serving cells” may make RRC procedures complicated.

Having multiple serving cell actually leads the management of carrier aggregation to be very similar to soft handover. It will be easier from mobility management perspective but will bring some confusion to RRC operations because a single physical eNB becomes multiple logical cells.

In order to backward compatible and best reuse of Rel-8 UE camp on procedure, serving cell should be the one that UE complete camp on procedure.
	One serving cell

	LG
	Alt 1 and Alt 2 have implicitly assume different definitions for “Serving Cell’. Or, at least there seems different kinds of ‘serving cells’ for alt.2. 

Our view is that all configured carriers in total constitutes a single serving cell, because this will introduce minimal impact to Rel-8 procedures. However, this may depend on when a serving cell is considered as being changed. Anyway, one serving cell seems enough.
	One Serving Cell

	Potevio
	From UE perspective, there is only one serving cell, and the other CCs can be  taken as the UL/DL resource. From the measurement aspect, other CCs can be seen as cells, if they unique cell IDs. 
	One serving cell

	Deutsche Telekom
	
	Only one serving cell

	Huawei
	As PDCP/RLC can’t see carrier aggregation, if we consider either alt1 or alt2 for security and NAS mobiltiy description, does it mean that the change of the serving cell within all aggregate-able CCs will cause unnecessary L2 reset. We think that there is no need to change the kenb if there is a reconfiguration of the UE as long as that reconfiguration occurs within a set of aggregate-able CCs under the control of one eNB.
	One serving cell, but it’s not necessary related to security input.


2.3 How to model carrier aggregation?

Because UE can be configured with multiple carriers each of which can corresponds to a cell, UE with multiple carriers could be modelled in 3 different ways:

· Alternative 1: serving cell(s) with the rest being UL/DL resources; 

· Alternative 2: serving cell(s), 0.., n other cells; 

· Alternative 3: serving cell(s), 0..n other cells, one or more UL/DL resources.
If UE is configured with m carriers, in alternative 1 UE has k serving cells and (m-k) resources. In alternative 2 UE has k serving cells and (m-k) other cells. In alternative 3, UE has k serving cells, j other cells and (m-k-j) resources.

<Table 2.3> 

	Company
	Comments
	Position

	Samsung
	· Depending on the discussion on extension carrier type, alternative 2 could be impossible. Even though samsung believes that extension carrier is not needed, it seems safe to not select alternative 2.

· Alternative 3 seems to introduce unnecessary complexity without clear motiviation. 

· Thus we prefer alternative 1. 
	Alternative 1

	Nokia & NSN
	Assuming there is always one serving cell, it does not really matter whether the additional resources provided by carrier aggregation are part of a cell, a non-backward compatible carrier or simply UL/DL resources from a carrier where non camping is possible.
	Alt.1

	CATT
	The resources is appropriate for all carrier types, So we prefer alternative 1.
	Alternative 1

	Ericsson
	Pending RAN1 discussions it is not clear that all configured carriers can fulfill the definition of cells; therefore alternative 2 is not preferred at this stage (as pointed out by Samsung). Alternative 1 seems to be the most promising at this stage, for reasons similar as those listed by Samsung. 
	Alternative 1

	ZTE
	If an extension carrier is regarded as a cell, definintion of RRC procedure is needed for this kind of cell. For simplicity, it seems alternative 1 is the better choice.
	Alt.1

multiple serving cell，and one “primary serving cell”

	RIM
	From the UE perspective, the need for defining other component carriers as other cell(s) in addition to the serving cell, is not clear. Further discussion is required for mobility measurement, RLF detection, DRX, and SI acquisition across multiple component carriers, before we consider whether other component carriers should be defined as cells. We suggest to assume Alt 1 for now until further discussion is carried out on these other aspects.
	Alternative 1

	NEC
	We prefer to go with Alternative 1 as this seems to be simplest of all the options avaialble. 
	Alternative 1

	Alcatel-Lucent
	We think it is sufficient to start with Alt.1 for now and can consider Alt.2 if a need is identified for the cell concept in the future .  
	Alt. 1

	CMCC
	Alternative 1 is always applicable ragardless of other aggregated carriers being cells or not (we don’t think that extension carrier can be treated as a cell). From network perspective, one site may have multiple cells (each backward compatible or non-backward compatible carrier can be considered as a cell). From UE perspective, only one cell should be maintained by UE and other aggregated carriers should be defined as resources. In addition, if a UE treats other carriers as extra resources, maybe the system information acquiring could be optimized.
	Alternative 1

	Qualcomm
	Alternative 3 can be modified to define one primary serving cell and zero or more secondary serving cells. There seems to be consensus already that one cell will have some special status regarding security and NAS, and this the one that should be designated as primary serving cell.

As discussion on functionalities continues, we hope this terminology is general enough to allow various functionalities to be assigned to either primary serving cell only or to all serving cells (e.g. functionalities 3, 4, 6 in section 2).
	Alternative 3 (somewhat modified version).

