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1 Introduction
In this paper we concentrate on CA and DL-MIMO performance part for the specifications included into the ITU-R submission (performance part due in June). For the RF specification of intra-band CA, Rel-10 covers two bandwidth classes with up to two CC(s) aggregated in Band 1 or Band 40. Furthermore, for UL MIMO focus for the ITU-R specifications is put to two TX antennas, whence natural to restrict the initial demodulation cases to two RX antennas and thus up to 2 layers per user (that can be co-scheduled). 

Anticipating further requirements for Rel-11, most of the operator-specific combinations in TR 36.807 Annex A cover inter-band combinations of up to two bands. The corresponding performance requirements are covered by combinations of the Rel-8 requirements. Hence requirements for up to two intra-band carriers should cover most realistic deployments in the legacy operating bands during the next releases, although three carriers (including new Rel-11 types if specified) are not impossible in some bands.
For DL MIMO it appears most reasonable to consider the 4 x 2 and 8 x 2 initially and build on the existing requirements for dual-layer beamforming. The antenna ports are similar as for Rel-9 so demodulation performance would be similar, even if the new CSI-RS symbols will impose changes to e.g. the payload. However, the PRB bundling could be combined with these test and thus provide a relevant increase of the test coverage.  
2 Test setup for CA Bandwidth Class C
First we discuss the basic setup for the alignment and impairment simulations for carrier aggregation. For Rel-8 alignment simulations a TX EVM of 6% was assumed in view of “typical BS performance” and test-system capability and modeled assuming Gaussian errors. This should be compared to the minimum performance for the BS is 8% for 64QAM and higher for lower modulation orders. The alignment simulations are otherwise carried out with an ideal radio but with realistic channel- and noise estimation.
It is relevant to consider the corresponding prerequisites for carrier aggregation before discussing the scenarios. We limit the discussion to two CC(s) and note that
1. nothing mandates the use of PSS/SSS on both of the two CC(s), we only know that

a. the BS must produce signals on the two CCs with a maximum timing alignment error < [130] ns (tentatively)

b. the BS generates each CC with a maximum frequency error < ±0.05ppm for Wide Area BS
2. a UE that supports two UL CC (depending on capability) must be able to generate these uplinks each with a maximum frequency error of 0.1ppm w r t the Pcell over one time slot (0.5 ms)
3. the BS EVM minimum requirement will be the same as for Rel-8 per CC
For the TX EVM assumption it is suggested to reuse the 6% requirement per component carrier. Additionally, in view of the prerequisites above, it is reasonable to assume a certain relative frequency error between the two CC(s) while not making any assumption for the individual CC(S) other than that PCC is taken as a reference in view of Item 2 above.
The frequency error between the two carriers can be assumed to be modeled by a slowly varying frequency error, or possibly semi-static and neglecting the phase noise (jitter). In view of the minimum requirement of 0.05 ppm (absolute), a lower absolute error per CC could be used just as for EVM chosen such as the maximum relative error stays within 0.05 ppm · 2 GHz = 100 Hz, for example, which should cover both Band 1 and Band 40.  Hence
· a relative frequency error between the CC(s) modeled as a slowly varying, possibly constant frequency error of up to about 100 Hz 
No assumptions should be made on the UE receiver implementation of synchronization or its FFT size. 
From a test perspective an assumed frequency error is also reasonable, see the connection diagram with two test systems (SS) in Figure 1 for DC-HSDPA. HSDPA a single carrier so less sensitive than the LTE downlink OFDM. Frequency errors may be noticeable at higher SNR that have to be used to create tests with higher throughput needed for the ITU-R submission.
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Figure 1: test connection diagram for DC-HSDPA
The frequency error may imply that not all of the Rel-8 performance requirements can be scaled. This means more simulation work, but the number of scenarios needed initially for the ITU-R submission is not very large on the other hand.
3 Initial scenarios for intra-band CA
For Rel-8 the UE demodulation performance is generally verified for the 10 MHz channel bandwidth that is supported for all bands, thus making the basic framework of the base-band demodulation requirements band agnostic. Requirements are defined for the wider bandwidth 15 and 20 MHz to verify single-antenna performance for the bands that supports these bandwidths. E-UTRA Rel-8 already fulfills the spectral-efficiency requirements, whence it appears most relevant to verify the functionality for two CC(s) of 15 or 20 MHz supported by a UE category likely for initial CA deployment.
The frequency error between the component carriers may prevent scaling, notably for the higher SNR scenarios relevant for higher modulation orders. However, if one of the component carriers is deactivated, requirements corresponding to the    Rel-8 test configuration should apply for the active carrier. It is therefore useful to start with an existing Rel-8 test case as a reference for fall-back operation on a single CC. Looking at the Rel-8 test cases, the available 15 or 20 MHz SIMO requirements are specified for the 64QAM modulation format which could be impacted by a relative frequency between CC(s). Hence, one possible starting point could be a SIMO case:
· 15 + 15 or 20 + 20 MHz combination with 64QAM with EVA5 and a 1 x 2 antenna configuration, which would be supported by a Category 5 UE (see [1] for a comprehensive exposition). 

