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1. Introduction

The work plan for the “Carrier Aggregation for LTE” WI was updated in the RAN4#56 meeting. The schedule for the key specification areas is shown in Figure 1 below.



Figure 1 - RAN4 CA specification schedule
The detailed schedule for the UE/BS demodulation aspects is shown in the following:
· RAN4 Ad-hoc #4 (October, 2010): 
· Analyze impact of RAN1 decisions / requirements on RAN4 demodulation requirements
· Discuss and agree the principles of deriving demodulation requirements
· Identify demodulation requirements which require changes / additions
· RAN4#57 (November, 2010): 
· Discussion on simulation assumptions for indentified cases.

· RAN4 Ad-hoc #5 (January, 2011): 
· Agreement on the simulation assumptions for indentified cases.

· RAN4#58 (February, 2011):  
· Ideal simulation results for alignment, based on the agreed simulation assumptions.

· Agreement on the requirement frame work

· RAN4 Adhoc#6 (April, 2011): 
· Simulation results with implementation margins. 

· Derivation of performance requirements.

· RAN4#59 (May, 2011): 
·  Implementation of performance requirements into specifications.

In the present contribution we address the topics to be covered in RAN4 Ad-hoc #4. 
2. RAN1 agreements
The most important agreements regarding CA verification are summarized below:
PDSCH: Each component carrier can be configured as Rel-8 compliant. There is one transport block (two in the case of MIMO) and one HARQ entity per component carrier. 
PDCCH, PCFICH, PHICH: Rel-10 control channels utilize the same design (modulation, coding, mapping, payload formats) as in Rel-8/9 given no cross-carrier scheduling is present. 
P-BCH, P-SCH, S-SCH: The design is the same as in Rel-8/9.
UE categories/capabilities: Rel-10 UE categories are defined in terms of the maximum data rates, similarly as in Rel-8/9. However the CA capability (CA band, CA bandwidth class) and MIMO capability (maximum number of layers) are signaled separately from the UE category and can be band specific. 
HARQ ACK/NACK feedback: A full feedback (10 A/N bits to cover 5 CC and 2 CW/CC) will be supported at least for FDD. It is FFS whether a full feedback will be supported for TDD as well.
CSI feedback: The issue of the CSI feedback for CA is still open in RAN1. The working assumption is that at least periodic CSI reporting for up to 5 DL CCs will be supported. It seems however not very likely that a full frequency selective CQI/PMI will be supported for all component carriers.
3. Design principles for the CA verification
3.1 PDSCH requirements
The aim of the current PDSCH verification framework is to ensure that the UE can receive PDSCH transport blocks at certain throughput by utilizing one of the specified transmission modes. The performance of each mode is verified by varying parameters such as antenna configuration, propagation condition, modulation and coding, resource allocation, and channel bandwidth. The feedback aspects are decoupled from the demodulation aspects by the use of fixed reference channels, with the exceptions of PMI feedback in the closed-loop MIMO tests and the HARQ feedback in all demodulation tests.

Keeping in mind that the Rel-10 component carriers are Rel-8/9 compatible, it would seem reasonable to try to reuse the existing Rel-8/9 scenarios for the verification of the CA. One possible approach, brought out in [2], would be to verify each component carrier for each Rel-8/9 test case, augmented by X scenarios to cover the multi-carrier operation. The main drawback of this approach is the increased testing time, i.e. the number of PDSCH tests would be multiplied by a factor of five in the worst case, plus X scenarios would be needed to cover the multi-carrier aspect.

It could be hence considered whether all component carriers could be verified within a single test, by utilizing the existing minimum requirements. As the current UE demodulation requirements are formulated as a percentage of the maximum throughput, such approach would be feasible given the N-carrier throughput was approximately N times the single-carrier throughput. Considering that each downlink component carrier can be configured as Rel-8 compatible, the question would be mainly about the UE feedback and its impact on the CA performance:
· In what extent the CA performance is expected to suffer due to possible ACK/NACK bundling among carriers? Note that this aspect would be no problem given full feedback will be supported for both FDD and TDD.
· In what extent the CA performance is expected to suffer due to possible CSI feedback reduction methods? This question is mainly relevant for the closed-loop MIMO scenarios as these are the only demodulation tests utilizing CSI (PMI) feedback. 
· In what extent the CA performance is expected to suffer due to lower PMI feedback granularity in the case of partial allocation?
The existing single-carrier demodulation requirements could be then extended to multiple carriers by simply stating that the payloads and the maximum throughput values apply per component carrier and MIMO layer. All test parameters and reference measurement channels would remain the same as in Rel-8/9. Future requirements (e.g. for transmission mode 9) would be based on single-carrier transmission. 
The next question would be the number of component carriers to be used in each test. This is obviously limited by both processing capabilities of the terminal (UE category) and the CA bandwidth class. To verify the performance of a UE at its maximum capability, a maximum number of component carriers should be assumed. This is given by 

N = MIN{A, B},

where A is the maximum number of component carriers based on the UE category and B is the maximum number of component carriers based on the CA bandwidth class. See Annex A for the available aggregation levels for each UE category.

