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1
Introduction

In RAN4#66, the discussion started on EPDCCH performance requirements. A way forward document on test coverage and parameters was agreed in [1]. It was agreed that there will be no new CSI tests or BS demodulation tests related to EPDCCH. However, the discussion on EPDCCH demodulation performance requirements is still at an early stage, and there are still many issues to be discussed regarding test coverage and parameters for alignment simulations. In this contribution we share our views on some of the open issues of EPDCCH performance requirements.
2
Test coverage and methodology
Correct channel estimation implementation in a UE is vital for good EPDCCH demodulation performance. For EPDCCH, DMRS antenna ports 107-110 are used for localized transmission and 107 & 109 for distributed transmission, assuming normal cyclic prefix length, as stated in section 6.8A.5 of [2]. For localized transmission, it has been proposed earlier that all of the DMRS ports should be covered in a demodulation test. In fact, this goal is easily achieved, due to the antenna port association rules of localized EPDCCH.

The specification states on the antenna port association that a single antenna port is used, derived from the lowest ECCE index of a localized EPDCCH candidate, as described in section 6.8A.5 of [2]. The candidates are created based on the search space equation, given in section 9.1.4 of [3]. One of the properties of the search space equation is that there is an offset, calculated from the slot number, leading to a time-dependent shift of the ECCE indexes of the UE’s EPDCCH candidates. 
This property combined with the antenna port association rule of localized transmission creates a non-static, time-dependent DMRS antenna port association. Depending on the aggregation level and the other EPDCCH parameters, localized EPDCCH antenna port association switches between all the four possible DMRS ports or in some cases between a subset of the four DMRS ports. For distributed allocation, the antenna port association is static, and the same two ports are used for all of the distributed EPDCCH candidates. Hence, there is no need to explicitly specify, which DMRS antenna ports are utilized in a demodulation test for either localized or distributed transmission.
Observation 1:
-
There is no need to explicitly specify, which DMRS antenna ports are utilized in a demodulation test for either localized or distributed EPDCCH transmission.
For EPDCCH starting symbol and resource mapping, the network can configure the UE between three options:
1) EPDCCH + PDSCH TM1-9, starting symbol by CFI

2) EPDCCH + PDSCH TM1-9, starting symbol by epdcch-StartSymbol-r11
3) EPDCCH + PDSCH TM10, starting symbol by a PQI state, linked to a EPDCCH-PRB-set (pdsch-Start-r11)

For EPDCCH configured with PDSCH TM1-9, the configuration of using either CFI or RRC-parameter is shared between both EPDCCH-PRB-sets, if two sets are configured. Therefore, a UE cannot follow option 1 in one set and option 2 in another. For option 3, it is possible to set the pdsch-Start-r11 parameter to “assigned” state, which enables CFI-based starting symbol for TM10 related EPDCCH. Unlike with TM1-9, TM10 related EPDCCH can have CFI-based starting symbol in one set and a static starting symbol in the second set. All in all, the tight integration of EPDCCH configuration to PDSCH transmission mode can create a large number of test combinations.
For EPDCCH configured with TM1-9, it could be considered to test only the CFI based starting symbol selection, in order to reduce the number of test cases, if the only differentiating factor between the test cases would be the starting symbol configuration. However, if there is more than one TM1-9 related EPDCCH test case for other reasons, both options 1 and 2 can be considered in the test case design.
Observation 2:
-
For EPDCCH with TM1-9 PDSCH, there are two options for configuring the EPDCCH starting symbol, and testing of both options is not possible with one test case. 
The test case design for EPDCCH with TM10 PDSCH is more complicated, as one PQI state configuration defines a large set of parameters affecting the rate matching. For example, the CRS frequency shift is included in the RE mapping configuration of a PQI state. Testing multiple CRS rate matching configurations with a single-cell setup may prove to be difficult, and a multi-cell setup may be needed. On the other hand, it is difficult to test CoMP feature group 7-0 UE in a multi-cell setup, as the quasi-colocation references cannot be correctly configured, due to limitation to a single NZP CSI-RS resource. Therefore, feature group 7-0 UEs can be tested only for correct EPDCCH starting symbol handling, but the feature group 7-1 UEs can be tested also for multiple CRS and ZP-CSI-RS rate matching configurations. 
Observation 3:
-
For EPDCCH with TM10 PDSCH, UE’s capability of handling multiple CSI-RS resources affects the rate matching testing. Feature group 7-0 UEs can be tested only for the EPDCCH starting symbol. Feature group 7-1 UEs can be tested for EPDCCH starting symbol and for multiple CRS and ZP-CSI-RS rate matching configurations.
The quasi-colocation testing of EPDCCH with TM10 PDSCH should be combined together with RE mapping testing. The signaling of QCL and rate matching parameters are combined in the RRC specification and incorrect handling of the information element at the UE side can be tested with a single test. In addition, because of the low coding rates and QPSK modulation of EPDCCH, it may be difficult to separate correct and incorrect UE QCL behavior in a separate test. However, in order to penalize incorrect UE QCL behavior, a frequency and a time offset should be introduced, when EPDCCH rate matching is tested in a multi-cell setup.
Observation 4:
-
Introducing a separate test case for UE quasi-colocation behaviour for EPDCCH is not well motivated. The quasi-colocation behaviour should be tested together with EPDCCH rate matching.
In the previous meeting, MU-MIMO testing of EPDCCH was briefly discussed. However, MU-MIMO operation is transparent to the UE, and as such, regular demodulation performance requirements cover the minimum performance requirement of EPDCCH. The network can deploy MU-transmission of EPDCCH if needed, without mandating any special UE behaviour. 

