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1 Introduction 
At RAN2 #67 meeting, following consensus has been reached on LTE-A cell：
-
A cell corresponds to a transmission in only one backward compatible or non-backward compatible carrier. 

-
A cell is identified by a unique ECGI.

And there is a heated discussion about whether there is one serving cell or multiple serving cells for LTE-A UE in connected state.

Alternative 1: Though there is multiple backward and non-backward compatible component carriers, UE only regards one of them as serving cell, and other carriers as resources;

Alternative 2: UE regards all its using backward and non-backward compatible component carriers as serving cells, so there are multiple serving cells for a connected LTE-A UE. 

This paper provides our analysis of the different impacts on RRC procedure of these two alternatives.
2 Discussion
2.1
System Information acquisition and updating
As legacy LTE system, UE should acquire system information broadcasted on serving cell. It is reasonable that connected LTE-A UE should acquire system information of all serving cells for alternative 2 but system information of the only serving cell for alternative 1.

Then how does UE acquires the system information the resource carrier for alternative 1? There are two options: option 1. UE acquires the system information broadcasted on resource carrier; option 2. eNodeB informs UE the resource carrier information using dedicated signaling [1]. Option 1 needs more efforts in TS 36.331 for connected LTE-A UE to read SIB from resource carrier. If using option 2, when system information such as MIB/SIB1/SIB2 of resource carrier is updated, eNodeB need to inform every connected LTE-A UE the updated system information. This may result in high signaling load. So it seems UE should acquire system information broadcasted on resource carrier.
Conclusion 1: UE should acquire system information broadcasted on resource carrier for alternative 1.
2.2
C-RNTI
In principle, each cell allocates a C-RNTI for a UE. There is one C-RNTI for a UE in alternative 1 because there is only one serving cell, while a UE has multiple C-RNTIs of each serving cell in alternative 2. 

Allocation of C-RNTI for each carrier may bring some flexibility but result in adding some decoding complexity to the UE. If there is no major benefits from allocating multiple C-RNTIs, UE can use the same C-RNTI for all serving cells for alternative 2 [2]. 

Conclusion 2: Alternative 2 has more flexibility than alternative 1 in C-RNTI allocation.

2.3
RRC connection establishment/release/re-establishment
As legacy LTE system, UE only camps on one cell in idle state, so RRC connection is established on one cell. When RRC connection is released, UE enters into idle state and selects one cell to camp on. So there is no difference for RRC connection establishment and release of these two alternatives.

ReestabUE-Identity is used in RRC connection re-establishment request message. There is one ReestabUE-Identity in alternative 1 while multiple ReestabUE-Identitys in alternative 2 because of multiple serving cells. It needs to select one out of multiple serving cells in RRC re-establish procedure as input for ReestabUE-Identity.

Conclusion 3: Alternative 2 should select one out of multiple serving cells in RRC re-establish procedure as input for ReestabUE-Identity.

2.4
Random access procedure
It is assumed that random access procedure performs on serving cell. 

Alternative 1 based on initial TA of different carrier is same. And alternative 2 could have different TA for different CCs. If TA of different carriers is same, Uplink synchronization of all carriers can be achieved by random access procedure only on one carrier. Alternative 1 can use the serving cell to perform the random access procedure, and Alternative 2 needs to select one out of the multiple serving cells to perform the random access procedure. 

If TA of different carriers is not the same, UE should perform the random access procedure on each serving cell for alternative 2. But for alternative 1 UE needs to perform random access procedure on resource carrier which needs to modify TS to include this. In conclusion:

Conclusion 4: If TA are same between carriers, alternative 2 needs to select one out of the multiple serving cells to perform the random access procedure; If TA are not same, alternative 1 needs to perform random access procedure on resource carrier which needs to modify TS to include this. 

2.5
Measurement
As legacy LTE system, measurement comparison is based upon serving cell, such as “Serving becomes better than threshold”. 

There are two kinds of scenarios: 

Scenario 1, all carriers of has the same coverage and propagation characteristic; 

Scenario 2, coverage or propagation characteristic is different between carriers

For scenario 1, the radio condition of resource carrier(s) is similar to the serving cell, so UE could only perform measurement on serving cell for alternative 1 and one serving cell is selected to perform measurement for alternative 2.

For scenario 2, measurement is based upon serving cell, so there is no measurement comparison 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. This may result in inefficiently management of component carriers in the eNB. Besides, once F1 is better than S-measure, the UE does not measure F2 even if F2 is getting worse. While for alternative 2, measurement comparison to any serving cell can be configured, so there is directly comparison between serving cells. Then alternative 2 could provide measurement results for multiple carriers than alternative 1 which leads to better carrier selection and handover performance. Measurement comparison based on “resource carrier” should be added in 36.331 if alternative 1 wants to have equal performance with alternative 2. So we conclude:
Conclusion 5: Alternative 2 could provide more measurement results for multiple carriers than alternative 1 which leads to better carrier selection and handover performance, while it should be pointed out which serving cell is selected for measurement comparison for alternative 2.

