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1. Introduction
In RAN4 #68, almost all of the parameters of EPDCCH testing were finalized, with only few details remaining open until RAN4 #68bis. The details of the agreements were captured in the EPDCCH adhoc minutes in [1]. In this contribution, we discuss the remaining open issues of EPDCCH requirement scenarios and provide alignment results with the agreed simulation assumptions [2].
2. Results for distributed EPDCCH 
For distributed EPDCCH, 2 tests are agreed. For alignment purposes, we provide simulation results with agreed parameters [2]. The EPDCCH BLER curves for aggregation levels 4 and 16 are presented in Figure 1.
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Figure 1: BLER performance for distributed EPDCCH tests in FDD

In order to summarize the results, the SNR values for achieving 1% error rate are captured in Table 1. It should be noted that no impairment margins are considered in the performance figures.
Table 1: Required SNR for 1%-BLER with distributed EPDCCH

	Aggregation level
	SNR at 1%-BLER

	4
	0.6 dB

	16
	-5.6 dB


3. Results for localized EPDCCH 

For localized EPDCCH, there are tests for a co-located antenna deployment with DCI format 2C and for a non co-located deployment with DCI format 2D. However, it was not agreed in RAN4 #68, whether closed-loop precoding is applied in the localized EPDCCH tests. Therefore, we provide results with both precoding options: per‑PRB random precoding and follow-PMI. The final decision on the precoding assumption was agreed to be made in RAN4 #68bis [1].
In these simulations, EPDCCH scheduling is skipped in subframes that contain CSI-RS transmission to ensure stable aggregation level and coding rate. On the other hand, skipping CSI-RS subframes in an actual test will leave EPDCCH rate-matching over CSI-RS untested. For the final requirements, the scheduling behavior in CSI-RS subframes should be explicitly specified, based on the outcome of the discussion by the group.
The BLER results for aggregation level 2 in a co-located deployment are shown in Figure 2.
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Figure 2: BLER performance for localized EPDCCH with agg. 2 in FDD
For a non co-located deployment, aggregation level 8 results with DCI format 2D are shown in Figure 3. It should be noted that EVA5 channel is used instead of EVA70 given in the parameters in [2]. The use of EVA5 channel model was unofficially discussed at the RAN4 email reflector.
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Figure 3: BLER performance for localized EPDCCH with agg. 8 in FDD
To summarize the BLER performance of localized EPDCCH with different precoding assumptions, the SNR values for achieving 1% error rate are captured in Table 2. No impairment margins are considered in the performance figures.
Table 2: Required SNR for 1%-BLER with localized EPDCCH

	Test setup
	SNR at 1%-BLER

	Co-located agg. 2, random precoding
	9.8 dB

	Co-located agg. 2, follow PMI
	8.3 dB

	Non co-located agg. 8, random precoding
	0.6 dB

	Non co-located agg. 8, follow PMI
	-1.2 dB


It is observed that follow-PMI precoding brings roughly 1.5 dB gain over random precoding. However, some concerns have been raised earlier on having PMI reporting in a multi-cell, non co-located test case. Therefore it could be reasonable to use random precoding for EPDCCH with non co-located deployment.

Observation 1:
In localized EPDCCH with the agreed test parameters, follow-PMI precoding brings roughly 1.5 dB gain.

For the co-located test, it is observed that the required SNR is rather high. Applying follow-PMI could bring down the operating SNR. However, testing the monitoring subframe configuration may have some implications on sending PMI on uplink, as discussed in Section 4. Therefore, the precoding assumption should be considered together with the testing of monitoring subframe configuration.
4. Monitoring subframe configuration

