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1. Introduction
Requirement scenarios for Release-11 EPDCCH were discussed in RAN4#67. There was good progress with the distributed EPDCCH tests, with only few parameters left open for further discussion. For the localized EPDCCH tests, some higher level test parameters were agreed, but the fine details are still open. The agreements from RAN4#67 are captured in a way forward document in [1]. In this contribution we discuss the remaining details of both distributed and localized EPDCCH tests.
2. Distributed EPDCCH 
The most important parameters of the distributed EPDCCH test cases were agreed in RAN4#67, however, some details were still left open, one of them being the choice of precoding vectors for antenna ports 107 and 109. Due to the antenna port association rules of distributed EPDCCH, it is possible to assign independent rank-1 precoders for ports 107 and 109 on per-PRB-pair basis. In the previous meeting it was envisioned to apply a random pair of non-identical precoding vectors from the Rel-8 rank-1 codebook for the distributed EPDCCH tests.
Using the agreed simulation assumptions, a set of link-level simulations were conducted, comparing different methods of choosing the precoding vectors for antenna ports 107 and 109. Two precoder assignment strategies were tested:
· Option 1: Random precoding. Two non-identical precoding vectors are chosen out of the 4 vectors in Rel-8 2Tx rank-1 codebook per-PRB-pair, per-TTI.

· Option 2: Static precoding. In all of the EPDCCH PRB-pairs,

· antenna port 107 is precoded with vector 
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· antenna port 109 is precoded with vector 
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The results of the comparison are given in Figure 1. More detailed listing of the simulation parameters are presented in Annex A in Table 2.
[image: image3.emf]-10 -8 -6 -4 -2 0 2 4

10

-2

10

-1

10

0

SNR [dB]

 BLER 

2x2, Distr. EPDCCH 10MHz DCI 2A (42+16CRC bit)

 

 

Agg. 4, EVA5, static prec.

Agg. 4, EVA5, rand. prec.

Agg. 8, EVA5, static prec.

Agg. 8, EVA5, rand. prec.

Agg. 16, EVA70, static prec.

Agg. 16, EVA70, rand. prec.


Figure 1: Distributed EPDCCH BLER performance
From the results in Figure 1, it is observed that the random selection of precoding vectors does not bring gain over a fixed precoder assignment. In fact, fixed precoders give marginally better BLER performance. This is caused by the uncorrelated 2x2 antenna setup, utilized in the test case. The eigen-directions of the uncorrelated channel are already randomized, and additional precoder randomization does not bring any performance benefit. The fixed precoders direct the signal power equally into the two main directions of the channel, ensuring a steady reception quality at any direction, randomized by the uncorrelated channel.
From the test case perspective, fixed precoders are easier implement in the test equipment. In addition, as there is no considerable BLER performance difference between fixed and random precoding, a fixed precoding scheme seems a good option for the distributed EPDCCH test cases.
The required SNRs for achieving 1%-BLER with a fixed precoder assignment are listed in Table 1. It should be noted that no impairment margins are considered in the results.

Table 1: Required SNR for 1%-BLER with distributed EPDCCH with fixed precoders

	Aggregation level
	SNR at 1%-BLER

	4
	0.3 dB

	8
	-2.5 dB

	16
	-5.6 dB


Based on the discussion, we make the following proposal:
Proposal 1:
For distributed EPDCCH test cases, adopt a fixed precoding scheme.
3. Localized EPDCCH 

For the localized EPDCCH tests, an agreement on high-level parameters was agreed in the previous meeting as listed in [1]. In this section, we discuss two aspects of testing localized EPDCCH: precoding and quasi-colocation impact.
During the discussion in RAN4#67, there were two different proposals for the precoder selection in localized EPDCCH testing. The first option is to use per-TTI random precoding and the second option is to apply closed-loop PMI selection. In order to see the performance difference between the two options, link-simulations were carried out. The results are presented in Figure 2. More detailed simulation parameters can be found in Annex B in Table 3.
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Figure 2: Localized EPDCCH, BLER performance with different precoding options
Based on the results, it is observed that closed-loop precoding brings roughly 1.5 dB gain over random precoding in case of localized EPDCCH. It should be noted that the EPDCCH candidate selection is randomized for both precoding options, i.e. no closed-loop CQI is utilized and the frequency domain scheduling of EPDCCH candidates is random. For follow PMI –curves, realistic channel estimation of CSI-RS is utilized for PMI selection in the UE.
Based on the shape of the BLER curves and the achievable precoding gain, no issues in follow PMI –method is observed. Therefore, closed-loop precoding (= follow PMI) is feasible for the localized EPDCCH test.
It should be noted that in the simulations, wideband PMI was used. Also, comparing the performance to that of the distributed EPDCCH cases, it is observed that localized EPDCCH requires considerably higher SNR. This is due to the lack of frequency domain scheduling gains of localized candidates. However, as explained in one of our earlier contributions [2], applying closed-loop FD-scheduling for localized candidates in a test case could prove very challenging. Therefore, the best way of reflecting more realistic operating SNR in the localized EPDCCH tests seems to be enabling follow PMI precoding.
Proposal 2:
For localized EPDCCH tests, use follow wideband PMI for precoding.
Another aspect in localized EPDCCH testing is the quasi-colocation impact. It has been preliminary agreed that there is a localized EPDCCH test with a quasi-non-colocated (QCL Type B) antenna port setup [1]. In order to see the effects of maximum QCL impact on localized EPDCCH performance, a set of link simulations was performed.
The intention is to see the performance difference between the two extreme cases:

