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1. Introduction 

The email discussion regard to “serving cell” definition was raised after RAN2 Meeting #67 over the email reflector. Some preliminary consensus seems can be achieved on supporting “one serving cell” definition, but this is just the beginning for RAN2 to further define the suitable terminology for proper description on the carrier aggregation operations.
2. Discussion on Deployment Scenarios when Supporting Carrier Aggregation Operations
  This section tries to discuss the reasonable configurations need to be considered for carrier aggregation operations in LTE-Advanced system. The starting point is to investigate how LTE network operator may upgrade their network to support LTE-Advanced. Figure 1 shows a reasonable scenario that network operator may upgrade the LTE network in evolution manner rather than revolution manner.
  The general assumption is that the operators who want to deploy LTE-Advanced network have already deployed the LTE network, while the LTE network is assumed to perform full coverage before deploying the LTE-Advanced network. Therefore, the network upgrade stage #1 in Figure 1 shows that only few of the eNBs are upgraded to support Rel 10 features (i.e. carrier aggregation), while the other eNBs which only support Rel 8 features (i.e. w/o carrier aggregation) cover the most area across the network. This is a very general scenario for network operators when upgrading their GSM network to UMTS network, or from WCDMA network to HSPA network. It is anticipated to be the general scenario in next few years when network operator begins to upgrade part of their LTE network becomes LTE-Advanced network.
  During the stage #1, the legacy Rel 8 UE can certainly work very well while some dual-mode UEs which can support both Rel 8 and Rel 10 features can be benefited from carrier aggregation feature over specific area with LTE-Advanced coverage. Therefore, the average system spectral efficiency if function of the percentage of the dual-mode UEs and the LTE-Advanced coverage at this stage, while only the marginal improvement can be achieved.
  During the stage #2, the network operator complete the upgrade of entire network to make each eNB can support both Rel 8 and Rel 10 features. The average system spectral efficiency is now only function of the percentage of the dual-mode UEs and the Rel 10-only UEs, where the significant improvement can be achieved when most UEs are also upgraded as dual-mode UEs or the Rel 10-only UEs. Since the network operator is assumed to deploy the LTE network in advance, this scenario should be a very general scenario when discussing carrier aggregation.
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Figure 1 LTE-Advanced Network Upgrade Example
  The final stage is stage #3, where the entire network is covered by the eNB only support Rel 10 features (i.e. non backward compatible carriers). The system performances can be optimized while all UEs shall be able to support LTE-Advanced air interface. This stage may happen after many years when network operator upgrade all the UEs and eNBs, or this may be a green field deployment after few years where the operator to directly deploy Rel 10 based LTE-Advanced network. In general, this scenario is possible but will not be a very general scenario according to the reasonable network upgrade roadmap.

  In summary, it is recommended to take backward compatible carrier as the general assumption when discussing the carrier aggregation operations for LTE-Advanced.
3. Discussion on Multi-Carrier Configurations when Supporting Carrier Aggregation Operations
  According to previous analysis, it will be very general for LTE-Advanced network be mix deployed with LTE network. How LTE-Advanced network can coexist with LTE network will depend on whether the carrier is backward compatible or not. Figure 2a shows and example for LTE-Advanced to coexist with LTE where the network is non backward compatible. For this case, the coexistence may most possibly be achieved by TDM or FDM manner. On the other hand, if LTE-Advanced carrier is a backward compatible carrier, there will be no need to further distinguish LTE zone or LTE-A zone. This means the backward carrier can actually leads higher radio resource utilization by sharing the same radio resources for serving both LTE and LTE-A UEs.
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Figure 2 Example for LTE-Advanced to coexist with LTE with (a) non backward compatible or (b) backward compatible LTE-Advanced carriers

  However, even for backward compatible carrier, the LTE/LTE-A carrier may still need to coexist with WCDMA/HSPA carriers for possible mix deployment by network operator. Because the IMT-Advanced spectrum may reuse certain existing IMT-2000 spectrum, while many LTE/LTE-A operators are expected to be existing 3G network operators. Therefore, the carrier configuration shown in Figure 3 is still possible and need to be considered as one of the scenario.
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Figure 3 LTE/LTE-A Coexist with WCDMA/HSPA
  In summary, it is not difficult to understand the carrier aggregation operations may be activated all the time. The eNB and UE need to negotiate when and how to activate carrier aggregation operation in advance. It is recommended to assume the carrier aggregation cannot be activated until the end of normal RRC procedure (e.g. the procedure defined in Rel 8), which allows eNB and UE to negotiate the detail parameters to activate carrier aggregation operations.

