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1. Introduction
A new Work Item for “Carrier Aggregation for LTE” was agreed in RAN #46 [1]. 
The work plan for the “CA for LTE” WI to help RAN4 to meet Rel-10 time schedule in line with agreements in [1] and [2] was endorsed in [10] at RAN4 AH#2010-01.
This is the revised version of the work plan taking into account the discussions in RAN4 AH#2010-01 and meeting #54 related to TRs to be used. Changed parts are highlighted by yellow.
2. Background
The building block WI in [1] includes following work tasks for RAN4:

a. Core requirements in RAN4 specifications

b. Performance requirements in RAN4 specifications

The content of the WI work tasks is shown in following sub-clauses.
2.1 Core requirements in RAN4 specifications

The WI should be based on agreements on carrier/spectrum aggregation taken during the LTE-A SI and fulfil the following objectives:

-
Specify carrier aggregation in LTE for the following scenarios

-
Rel-8/9 backward compatible carriers is the basic building block and should be supported; non-Rel-8/9-backward compatible component carriers and carrier segment to be considered (subject to agreement in RAN1) if sufficient gain can be shown

-
Component carriers can be adjacent or non-adjacent in frequency to address contiguous as well as fragmented spectrum, subject to restrictions set by RAN4
-
UE-specific asymmetric number of component carriers in DL and UL  

-
Component carriers can have any of the bandwidths supported in Rel-8 
-
Terminal complexity should be considered; the number of supported bands and band combinations per region should be limited

-
RAN4 should until RAN #47 conclude on which bands and band combinations that should be targeted within this WI

-
Introduce support of carrier aggregation in stage-3 specifications, including
-
UE (36.101) and BS (36.104) RF core requirements

-
RRM (36.133) core requirements

WID expect CRs for the core requirements 36.101, 36.104 and 36.133 to be ready by RAN#50.
2.2 Performance requirements in RAN4 specifications

Objective is to specify performance requirements for carrier aggregations operation for the scenarios addressed in RAN1, RAN2 and RAN3 specifications and the core part of RAN4 specifications.

WID [1] expect performance (and BS test) requirements for 36.101, 36.104, 36.141 and 36.133 to be ready by RAN#52.
3. Framework for RAN4 part of the CA WI
This section discusses the framework for RAN4 based on the input in [2]. The intention of this section is to clarify what would be required in RAN4 in the CA WI phase. Figure 1 presents proposed work plan for some key areas. Further analysis on expected work is provided in following sub-clauses.
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Figure 1 Work plan for RAN4 CA WI

Some of the proposed tasks align with those identified for the finalization of the SI as per [5]. Deployment scenarios is the task for the both SI and CA WI. Plan is to agree band scenarios for the CA WI to be captured in the revised WID. Findings will also be minuted in LTE-A RAN4 TR 36.815 [3].
RAN4 should also discuss if there is a need to document CA assumptions / findings somewhere, either in new TR or existing TR36.942, TR 36.815 or TR36.801/TR36.803/TR 36.804.
Agreement in RAN4 AH#2010-01 and RAN4#54 was as follows:
· Co-existense studies, findings will be minuted in RF system scenarios TR 36.942.
· BS findings will be minuted in new TR to be created for LTE-A.
· UE findings will be minuted in new TR to be created for LTE-A.
3.1 Deployment scenarios
Operator identified CA deployment scenarios for the purposes of UE and BS feasibility studies in [3] should be analyzed more, in addition to the existing analysis in TR36.815 [3] sub clauses 5.1.3 and 5.1.4 for UE. Deployment scenarios found as not viable from an implementation perspective should be identified in the SI TR. Possible constraints on CA scenario parameters related to UE and BS implementation aspects should be identified; these could e.g. be 

· Maximum number of aggregated bands 
· Number of component carriers in intra-band contiguous/intra-band non-contiguous/inter-band non-contiguous carrier aggregation, for UL, DL