· Ideal timing and frequency synchronization, no offsets applied

· Maximum offsets applied (2µs + 200Hz), no UE compensation, leading to largest error

The results of the comparison are presented in Figure 3. It should be noted that the comparison was made with DCI format 2C, in order to maintain comparability to results in Figure 2, although in the real test case DCI format 2D will be used (TM10 is configured for PDSCH). For this comparison, random precoding was applied in order to remove the effect of time/frequency error on PMI estimation from the BLER performance. The detailed simulation parameters are listed in Annex B in Table 3.
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Figure 3: Impact of quasi-colocation errors on localized EPDCCH BLER
It is observed that the maximum quasi-colocation impact is about 1 dB. Again, this was a comparison between ideal synchronization and the worst possible implementation, where the UE does nothing to compensate time/frequency errors. Real-life implementation is expected to have performance somewhere between these two extremes.

As the maximum QCL impact is visible, but on SNR terms, the effect is limited, it makes sense to include the QCL aspect in the preliminary agreed localized EPDCCH test with TM10 PDSCH (DCI format 2D). According to the results shown, it is not justifiable to adopt two different TM10 localized EPDCCH tests, with the only difference being QCL type. The observed 1 dB difference is not enough to get a clear differentiation. But with a combined test (e.g. TM10 EPDCCH rate matching and QCL in a same test), UEs can achieve up to 1 dB performance boost with a correct implementation. Naturally, the correct QCL behavior should be assumed in the reference receiver for alignment purposes.
Proposal 3:
For localized EPDCCH, the quasi-colocation behaviour should be tested in a combined test, i.e. no additional QCL-specific test case.
4. Conclusion 
In this contribution, we discussed the open issues of Release-11 EPDCCH testing. Based on the discussion and the presented simulation results, we made the following proposal for the testing of distributed EPDCCH:
Proposal 1:
For distributed EPDCCH test cases, adopt a fixed precoding scheme.

For localized EPDCCH testing, we have the following two proposals:

Proposal 2:
For localized EPDCCH tests, use follow wideband PMI for precoding.
Proposal 3:
For localized EPDCCH, the quasi-colocation behaviour should be tested in a combined test, i.e. no additional QCL-specific test case.
We ask the group to take these observations and proposals into account during the discussion on EPDCCH requirement scenarios.
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Annex A

In this annex, link-level simulation assumptions for distributed EPDCCH simulations are listed.
Table 2: Link simulation assumptions for distributed EPDCCH

	Parameter
	Value

	System bandwidth
	10 MHz FDD

	Carrier frequency
	2.0 GHz

	Antenna configurations, spatial correlation
	2x2, low correlation

	Tx EVM
	6%

	Channel model / Doppler spread (Hz)
	EVA5 (agg. levels 4 & 8)

EVA70 (agg. level 16)

	PDSCH transmission mode
	TM3

	DCI format
	2A

	Number of EPDCCH bits
	42 + 16CRC

	Size of PDCCH area
	2 symbols

	EPDCCH-PRB-set
	Agg. 4 and 8: 4 PRBs evenly distributed over the bandwidth

Agg.16: 8 PRBs evenly distributed over the bandwidth

	Codebook for precoding
	Rel-8 rank-1 codebook for 2-Tx

	EPDCCH precoding
	Option 1: Random precoding. Two non-identical precoding vectors are chosen out of the 4 vectors in Rel-8 2Tx rank-1 codebook per-PRB-pair, per-TTI.
Option 2: Static precoding. In all of the EPDCCH PRB-pairs, AP107 precoded with codebook index = 1, AP109 precoded with codebook index = 0

	CRS configuration
	2 CRS ports

	Channel estimation for EPDCCH demodulation
	DM-RS: Realistic channel estimation over 1 PRB pair

	Simulation length
	50000 subframes


Annex B

In this annex, link-level simulation assumptions for localized EPDCCH simulations are listed.

Table 3: Link simulation assumptions for localized EPDCCH

	Parameter
	Value

	System bandwidth
	10 MHz FDD

	Carrier frequency
	2.0 GHz

	Antenna configurations, spatial correlation
	2x2, low correlation

	Tx EVM
	6%

	Channel model / Doppler spread (Hz)
	EVA5

	PDSCH transmission mode
	TM9

	DCI format
	2C

	Number of EPDCCH bits
	42 + 16CRC

	Size of PDCCH area
	2 symbols

	EPDCCH-PRB-set
	8 PRBs evenly distributed over the bandwidth

	Codebook for precoding
	Rel-8 rank-1 codebook for 2-Tx

	CSI-RS configuration
	2Tx CSI-RS, 10ms periodicity

	PMI feedback delay
	6 ms

	EPDCCH precoding
	Option 1: Random precoding. Random precoding vector is chosen out of the 4 vectors in Rel-8 2Tx rank-1 codebook per-PRB-pair, per-TTI.

Option 2: Follow PMI. Precoding vector is selected according to closed-loop wideband PMI.

	CRS configuration
	2 CRS ports

	Channel estimation for EPDCCH demodulation
	DM-RS: Realistic channel estimation over 1 PRB pair

	Channel estimation for feedback
	CSI-RS: Realistic channel estimation

	Time/frequency tracking
	Ideal: No offsets applied, no estimation, no compensation
Maximum error case: 2µs and 200Hz offset applied, no estimation, no compensation

	Simulation length
	50000 subframes
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