Additional requirements for MU-interference suppression or cancellation would require specifying a reference receiver, which may prove to be very difficult, considering the time frame of RAN4 EPDCCH work. Hence, it is better to focus on creating a basic set of EPDCCH requirements at this point, and MU-MIMO operation can be considered later as an improved performance requirement.

Observation 5:
-
Considering the time frame of RAN4 EPDCCH work, specifying MU-MIMO requirements should be de‑prioritized.
3
Simulation parameters for alignment
For EPDCCH demodulation, the UE uses only DMRS ports. Because of the virtualized nature of DMRS ports, the number of physical antennas does not affect the UE behaviour in EPDCCH demodulation; only the UE feedback calculation is affected. For example, it is possible for a 1Tx eNodeB to send distributed EPDCCH transmission on antenna ports 107 and 109. Naturally there will be no spatial diversity gain, but the UE channel estimation and demodulation behaviour stays the same as with 2Tx.
From test case design perspective, the number of eNodeB antennas can be used for slightly affecting the received signal strength by closed-loop beamforming or by spatial diversity transmission. However, the benefits of such optimizations may not outweigh the need of increased number of channel faders needed in the testing. The number of channel faders becomes more important, if multi-cell tests are introduced. For EPDCCH demodulation tests, 2 Tx eNodeB antenna setup sounds reasonable from complexity point of view, enabling also some precoding and diversity gains in the transmission.
Observation 6:
-
Testing EPDCCH demodulation with multiple options in the number of Tx antennas does not seem necessary. eNodeB antenna setup of 2Tx could be considered. Multi-cell testing aspects should also be taken into consideration.
4
Conclusion
In this contribution, we discussed the testing methodology of EPDCCH by examining configurations, allowed by the specification, while also taking into account the time frame of RAN4 EPDCCH work. Based on the discussion, we made the following observations:

Observation 1:
-
There is no need to explicitly specify, which DMRS antenna ports are utilized in a demodulation test for either localized or distributed EPDCCH transmission.
Observation 2:
-
For EPDCCH with TM1-9 PDSCH, there are two options for configuring the EPDCCH starting symbol, and testing of both options is not possible with one test case. 
Observation 3:
-
For EPDCCH with TM10 PDSCH, UE’s capability of handling multiple CSI-RS resources affects the rate matching testing. Feature group 7-0 UEs can be tested only for the EPDCCH starting symbol. Feature group 7-1 UEs can be tested for EPDCCH starting symbol and for multiple CRS and ZP-CSI-RS rate matching configurations.
Observation 4:
-
Introducing a separate test case for UE quasi-colocation behaviour for EPDCCH is not well motivated. The quasi-colocation behaviour should be tested together with EPDCCH rate matching.

Observation 5:
-
Considering the time frame of RAN4 EPDCCH work, specifying MU-MIMO requirements should be de‑prioritized.
With regard to parameters for alignment simulations, we observed:

Observation 6:
-
Testing EPDCCH demodulation with multiple options in the number of Tx antennas does not seem necessary. eNodeB antenna setup of 2Tx could be considered. Multi-cell testing aspects should also be taken into consideration.
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