· Maximum aggregated bandwidth per band, for UL, DL
· Total transmission/reception bandwidth in contiguous carrier aggregation, for UL, DL
It shall be noted that, even if a deployment scenario is found to be feasible in principle, it might not be required from an operator perspective or otherwise found as not practical for inclusion in Rel-10 CA RAN4 specifications like discussed in [5]. It is expected that operators will review CA related deployments scenarios based on the outcome of feasibility study and provide input on suggested scenarios for updating the WID in RAN4#54 . This may include a need for deployment scenarios with smaller aggregated spectrum (e.g. below 20 MHz). Inputs in the following areas would be needed:
· Required intra-band contiguous CA scenarios

· Required intra-band non-contiguous CA scenarios
· Required inter-band CA combinations and scenarios

· Required BS classes with support for CA (wide area, local area, home BS)
Proposed time plan for deployment scenarios in CA WI:
· RAN4 Ad-hoc #1 (January, 2010)
· CA deployment scenarios for the WI to be discussed and analyzed from perspective of: 

· UE and BS implementation aspects
· Constraints on CA scenario parameters
· Operator requirements
· RAN4#54 (February, 2010)
· (Finalize the LTE-A SI)
· Bands and band combinations and constraints on CA scenario parameters for the WI to be agreed 
· RAN #47 (March, 2010): The agreed band scenarios will be captured in the revised WID.

Note: Other scenarios may be introduced in future release in release independent manner.
3.2 Co-existence studies

Co-existence studies may be needed to evaluate potential issues for LTE-A co-existence with adjacent systems. Out-of-band emission requirements (ACLR/SEM) may be specified based on such analysis. 
Findings will be minuted in RF system scenarios TR 36.942 [9].
Proposed time plan for co-existence studies in CA WI: 
· RAN4 Ad-hoc #1 (January, 2010)

· Discuss sets of deployment scenarios, such as macro cell scenario and hot spot scenario, simulation assumptions and simulation parameters (cell radius, BS/UE maximum output power etc.)
· RAN4#54 (February, 2010)
· Agree deployment scenarios, simulation assumptions and simulation parameters
· RAN4 Ad-hoc #2 (April, 2010): 
· Provide simulation results based on the agreed assumptions and parameters
· RAN4 #55 (May, 2010): 
· Provide further simulation results
· RAN #48 (June, 2010): 
· Co-existence studies finalized
3.3 UE RF

UE RF is the most important aspect in LTE-A. It is strongly relevant to some key techniques in LTE-A, such as carrier aggregation. It is highly recommended that RAN4 give appropriate feedbacks to RAN1/2 in timely manner in order to make LTE-A friendly to both performance and complexity, or both gain and pain, or both operators and vendors. 

More detailed analysis on UE RF requirements are provided in [6].
We propose that the UE RF work is documented in a new TR to be created for LTE-A and that TR contains an annex where draft 36-101 REL-10 is created.

Proposed time plan for UE RF aspects in CA WI:

· RAN4 Ad-hoc #1 (January, 2010): 
· Discuss what scenarios are targeted with REL-10 

· Discuss and agree how the standardization work is captured (TR)
· RAN4#54 (February, 2010):
· Provide further evaluations on target scenarios 
· Agree scenarios for Rel-10
· Discuss and propose the principles of deriving TX / RX RF requirements (baseline architectures)
· Create the TR

· RAN4 Ad-hoc #2 (April, 2010): 
· Agree the principles of deriving TX / RX RF requirements
· Discuss technical issues of the key RF requirements (Maximum output power, Reference sensitivity)
· RAN4 #55 (May, 2010): 
· Continue discussion for UE Rx and Tx issues (ACLR, SEM, MPR, A-MPR, ACS)
· RAN4 Ad-hoc #3 (July, 2010): 
· Continue discussion for UE Rx and Tx issues (Spurious emission, Transmit signal quality, Blocking and intermodulation)
· RAN4#56 (August, 2010): 
· Continue discussion for UE Rx and Tx issues (Output power dynamics, Minimum and maximum input power)
· RAN4 Ad-hoc #4 (October, 2010): 
· Continue discussion for UE Rx and Tx issues (ON/OFF time mask, Rx spurious emissions) 
· RAN4#57 (November, 2010): 
· Continue discussion for UE Rx and Tx issues (Transmit intermodulation , remaining and open issues)
· Finalize the TR
· RAN4#58 (February, 2011):