Furthermore, some test-specific exceptions would be needed to ensure proper test coverage across the CA bands. Note that it is assumed here that at least the N x 10 MHz and/or N x 20 MHz configurations would be available for all bands.
· All 10 MHz test cases (excluding SIMO single PRB and sustained data rates): These tests could be carried out assuming a full allocation on N x 10 MHz component carriers, given N x 10 MHz aggregation was available for the supported operating band(s). Otherwise, a partial 50 RB allocation on N x 20 MHz would be assumed. Note that the performance of a partial allocation would be essentially the same or better than that of a full allocation due to the absence of the channel edge effects. Hence the requirements would not become any tighter compared to Rel-8/9.
· SIMO tests for different bandwidths (B = 1.4, 3, 5, 15, and 20 MHz): These tests could be carried out assuming a full allocation on N x B component carriers, given N x B aggregation was available on the supported operating band(s). Otherwise a single-carrier transmission would be assumed. Note that the use of partial allocation would make no sense here as the intention is to verify the UE demodulation performance at different channel bandwidths.
· SIMO tests for single PRB (B = 3, 10, and 20 MHz): These tests could be carried out assuming a single PRB allocation on N x B component carriers, given N x B aggregation was available on the supported operating band(s). Otherwise a single-carrier transmission would be assumed.
· Transmit diversity test with 4 TX antennas (B = 1.4 MHz): This test could be carried out assuming a full allocation on N x B component carriers, given N x B allocation was available on the supported operating band(s). Otherwise a single-carrier transmission would be assumed. Again the use of partial allocation would not make sense as the intention of this test is to verify the 4 TX channel estimation performance at a narrow channel bandwidth.
· Sustained data rates: The current test cases for categories 1 - 4 would be carried out assuming single carrier operation, as in Release 8/9. However a new test case would be needed to cover data rates up to 300 Mbps. Such data rates would be reached by using either four layers on a single 20 MHz carrier, or two layers on two 20 MHz carriers.
· 5 MHz test cases for category 1 UEs: These test cases would be inherently verified assuming one component carrier, as the payload for two component carriers would be larger than what is allowed by UE category 1.
Some further remarks regarding the proposed framework are given in the following:

· As can be seen from Annex A, all UE categories would be testable up to 5 carriers. It is obvious that not all tests would be applicable up to five carriers for the lowest UE categories, but on the other hand a combination of a low category UE and high aggregation capability does not seem very likely.
· It would be relative easy to introduce new transmission modes in the future releases (from the CA point of view), as only single-carrier requirements would need to be specified.

· The existing channel models (Doppler, delay profiles, correlation matrices) would be applied per component carrier.

· Either intra or inter-band carrier aggregation could be used to verify certain bandwidth combination.
4. Control channel requirements

Two mechanisms are supported in Rel-10 for the signaling of resource assignments for PDSCH and PUSCH transmission. In the first mode a PDCCH on a component carrier assigns PDSCH resources on the same component carrier and PUSCH resources on a single linked UL component carrier. Rel-8 PDCCH structure (same coding, same CCE-based resource mapping) and DCI formats are used on each component carrier. Hence the Rel-8/9 requirements are expected to apply as such for this mode.
In the second mode, a PDCCH on a component carrier can assign PDSCH or PUSCH resources in one of multiple component carriers using the carrier indicator field (CIF). Hence an additional scenario might be in theory needed to ensure that the UE would be able to carry out cross-carrier scheduling in a proper manner, e.g. to decode CIF, determine the PDSCH starting position, and handle the extended search space. However it needs to be kept in mind that as the PDCCH structure is the same as in Rel-8/9, the actual demodulation performance would be already verified as part of Rel-8/9 tests. If needed, the cross carrier scheduling could be verified from the functional point of view as part of the PDSCH tests i.e. more in the scope of RAN5.
For PHICH, the physical transmission aspects from Rel-8 (orthogonal code design, modulation, scrambling sequence, mapping to resource elements) are retained in rel-10. Furthermore a single set of PHICH resources is shared by all UEs (Rel-8 to Rel-10). Hence no additional requirements seem to be needed for PHICH in Rel-10 either.
5. Conclusions

In the present contribution we provide our initial views on the verification of CA demodulation performance. As a summary, it would seem feasible to set the PDSCH requirements for N-carrier transmission as a fraction of the maximum throughput, reusing the existing single-carrier requirements. The proposed scheme would have the following benefits:
· No large simulation campaign would be needed hence facilitating a faster completion of the requirements.

· The testing time would not increase from Rel-8/9.
· The relative tightness of the requirements would remain essentially the same as in Rel-8/9 (to be confirmed).
· The scheme would be extendible towards the future transmission modes.
· The scheme would provide good coverage in terms of the UE categories/capabilities.
· Each UE would be tested at its maximum capability.
· Each Rel-8/9 transmission mode would be covered.
No further requirements seem to be needed for the verification of the Rel-10 control channel performance.
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ANNEX A – Maximum aggregation levels for the Rel-8/9 test cases
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