  Along this line, it is very obvious that the serving cell shall include the carrier which allows UE to complete RRC connection procedure. But consider the RRC/RLC/PDCP is common for all carriers, so if the serving cell is changing the L2 re-establishment which will introduce the data interruption should be avoided. Therefore, the serving cell shall provide the security input and NAS level mobility information, and the security input may also be provided if it is necessary to change the key.
4. Discussion on Fundamental Carrier Aggregation Operations
  According to previous analysis, the multi-carrier configurations need to be considered for carrier aggregation support may be different from one scenario to another. Since the LTE-A network will not be fully deployed in a short time, it is not appropriate to make strong assumption on which configuration will only be considered at this moment.

  In order to support various multi-carrier configurations possibly be considered by network operators in the future, the RRC shall be flexible enough. On the other hand, it is not desired to substantially change existing Rel 8 designs, higher reusability will be preferred for reducing hardware and software upgrade cost/complexity in the future. Therefore, the modifications on PHY, MAC, RLC and PDCP only for carrier aggregation feature in Rel 10 should be minimized. One possible architecture to support carrier aggregation can be the compromise of the above considerations, which can be shown as Figure 4.
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Figure 4 Having “one single cell” definition associated with one physical eNB allows RRC be more transparent to various multi-carrier configurations in PHY/Radio Link Layer

  In the example shown in Figure 4, a RRC governs the carrier activation management and channel configuration across multiple carriers to support data transmission for each UE. Meanwhile, the PHY/MAC/RLC/PDCP basically follows the same design philosophy as Rel 8 (and Rel 9) with minimal modification. This allows eNB to activate or deactivate carrier aggregation flexibly while best reusing the existing Rel 8 (and Rel 9) designs. If Rel 10 aims to backward compatible to Rel 8 (and Rel 9) carriers, this should be the most reasonable architecture.
  Therefore, from UE RRC perspective, different carriers are associated with the same physical eNB. So that it can easily distinguish the carrier aggregation operation from handover operation. Along this line, it it is recommended to have “one serving cell” associated with the same physical eNB.
5. Discussion on Carrier Aggregation Modelling for the UEs in Connected State
  The preferred way is having “one serving cell with the rest being UL/DL resources”, where the basic philosophy has actually been considered among the previous examples. Figure 5 shows an example on how this may work for Rel 10 based LTE-Advanced system. Follow the logic of one serving cell, the eNB and UE can utilize common MAC entities to manage carrier aggregation operations regardless which physical carrier configuration is currently supported by the system. This keeps physical layer flexibility on supporting various deployment scenarios, while best reuse the Rel 8 RRC design by common MAC entity for eNB and UE.
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Figure 5 Better compromises on RRC uniformity/reusability and PHY/Radio Link flexibility by having “one serving cell with the rest being UL/DL resources”
6. Conclusions
  According to the previous analysis, the recommendations for Carrier Aggregation Modeling for the UEs in Connected State can be concluded as the following items:
Proposal 1: Recommend to take backward compatible carrier as the general assumption when discussing the carrier aggregation operations for LTE-Advanced
Proposal 2: Recommend to assume the carrier aggregation cannot be activated until the end of normal RRC procedure (i.e. after security, transport, SI reading) through the serving cell
Proposal 3: The serving cell shall provide the security input and NAS level mobility information, and the security input may also be provided if it is necessary to change the key.
Proposal 4: One serving cell with the rest being UL/DL resources
Proposal 5: One serving cell with the rest UL/DL resource for carrier aggregation are associated with one physical eNB
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