· Provide comprehensive draft CRs for TS36.101

· RAN4#59 (May, 2011)

· Finalize CRs
3.4 UE Category (RF aspects)

In HSPA/LTE, UE categories were defined in RAN1 and RAN2, because key parameters for UE categories are mainly related to baseband aspects, instead of RF. In LTE-A, however, a lot of RF aspects would need to be taken into account, as discussed so far in some RAN4 contributions [7, 8]. Some key parameters are listed below: 

· Number of component carriers in intra-band contiguous/intra-band non-contiguous/inter-band non-contiguous carrier aggregation

· Total transmission/reception bandwidth in contiguous carrier aggregation

· Band combinations in inter-band carrier aggregation
RAN4 should discuss how to define UE capabilities for inter-band carrier aggregation, e.g. should it be applied only to DL in low category UEs and to both DL and UL in high category UEs.

Proposed time plan for UE categories in CA WI:

This area would also need co-operations with other working groups (RAN1/2).
· RAN4 Ad-hoc #1 (January, 2010): 

· Discuss initial UE categories in context of deployment scenarios and segmentation of UE capabilities in terms of carrier aggregation accounting the implementation aspects
· RAN4#54 (February, 2010):

· Agree minimum capabilities for UE categories in terms of  carrier aggregation for intra-band contiguous, intra-band non-contiguous and inter-band non-contiguous carrier aggregation
· RAN4 Ad-hoc #2 (April, 2010): 
· Discuss additional UE categories to facilitate alternative deployment scenarios

· RAN4 #55 (May, 2010): 
· Further discussion on additional UE categories
· RAN4 Ad-hoc #3 (July, 2010): 
· Agree UE categories for CA in Rel-10
3.5 BS RF

CA will require a number of additions to TS36.104/141. Work done for DC-HSDPA, DC-HSUPA and DB-DC-HSDPA provides some indications how the LTE Rel-9 BS specification might be extended for CA. Whenever appropriate RF requirements related to CA shall be based on the re-use of existing LTE Rel-8/9 requirements in a “building block” manner.
Intra band, non-contiguous carrier aggregation is a new concept for RAN4 BS specifications and requires appropriate extension of the transmit (e.g. unwanted emissions, ACLR) and receive (e.g. ACS, blocking, ...) RF requirements across the “gaps” between CCs in order to facilitate co-existence between uncoordinated systems. 

BS RF findings will be minuted in new TR to be created for LTE-A.
Proposed time plan for BS RF aspects in CA WI:

· RAN4 Ad-hoc #1 (January, 2010): 

· Discuss key technical issues for BS specification development
· Discuss feasibility of re-use of existing LTE Rel-8/9 requirements
· Identify RF requirements which require changes / additions
· RAN4#54 (February, 2010):

· Discuss technical issues of the key RF requirements (unwanted emissions, ACS, (NB blocking),…)
· Discuss and propose the principles of deriving TX / RX RF requirements
· Results from studies related to needed changes / additions of RF requirements
· RAN4 Ad-hoc #2 (April, 2010): 
· Agree the principles of deriving TX / RX RF requirements
· Further results from studies of RF requirements 

· First proposals for needed changes / additions of RF requirements
· RAN4 #55 (May, 2010): 
· TPs for the key RF requirements
· Proposals for remaining RF requirements
· RAN4 Ad-hoc #3 (July, 2010): 
· Merge and agree TPs for the key RF requirements
· TPs for remaining RF requirements
· RAN4#56 (August, 2010): 
· Agree technical content of TX / RX requirements in form of TPs
· RAN4 Ad-hoc #4 (October, 2010): 
· Provide comprehensive draft CRs for TS36.104
· RAN4#57 (November, 2010):  
· Finalize CRs
3.6 BS/UE demodulation

