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1
Introduction
As an important and very relevant part of LTE Rel-10 specifications, UE demodulation requirements for carrier aggregation (CA) involves many challenges and open questions, similar to the CA RF work in RAN4. Without taking into account necessary demodulation requirements work for the new transmission mode 9 in eDL-MIMO, this contribution considers approaches in which we can extend the current Rel-8/9 demodulation requirements for Rel-10 carrier aggregation while minimising the impact on the RAN4 workload.
In contributions [1] and [2], many aspects of this work had been discussed and way forward proposed (although they have not been officially treated). In our view, the following aspects and new features in carrier aggregation should to be taken into account in Rel-10.
· LTE-A deployment scenarios

· CA Deployment / Bandwidth Combination Scenarios
· Carrier aggregation with one primary CC (PCell) plus up to four secondary CCs (SCells)
· New UE categories and capabilities
· New control channel features (cross-carrier scheduling and search space sharing)
While it seems necessary to test all features and verify the performance of high data throughput, as pointed out in [1], the general principles in drafting the LTE Rel-8/9 UE demodulation requirements should apply to Rel-10 as well. That is:
· Find the best balance for the number of scenarios and the test coverage

· Minimise test time

· Test each feature ideally only once

· Ensure compatibility of the future requirements

· Reuse the earlier test practices whenever appropriate

· Pick relevant corner cases

· Ensure receiver-agnostic requirements
Lastly, to progress on this work it might be worthwhile to outline top level framework or phases to develop demodulation requirements for Rel-10 in RAN4, also considering the eDL-MIMO work. The question would be whether these stages can be progressed in parallel and it may depends on RAN1’s progress.
1. CA scenarios only considering Rel-8/9 TM
2. Rel'10 eDL-MIMO scenarios only (no CA features)
3. CA plus eDL-MIMO

2
Discussion
LTE-A Deployment Scenarios
In [3], several potential deployment scenarios have been identified for LTE-A carrier aggregation and they are depicted in Figure 1 for convenience. Depending on the deployment scenario, cell coverage size and geographical overlay area between frequency layers may be different. For most coverage overlap areas in scenario 1 and 2, it may be practical to assume that the same transmission mode will be used by the network in both cells since the UE is experiencing similar signal strength. In this case, the building block approach by reusing an existing Rel-8/9 test case and its requirement to form a single N x B MHz test to verify the performance of aggregation of multiple cells would seem reasonable to fast track the completion of this part of work without any simulations as suggested in [1] and [2]. This approach, however, is conditioned on the design of ACK/NACK feedback across multiple cells for which the details are yet to be finalised in RAN1. If the ACK/NACK feedback mechanism in the end is in some ways coupled between multiple cells, then we will need to further investigate if there is any work-around solution so that we could still utilise this building block approach. Otherwise, re-simulations will be needed.
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Figure 1: LTE-A deployment scenarios for CA (summarised from [3])
On the other hand, for other parts of coverage overlap in scenario 2, most parts of coverage overlap in scenario 3, and scenario 4 different transmission modes could be employed in different cells due to the UE’s operating condition being in the cell centre in one and cell boundary in another. Then, it may be worthwhile to define tests to verify performance in such schemes, for example TM1 or TM2 (single codeword transmission) is used in one cell and TM3 or TM4 (dual codeword transmission) is used in another. However, additional simulation campaign would be needed for this type of corner case.
Moreover, new Rel-10 features such as cross-carrier scheduling and search space sharing for PDCCH should also be incorporated into the above test case design. Since it is expected that these new features would not have impact to the performance of PDSCH demodulation, we could avoid defining additional control channel test cases and still be able to ensure correct UE implementation of these new features.
CA Deployment / Bandwidth Combination Scenarios

From UE demodulation performance point of view, we share the same view as in [1] that there would be no difference between intra and inter-band carrier aggregation. Then depending on the operating band combinations that the UE actually supports, either intra or inter-band or both carrier aggregations would be tested against the requirements.
According to the latest UE technical report [4] which captures the expected DL CA channel bandwidth combinations and CA bandwidth classes to be supported for Rel-10, it seems reasonable to consider these already agreed bandwidth combinations (i.e. 20+20 and 10+10) and bandwidth classes (i.e. max 2 component carriers) first. For later releases, Rel-10 test cases can then be easily extended or new test cases defined using the same building block approach to cover other combinations and classes based on future agreements.
New UE Categories and Capabilities
Existing LTE UE categories (1-5) are defined in terms of maximum data rate in Rel-8/9, and it is expected that new UE categories for Rel-10 will be defined in the same manner with higher data rates [5]. Therefore, the same Rel-8/9 principle of testing UE processing capability according to UE categories would be applicable for testing these new categories. However, the designing of tests must also take into account the flexibility that the increased data rate can be achieved through either aggregation of multiple carriers or higher number of transmission layers or the combination of both. Based on the agreements reached in [1], the following new demodulation requirements could be defined in RAN4 for the new Rel-10 UE categories.
· Single carrier 20MHz 4-layer transmission
· Dual carrier (10+10) 4-layer transmission
· Dual carrier (20+20) 2-layer transmission
· [Dual carrier (10+20) 4-layer transmission in the 10MHz carrier and 2- layer transmission in the 10MHz carrier] pending RAN4’s decision on CA bandwidth combination in the future.

· [Dual carrier (20+20) 8-layer transmission] pending on the usefulness of such test
In [2], single carrier testing is suggested to verify each component carrier against all Rel-8/9 data, control and CSI requirements one by one, so that the basic demodulation performance can be guaranteed. However, we think this is not necessary as existing Rel-8/9 requirements are already defined in a band agnostic manner. Therefore, demodulation performance verification of individual carrier against these requirements can be seen as testing all UE supported bands. Moreover, the amount of testing could potentially be increased by a factor of 5.
Control Channel Requirements
As mentioned previously, it is possible for the new control channel features in Rel-10 such as the cross-carrier scheduling and the search space sharing to be jointly tested as a part of PDSCH performance verification without having to define additional control channel requirements. As it has been discussed in [1], we are also in the same view that no new requirements are needed for testing Rel-10 control channel performance.
3
Conclusions
In this contribution, we provided considerations of various aspects of UE demodulation requirements for Rel-10 carrier aggregation, ways in which we can speed up this work and new demodulation requirements that would be needed for the new UE categories. We recommend that the above discussions and suggestions be jointly considered with other proposals to finalise the UE demodulation framework.
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