2.6
Carrier Addition/Modification/Deletion
For carrier addition, adding a CC means adding a cell which includes more configurations (e.g. measurement configuration, paging) for alternative 2 than adding a resource CC for alternative 1. 

For carrier modification, serving cell is modified by handover procedure for alternative 1. While for alternative 2, reconfiguration procedure which does not reset MAC and re-establish RLC/PDCP can be used to modify one serving cell of UE. 

Carrier deletion may have no difference between these two alternatives. So:

Conclusion 6: Alternative 2 includes more configuration than alternative 1 in carrier addition, while alternative 1 impact MAC/RLC/PDCP more than alternative 2 if serving cell is modified. 
2.7
Inter-eNodeB handover
At RAN2 #66bis meeting, it is concluded that: We assume it shall be possible at intra-LTE handover to configure multiple CCs in the “handover command” for usage after the handover. It means that the information of multiple CCs is included in handover request and handover request acknowledge. Alternative 1 and alternative 2 both need to select one carrier for KeNB* calculation. For alternative 2, there may be multiple source serving cells in an eNodeB for UE during handover, so one out of multiple source serving cell should be selected for handover preparation routing. We can conclude:

Conclusion 7: Alternative 1 and alternative 2 both need to select one carrier for KeNB* calculation, and one out of multiple source serving cell should be selected for handover preparation routing for alternative 2.

2.8
Radio Link Failure
According to 36.331, LTE UE triggers radio link failure when detected

> Upon T310 expiry; or

> Upon random access problem indication from MAC while neither T300, T301, T304 nor T311 is running; or

> Upon indication from RLC that the maximum number of retransmissions has been reached.

Because there is only one RLC, once LTE-A UE detects indication from RLC that the maximum number of retransmissions has been reached, LTE-A UE shall consider radio link failure for both alternatives.

As legacy LTE system, only serving cell has random access and detects radio link problem. We can not avoid radio link problem occurs in resource carrier for alternative 1, and then radio link detection on resource carrier needs to be added in TS. 

And if radio link problem occurs in serving cell for alternative 1, UE initiates RRC connection re-establishment or handover for changing serving cell. While for alternative 2, UE or eNodeB can delete this serving cell instead of initiating RRC connection re-establishment or handover.

Conclusion 8: Alternative 1 needs add radio link detection on resource carrier in TS. UE initiates RRC connection re-establishment or handover for changing serving cell for alternative 1 while deletes this serving cell for alternative 2 when serving cell occurred radio link problem. 

2.9
Security and NAS level mobility information
The parameters of serving cell such as PCI, ARFCN and ECGI are used as inputs for security algorithm and NAS level mobility information for alternative 1. 

Because there are multiple serving cells for alternative 2, one out of the multiple serving cells should be selected to provide parameters for security algorithm and NAS level mobility information.

Conclusion 9: One out of multiple serving cells should be selected to provide parameters for security algorithm and NAS level mobility information for alternative 2.

2.10
Summary
Table below lists the comparison of one serving cell and multiple serving cells:

	
	Alt 1: One serving cell
	Alt 2: Multiple serving cells

	System Information acquisition and updating
	Assumption: UE acquires system information broadcasted on the only one serving cell.

Impacts: It needs to modify TS on resource carrier system information acquisition and updating.
	Assumption: UE acquires system information broadcasted on multiple serving cells.

Impacts: It has no impacts on TS

	C-RNTI
	One C-RNTI
	One C-RNTI or multiple C-RNTI.

Pros: It has more flexibility than alternative 1 in C-RNTI allocation

	RRC connection establishment/release/re-establishment
	It has no impacts on TS
	Cons: It needs to select one out of multiple serving cells in RRC re-establish procedure as input for ReestabUE-Identity.

	Random access procedure
	Assumption: one RACH

Cons: if TA are not same between carriers, alternative 1 needs to perform random access procedure on resource carrier which needs to modify TS to include this
	Assumption: multiple RACHs

Cons: if TA are same between carriers, alternative 2 should select one out of the multiple serving cells to perform the random access procedure

	Measurement
	Assumption: measurement compared to the only one serving cell 
Cons: Measurement comparison based on “resource carrier” needs to be added in 36.331 if alternative 1 wants to have equal performance with alternative 2
	Assumption: measurement compared to multiple serving cell

Pros: alternative 2 could provide more measurement results than alternative 1 which leads to better carrier selection and handover performance.