	Sharp
	Extension carrier should be UL/DL resources according to the current definition. We should care about the difference between cells and UL/DL resources because UE procedure in each carreir may be differerent and SI does not exist in extension carrier. Then we prefer alternative 3. 
We believe that extension carrier as UL/DL resource is not needed. If such a extension carrier does not exist, alternative 2 is much simpler.
If we go for multiple serving cells, “other cells” does not exist. Then if UL/DL resource does not exist, only seving cell(s) is defined. 

Thus, alternative 3 can be simplifid more following the progress of other issues.
	Alternative 3 (Cell is distiguished from UL/DL resouces)



	Panasonic
	Alternative 1 is ok from RRC design perspective.

We understand that the modelling here is only for the data handling perspective of the UE. For the measurement aspects a different modelling might be needed, in order to allow apppropriate  HO behavior, addition and removal of component carriers, etc.
	Alternative 1

	MediaTek
	Alternative 1 is preferred. Only one serving cell is used for cell camping and other RRC procedures. The other UL/DL carriers are for data transmission purposes.

Under the one serving cell definition, we can utilize some termonologies to properly describe the carrier aggregation operations. For example, one serving cell can include one primary (or called anchor) carrier and multiple secondary carriers. Following the current Rel-8 RRC procedures, eNB can send carrier activation command via primary carrier to UE to enable carrier aggregation operation. 
	Alternative 1

	LG
	Switching serving cell within activated carriers may introduce unnecessary signalling and complexity. This can be prevented by minimizing the number of cells while a UE is in RRC Connected. Thus, our preference is that the aggregation of configured carriers is defined as a serving cell. 

However, the other DL/UL carriers of alt.1 can be considered as supporing/belong to serving cell. In this sense, we are also OK with alternative 1.  
	Alternative 1

	Potevio
	Depending on the consideration of Q2, we think there is only one serving cell for the UE. And the other CCs can be seen as DL/UL resources during the data transmission/reception procedure, or as the other cells during the procedure of measurement or HO.
We prefer Alternative 1 duing the data transmission/reception procdure, and Alternative 2 during measurement or HO.
	Alternative 1 or Alternative 2 

	Deutsche Telekom
	1 serving cell + rest extension carrier(s) (UL/DL ressources).
	Alternative 1

	Huawei
	Generally, extension carrier can be viewed as resource. Since both backward compatible carrier and non-backward compatible carrier are stand-alone, they have cell characterstic, and either of them can be chose as a serving cell. Of course, the backward compatible carrier and non-backward compatible carrier can be viewed as resource too.

Based on aboved analysis, alt.2 is preclude without considering extension carrier resources.

For alt.3, we think that the backward and non-backward carrier can’t be set as serving cell should be model as cell, and the agrregated carrier set not necessary include the extension carrier. So, the one or more UL/DL resource in this alt. can’t well model this scenario.

So, we think alt1 is feasible.
	Alt.1


3 Conclusion & recommendation

Regarding the definition of serving cell, 13 companies support that serving cell provides security input and NAS mobility information. One company agree to the security input but not sure about the relevance between NAS mobility info and serving cell. Another company commented that the security input is basically provided by the serving cell but in some cases it can be provided by non serving cell to avoid unnecessary L2 reset.

Given that considerable majority support that serving cell provides both security input and NAS mobility information, it is proposed to make it as an working assumption. However it does not exclude further enhancement or clarification.

Regarding ‘one serving cell vs. multiple serving cell’, the company positions could be summarized as below.

· 14 companies support one serving cell concept

· 3 companies supports multiple serving cell concept.

· 2 companies also propose one primary serving cell and other serving cell concept.

It has been pointed out that if we have only one serving cell premature RLF or unnecessary vertical handover can occur. Other companies argued that the problem can be solved under the one serving cell concept as well. Given that considerable majority support one serving cell concept and that the concern on one serving cell concept could be resolved somehow, it is proposed to make one serving cell as an working assumption and to leave the room for revisit if considerable motivation for multiple serving cell concept is found during the course of discussion on RLF/measurement.
Regarding serving cell modeling, the company positions could be summarized as below.

· 14 companies support ‘Alternative 1. serving cell(s) with the rest being UL/DL resources’
· 2 companies support ‘Alternative 3: serving cell(s), 0..n other cells, one or more UL/DL resources’
· One company supports either alternative 1 or alternative 2.
Given that considerable majority support alternative 1, it may be possible to have the alternative 1 as an working assumption. Furthermore, if one serving cell concept is agreed as an working assumption, it would be better to remove the possibility of plural serving cells in the alternative 1. 
As a summary, following way-forwards are proposed.
Proposed working assumptions

· Serving cell provides the security input and the NAS mobility info

· There is one serving cell per connencted UE

· UE is connected to a serving cell and possibly multple DL/UL resources
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