In RAN4 #68, it was agreed to verify the functionality of RRC-signaled restriction on EPDCCH monitoring subframes in the localized EPDCCH testing. It was noted that the test methodology requires further discussion. 
In Release-11 EPDCCH RRC-configuration, the information field subframePatternConfig defines the subframes in which the UE shall monitor the UE-specific search space on EPDCCH [3]. The field is optional, but if configured, the UE shall skip monitoring of UE-specific search space on EPDCCH on the restricted subframes and monitor legacy PDCCH instead.
In legacy PDCCH testing, the test equipment uses UL-signaled HARQ information (NACK, ACK, statDTX) to calculate the PDCCH error rate. The error rate is calculated as a ratio (statDTX)/(NACK+ACK+statDTX). Assuming that a similar method is used for EPDCCH, evaluating UE’s time-domain behavior would then require that the test equipment is able to group HARQ statistics based on which DL subframe the feedback originates from. Based on that knowledge, the test equipment would then be able to detect, whether UE correctly follows the EPDCCH monitoring restrictions.
Assuming that the test equipment can group the HARQ feedback into two categories (HARQ information from restricted subframes and allowed EPDCCH subframes), it is possible to have at least two different strategies for testing the correct monitoring subframe behavior:

· Method 1
EPDCCH is scheduled in every DL subframe, but the UE is configured with the monitoring subframes to limit the number of subframes, where the UE monitors UE-specific search space on EPDCCH. Legacy PDCCH is not scheduled. Based on the HARQ information, it can be detected, if the UE does not follow the RRC-configuration and reports ACK or NACK from restricted subframes. Correctly behaving UE would not report anything (=statDTX) from restricted subframes. EPDCCH BLER can be calculated based on the HARQ information from the allowed EPDCCH subframes, hence, no additional test runs are required.
· Method 2
UE in configured with monitoring subframe restrictions. EPDCCH is scheduled on all the subframes, and in addition, legacy PDCCH is scheduled on the restricted subframes. Based on the PUCCH resource of HARQ information, it can be deduced, whether UE decodes EPDCCH or legacy PDCCH on the restricted subframes. This method verifies that the UE does not skip the decoding of both UE-specific search spaces on the restricted subframes. However, PUCCH resource configuration requires careful consideration as well as the test metrics themselves. In fact, Method 2 generates two separate control channel BLER metrics. In addition, a reasonable requirement for legacy PDCCH BLER would need to be ensured.
Currently, we have a slight preference towards Method 1, as there are less configured DL channels and less UL-based metrics in the test. Considering the time-frame for finalizing the EPDCCH work, adopting the easier approach is justifiable. From UE design point of view, there is no clear benefit from cheating and skipping both UE-specific search spaces in restricted subframes. UE will anyway decode common search space from legacy PDCCH in every subframe, and certainly every UE has the capability of decoding legacy PDCCH UE-specific search space.

In order to move forward with the testing of monitoring subframe configuration, it would be very helpful to have an opinion from test equipment vendors, whether the HARQ information grouping can be implemented in the TE with reasonable effort.
In addition, it should be discussed, which UL signals can be sent during the test, if HARQ information grouping is performed by the test equipment. Based on offline discussions, it seems that the UE should send only HARQ ACK/NACK on the uplink and nothing else, in order to have successful grouping of the HARQ information in the TE. Verifying the monitoring subframe configuration in a test case could mandate random precoding assumption for the EPDCCH, if uplink PMI reporting needs to be disabled.
Observation 2:
Verifying the correct UE behavior with monitoring subframes may impose restrictions on uplink signaling, e.g. restricting the use of PMI reporting.
5. Conclusion 
In this contribution, we provided preliminary alignment results for the agreed EPDCCH requirement scenarios. In addition, the EPDCCH precoding assumption and the monitoring subframe configuration were discussed. Based on the results and discussion, we made the following observations:
Observation 1:
In localized EPDCCH with the agreed test parameters, follow-PMI precoding brings roughly 1.5 dB gain.

Observation 2:
Verifying the correct UE behavior with monitoring subframes may impose restrictions on uplink signaling, e.g. restricting the use of PMI reporting.
We ask the group to take these observations into consideration, when finalizing the EPDCCH requirement scenarios.
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