Cons: it should be pointed out which serving cell is selected for measurement comparison

	Carrier Addition/Modification/Deletion
	Cons: alternative 1 impacts MAC/RLC/PDCP more than alternative 2 if serving cell is modified
	Cons: alternative 2 includes more configuration than alternative 1 in carrier addition

	Inter-eNodeB handover
	select one target carrier for KeNB* calculation
	select one target cell for KeNB* calculation, which is same with Alt.1

One out of multiple source serving cell should be selected for handover prepare routing for alternative 2

	Radio Link Failure
	Alternative 1 needs add radio link detection on resource carrier in TS

UE initiates RRC connection re-establishment or handover for changing serving cell for alternative 1 when serving cell occurred radio link problem
	When one out of multiple serving cells occur radio link problem, UE or eNodeB deletes that serving cell instead of initiating RRC connection re-establishment. 

	Security and NAS level mobility information
	It has no impacts on TS
	Cons: one of multiple serving cells should be selected to provide parameters for security and NAS level mobility information


We can summarize that: If we choose alternative 1, we need define RRC procedure about system acquisition and updating, random access, measurement, radio link failure for resource carrier; if we choose alternative 2, we need select one out of multiple serving cells to provide parameters such as PCI, ARFCN, ECGI and perform random access or measurement in some case. We can introduce one “primary serving cell” out of multiple serving cells for alternative 2 which provide parameters (e.g. PCI, ARFCN, ECGI, and C-RNTI) and perform random access or measurement.

Comparison between “One serving cell” and “Multiple serving cells and one primary serving cell” is listed in the table below. 

	
	Alt 1: One serving cell
	Alt 2: Multiple serving cells and one “primary serving cell”

	System Information acquisition and updating
	Assumption: UE acquires system information broadcasted on the only one serving cell.

Impacts: It needs to modify TS on resource carrier system information acquisition and updating.
	It has no impacts on TS

	C-RNTI
	One C-RNTI
	UE uses one C-RNTI of “primary serving cell” or multiple C-RNTI of each CC.

	RRC connection establishment/release/re-establishment
	It has no impacts on TS
	Using “primary serving cell” ReestabUE-Identity in RRC re-establish procedure.

	Random access procedure
	Assumption: one RACH

Cons: if TAs are not same between carriers, alternative 1 needs to perform random access procedure on resource carrier which needs to modify TS to include this
	if TAs are same between carriers, UE only perform random access procedure on “primary serving cell”

	Measurement
	Assumption: measurement compared to the only one serving cell 
Measurement comparison based on “resource carrier” needs to be added in 36.331 if alternative 1 wants to have equal performance with alternative 2
	it should be pointed out which serving cell is selected for measurement comparison
if coverage or propagation characteristic is same between carriers, UE only perform measurement comparing to “primary serving cell”

	Carrier Addition/Modification/Deletion
	Cons: alternative 1 impacts MAC/RLC /PDCP more than alternative 2 if serving cell is modified
	Cons: alternative 2 includes more configuration than alternative 1 in carrier addition

	Inter-eNodeB handover
	select one target carrier for KeNB* calculation
	Select a target “primary serving cell” which provides parameters for KeNB* calculation, which is same with Alt.1

“primary serving cell” provides parameters for handover preparation routing for alternative 2

	Radio Link Failure
	Alternative 1 needs add radio link detection on resource carrier in TS

UE initiates RRC connection re-establishment or handover for changing serving cell for alternative 1 when serving cell occurred radio link problem
	When one out of multiple serving cells occur radio link problem, UE or eNodeB deletes that serving cell instead of initiating RRC connection re-establishment.



	Security and NAS level mobility information
	It has no impacts on TS
	“primary serving cell” provides parameters for security and NAS level mobility information


For alternative 2, the “primary serving cell” needs to be defined in TS which provides parameters (e.g. PCI, ARFCN, ECGI, and C-RNTI) and performs random access or measurement in some case. And the other modification is trivial as listed in above table. It seems “multiple serving cells and one primary serving cell” will introduce less modification than “One serving cell”. So we propose:

Proposal: there are multiple serving cells for a connected LTE-A UE, and one out of multiple serving cells is selected as “primary serving cell” for providing parameters, performing random access and measurement in some cases.
3 Conclusion 
In this paper we elaborated the differences between one serving cell and multiple serving cells for LTE-A UE in connected state. We propose:
Proposal: there are multiple serving cells for a connected LTE-A UE, and one out of multiple serving cells is selected as “primary serving cell” for providing parameters, performing random access and measurement in some cases.
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