A multiple-antenna scenario would necessitate a new single-carrier test case if a fall-back reference is desired:
· 15 + 15 or 20 + 20 MHz combination with 16QAM with EVA5 and a 2 x 2 antenna configuration, which would be supported by a Category 4 or 5 UE
There is no corresponding Rel-8 requirement; this could possibly be included although the same setup exists as a dual-layer test with a 10 MHz channel bandwidth.
The aggregated bandwidth for these cases would not be supported in all operating bands, hence the tests cannot be band agnostic.

4 Initial scenarios for eDL MIMO

Just as for CA, no new MIMO test cases are needed for verifying the spectral-efficiency requirements of LTE Advanced  so we concentrate on likely deployments in the bands specified in the Rel-10 timeframe. We consider 2 RX antennas and thus a maximum of two layers per UE.
From a UE demodulation perspective, we propose to build on the DLBF and Transmission Mode 8. The first step would be to cover the corresponding FDD requirements the 2 x 2 case for TM8. The additional cases for FDD and TDD could be specified for TM9, the antenna ports for dual-layer are the same as for TM8 and similar channel estimation performance is expected but with due account of the CSI-RS. 

For the 4 x 2 and 8 x 2 combinations, both likely for initial deployment, one could consider the following. 
First a MU-MIMO case with transmission on 4 layers, 2 layers for 2 co-scheduled users:
· 4 x 2 antenna configuration and EPA5,
· single CC 
· 2 CRS and CSI RS configured for 4 antenna ports, 

an extension to the existing DLBF case for TDD even if the performance is likely to be similar to the dual-layer SU-MIMO case.
For the 8 x 2 combination, the new codebook for 8 TX motivates and the PRB bundling concept motivates a new SU-MIMO test. The current TM8 tests assume that the precoder update granularity is 1 PRB; the bundling will imply a different channel estimation performance. A possible setup for the test case could be  
·  8 x 2 antenna configuration and EPA5,

· single CC

· 2 CRS and CSI-RS configured for 8 antenna ports

· PRB bundling 

In this way, the new functionality is verified for 4 and 8 TX antennas, thus adding test coverage to the existing demodulation test cases.
5 CSI reporting
The CSI-RS will require a large number of test cases for the reporting accuracy of new modes. However, we propose to postpone the CSI reporting work in view of outstanding RAN1 decisions and concentrate firstly on the UE demodulation performance requirement that are more relevant for the ITU-R submission.
6 Proposal
For the initial Rel-10 work we propose to specify the following UE demodulation test cases

· for CA, test cases for 15 + 15 MHz or 20 + 20 MHz with a 1 x 2 antenna configuration, possibly complemented by a dual-layer test case for the same bandwidth combination with a 2 x 2 configuration 
· for eDL MIMO,

· 2 x 2 tests for FDD and TM8

· a MU-MIMO test case with 4 x 2 antenna configuration, 2 layers per user

· a SU-MIMO test case with 8 x 2 antenna configuration and PRB bundling

The aim is to verify functionality for new features. We propose to start with the UE demodulation performance and postpone the CSI reporting tests until RAN1 has concluded its work on CSI-RS.
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