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1. Introduction
In RAN4#66bis, the discussion continued on the EPDCCH demodulation test cases and on the parameters for alignment simulations. As captured in the EPDCCH adhoc minutes, a total of 3 test cases are currently envisioned for verifying the EPDCCH demodulation performance [1]. In this contribution we discuss the EPDCCH demodulation requirements and also share our views on the EPDCCH-related testing of PDSCH.
2. EPDCCH test cases
The current understanding in RAN4 is to introduce 3 test cases for EPDCCH demodulation: one test with distributed transmission and two tests with localized transmission. For localized EPDCCH, a TM10 test and a non-TM10 test would be introduced. In the following, we discuss the parameterization of the test cases.
The aggregation levels in the demodulation test cases were discussed in the previous meeting. The conclusion was that the aggregation levels should be selected from the range of 2-16 for the test cases. Aggregation level 32 was not precluded. In general, distributed transmission is targeted for lower operating SNR than localized transmission. The aggregation levels for the test cases can follow the same principle, and higher aggregation levels should be selected for low-SNR –targeted distributed transmission. Similarly, for localized EPDCCH, the aggregation levels should be selected from the lower end of the given range 2-16.
When high aggregation levels are applied, the test case mainly stresses the UE receiver sensitivity. With lower aggregation levels, the operating SNR is higher, but also the coding rate is higher. With a higher coding rate, problems with rate-matching behavior are more easily detected in a test. In addition, selecting different aggregation levels for the distributed and the localized EPDCCH tests helps to verify correct search space implementation, as the number of candidates depends on the aggregation level. Based on the above discussion points, we propose the following:

Proposal 1:
Higher aggregation levels are used in the distributed EPDCCH test, e.g. 8 or 16. For the test cases with localized EPDCCH, aggregation levels 2 and 4 can be considered.
For distributed EPDCCH, the physical resource of one EPDCCH candidate is spread through the EPDCCH-PRB-set automatically, especially if a high enough aggregation level is applied. Hence, there is no need to consider detailed scheduling strategies for the distributed EPDCCH test case.
However, for the test cases with localized EPDCCH, two options of EPDCCH scheduling exist. The candidate selection can be random, in which case the EPDCCH is randomly allocated within one on the PRB pairs in the EPDCCH-PRB-set, assuming a low enough aggregation level is applied. The second option is to apply closed-loop PRB selection, utilizing UE’s sub-band CQI feedback for choosing the best candidate. However, a reference scheduler would be required for the closed-loop approach, in order to consistently map the reported CQIs to the localized EPDCCH candidates. There could also be difficulties in finding a good alignment, as the CQI errors would cause larger spread of the results.
From the two options of scheduling localized EPDCCH, the random candidate selection seems a better one, even if the SNR of the minimum requirement will be slightly higher; receiver sensitivity should anyway be tested with distributed allocation. However, if the SNR point is shown to be unrealistically high, follow wideband PMI –approach could be considered for localized EPDCCH testing. Wideband selection of rank-1 precoder is a robust functionality, and should not cause considerable spread in the alignment. In addition, there is no difficulty in defining a test setup, where the tester randomly selects localized EPDCCH candidates and follows the UE-reported wideband rank-1 PMI. Based on the discussion, we make the following proposals:
Proposal 2:
For the localized EPDCCH test cases, the EPDCCH candidates are scheduled randomly, without requiring sub-band CQI feedback from the UE.
Proposal 3:
For the precoding of localized EPDCCH, follow wideband PMI –approach could be considered.
3. PDSCH testing with EPDCCH
A way forward document on PDSCH sustained data rate test was noted for information in [2]. The introduction of a new PDSCH demodulation test was motivated by the reduced PDSCH processing time, due to the full‑subframe structure of EPDCCH. It is assumed that some of the UEs could be inadequately dimensioned for PDSCH processing, in case EPDCCH is used for scheduling of very large PDSCH transport blocks.

In basic Release-8 PDCCH detection, the blind decoding attempts can be started as soon as the PDCCH control area has been received, that is, after 1-4 OFDM symbols. For EPDCCH the full subframe needs to be received, in order to get all the necessary EPDCCH and DMRS REs for blind decoding. The early start of PDCCH detection is possible, if the CRS channel estimate is accurate enough already after receiving the OFDM symbols of the control channel area.
However, in Release-10 the mandatory eICIC feature implicitly restricts the CRS estimation. It is better to limit the serving cell CRS observation within ABS subframes, in order to avoid the heavy interference of non-ABS subframes. For an accurate enough CRS estimate, the UE is required to receive the CRS REs within the whole subframe, before starting PDCCH blind decoding. This excludes the use of early decoding with PDCCH and brings the PDSCH processing time to the same level as with EPDCCH-based DL grants.
In fact, a Release-10 UE should be dimensioned to support control channel blind decoding without the help of early decoding opportunity. Considering the UE implementation of Release-11 EPDCCH, it seems highly unlikely that the UE vendors would under-dimension the processing capability, especially when in the previous release, the UE is implicitly required to receive control channels and PDSCH with tightened processing time budget compared to Release‑8.

The PDSCH sustained data rate test could become challenging for a UE implementation, if very large timing advance value is used together with a large transport block size. However, that type of combination would only happen in an artificial test setup, as a very large TA value directly implies a long distance from the serving cell and therefore a relatively low MCS.
Considering that a dimensioning error in UE implementation is highly unlikely and that scenarios with large TA and TBS are artificial, we do not see the need for an additional PDSCH sustained data rate test. Therefore, we propose:
Proposal 4:
A sustained data rate test for PDSCH with EPDCCH is not introduced.
4. Conclusion 
In this contribution, we discussed the EPDCCH related demodulation test cases and their parameters. For EPDCCH test cases, we propose:

Proposal 1:
Higher aggregation levels are used in the distributed EPDCCH test, e.g. 8 or 16. For the test cases with localized EPDCCH, aggregation levels 2 and 4 can be considered.
Proposal 2:
For the localized EPDCCH test cases, the EPDCCH candidates are scheduled randomly, without requiring sub-band CQI feedback from the UE.
Proposal 3:
For the precoding of localized EPDCCH, follow wideband PMI –approach could be considered.
For EPDCCH-related PDSCH tests, we have the following proposal:

Proposal 4:
A sustained data rate test for PDSCH with EPDCCH is not introduced.
We ask the RAN4 group to take the provided discussion and proposals into account in the design of EPDCCH requirement scenarios.
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