For DC-HSDPA, DC-HSUPA and DB-DC-HSDPA carrier aggregation demodulation performance requirements are derived from existing requirements on a per-carrier basis, without the need to introduce additional Fixed Reference Channels and the need of re-simulating performance requirements. It needs to be studies if the same approach can also be utilized for LTE-A CA. 
However there may be the need for additional requirements and RAN4 need to wait for RAN1 decisions related to demodulation performance requirements. 
BS demodulation findings will be minuted in new TR to be created for LTE-A.
UE demodulation findings will be minuted in new TR to be created for LTE-A.

Proposed time plan for BS/UE demodulation aspects in CA WI:
· RAN4 #55 (May, 2010): 
· Analyze impact of RAN1 decisions / requirements on RAN4 demodulation requirements
· Discuss and propose the principles of deriving demodulation requirements 
· Identify demodulation requirements which require changes / additions
· RAN4 Ad-hoc #3 (July, 2010): 
· Agree the principles of deriving demodulation requirements
· Further studies on demodulation requirements which require changes / additions based on RAN1 decisions
· RAN4#56 (August, 2010): 
· Discussion on simulation assumptions for indentified cases.
· RAN4 Ad-hoc #4 (October, 2010): 
· Agreement on the simulation assumptions for indentified cases.
· RAN4#57 (November, 2010):  
· Ideal simulation results for alignment, based on the agreed simulation assumptions.
· Agreement on the requirement frame work
· RAN4#58 (February, 2011): 
· Simulation results with implementation margins. 
· Derivation of performance requirements.
· RAN4#59 (May, 2011): 
·  Implementation of performance requirements into specifications.
3.7 RRM and mobility
Mobility measurement in carrier aggregation would be one of the key issues in RRM area. In principle, RAN2 specify the measurement rules and behaviours, RAN1 specify the definition of the measurements, and RAN4 specify the accuracy of the measurements. In reality, however, RAN4 played much more role than the above principle in LTE. RAN4 can study not only performance aspects using dynamic mobility simulators, but also UE implementation aspects, such as actual accuracy and power consumption. Therefore, it was highly recommended at [2] that RAN4 should lead the studies on mobility measurement issues in LTE-A as well.
Proposed time plan for RRM and mobility aspects in CA WI:

· RAN4 Ad-hoc #1 (January, 2010): 

· Discuss the initial assumptions on mobility performance in context of carrier aggregation
· RAN4#54 (February, 2010):

· Continue the discussion of the mobility in context of carrier aggregation

· RAN4 Ad-hoc #2 (April, 2010): 
· Agree assumptions for  initial evaluations

· Discuss further the mobility in context of carrier aggregation

· RAN4 #55 (May, 2010): 
· Discuss initial evaluations and agree assumptions for further studies 

· RAN4 Ad-hoc #3 (July, 2010): 
· Continue evaluations for the mobility 

· RAN4#56 (August, 2010): 
· Discuss the requirements for the mobility in context of carrier aggregation
· RAN4 Ad-hoc #4 (October, 2010): 
· Discuss the requirements for the mobility in context of carrier aggregation
· RAN4#57 (November, 2010):  
· Agree the requirements for the mobility for carrier aggregation

· Discuss initial test cases
· RAN4#58 (February, 2011): 
· Agree test cases to be developed
· RAN4#59 (May, 2011):  
· Implementation of test cases to specification
RAN4 should communicate its studies and finding to other WGs and especially to RAN2 so that the RAN4 considerations and findings can be taken into account in the RAN2 procedures and concept development and RAN1 mobility measurement quantity definitions and in this way a solid concept and aligned assumptions between RAN WGs can be ensured.
4. Conclusion

It is proposed that RAN4 agree the work plan for the “Carrier Aggregation for LTE” WI to keep the planned schedule in line with Rel-10 WID [1] and other WGs.
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