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1. Introduction
The RAN4 work on the EPDCCH WI [1] was started at RAN4 #64bis meeting. During the RAN4 #65 meeting it was agreed that there are no Core RRM and RF requirements impacts due to EPDCCH [2]. The further RAN4 work on the EPDCCH should focus on the UE demodulation part and the initial discussion on the topic was started in [3] and [4].
In this contribution we share our views on the EPDCCH impact on RAN4 UE demodulation performance requirements. In particular, in Section 2 we discuss the test setup for EPDCCH demodulation performance requirements. In Sections 3 and 4 we address the EPDCCH impact on the PDSCH demodulation and CSI reporting requirements, respectively. Finally, Section 5 provides the summary of our proposals.
2. EPDCCH demodulation performance requirements
The EPDCCH physical control channel was introduced in LTE Rel.11. Therefore a set of tests and requirements has to be defined by the RAN4 WG to verify the UE demodulation performance for EPDCCH.
Proposal 1: Define UE demodulation tests and requirements for EPDCCH.

Detailed discussion on the EPDCCH tests parameters is required since the complete reuse of the PDCCH or PDSCH test methodologies and parameters is not possible. Further in this section we share our views on the main aspects of EPDCCH demodulation test scenarios.
General test parameters 
The EPDCCH demodulation tests framework should be aligned with general parameters and assumptions used in PDCCH and PDSCH test methodologies. In particular we propose to use the following general parameters:
· Both FDD and TDD duplexing modes are tested;
· Normal CP;
· 10 MHz channel BW;
· 2x2 and/or 4x2 antenna configurations;
· Low and/or medium antenna correlations;

· EPA5, ETU70 and EVA70 channel models;
· Interference free environment (AWGN);
· CRS, CSI-RS are modeled to check the rate matching capabilities;
· OCNG for unused REs and PRBs;
· Downlink control region (PDCCH) length is 1 or 2 OFDM symbols;
· Practical and realizable channel and noise estimation;
· TX EVM of 6%.
Carrier type

One of the main EPDCCH design requirements is the ability to operate on the new carrier type (NCT). The existing EPDCCH design allows flexible resource element mapping which in general might be applied for NCT. However, the work on the NCT WI is still in progress and is expected to be finalized during the Rel.12 timeframe. Furthermore some of the EPDCCH design aspects still need to be specified for the NCT. For instance, to allow the NCT standalone operation the details of the common search space for EPDCCH need to be defined. So, at current stage the NCT scenario should not be considered for the development of EPDCCH demodulation requirements and a separate discussion on the NCT-specific EPDCCH requirements should take place in the scope of the NCT WI. So for the EPDCCH WI we suggest focusing at the legacy carrier scenarios.

Performance metrics
The EPDCCH is used to carry DCI transmissions. Similar to PDCCH, the EPDCCH performance may be characterized by two types of DCI decoding errors [5]:

· DCI false detection. This error occurs when the CRC check passes for the non-present EPDCCH transmission. The probability of this error depends on the CRC length (16 bits) and the number of blind decoding attempts. Usually it is at very low level (i.e. < 1e-3). Moreover, the probability of false detection does not depend on other transmission parameters and is not convenient to be used as the performance metric.
· DCI miss detection. This error occurs when the CRC check does not pass for transmitted EPDCCH. The probability of miss detection depends on the transmission parameters (e.g. code rate, diversity), propagation conditions (e.g. channel model, SNR) and receive processing algorithms.
Based on these observations we prefer to follow the PDCCH methodology and use the probability of DCI miss detection as the metrics for EPDCCH demodulation performance. In this case, the target requirements may be defined in the form of SNR required to achieve miss detection probability equal 1%.
Blind decoding
The EPDCCH receive processing relies on the blind decoding approach. The UE should perform blind decoding of all allowed DCI formats in its UE-specific search space for different aggregation levels. Blind decoding has major impact on the DCI false detection performance rather than on the miss detection performance. This effect was noted during the development of Rel.8 PDCCH/PCFICH demodulation requirements and it was agreed that blind decoding effects may not be taken into account in simulations. At the same time in practical tests the blind decoding will be indirectly tested. So for the EPDCCH framework we prefer to follow the same approach.
EPDCCH payload (DCI format)

The DCI carried by EPDCCH may contain DL or UL scheduling grants. In simulations this differentiation of DCI types does not make much sense. However for practical tests DL scheduling grants should be considered similar to the PDCCH test methodology. In this case DCI miss detection may be measured as the ratio of UL HARQ ACK/NACKs [5].

The choice of the DL scheduling grant DCI format for EPDCCH testing has impact on the effective code rate of the transmission and the supported set of EPDCCH aggregation levels. The transmission code rate may be alternatively adjusted by the proper choice of the EPDCCH format (i.e. aggregation level). At the same time the set of used aggregation levels may depend on the used DCI format. For instance, one of the cases when the aggregation level 32 is allowed is the case when DCI formats 2, 2A, 2B, 2C or 2D is used and NDLRB ≥ 25. So to enable testing of the full set of EPDCCH aggregation levels (i.e. aggregation levels 1 to 32) the support of both DCI formats 1 and 2 may be needed. Thereby we suggest reusing the PDCCH methodology and further consider DCI Format 1 and Format 2. The exact payload values may also be aligned with the PDCCH tests.
EPDCCH transmission modes
The UE may be configured to have localized or distributed EPDCCH transmissions for each EPDCCH set. These modes have different implementations (e.g. RE mapping, beamforming, antenna port mapping) and should be separately tested.
· Localized EPDCCH. This mode may be used when frequency selective CSI is available. The eNodeB may apply UE specific precoding and frequency selective scheduling to enhance performance of the EPDCCH transmission. One important aspect that needs to be clarified for localized EPDCCH demodulation tests is the beamforming model. The goal of demodulation tests is to verify correct processing of EPDCCH at the RX side and so it is reasonable to assume a random beamforming model. In particular, a model similar to the one used for DMRS based PDSCH demodulation tests methodology (TS 36.101 B.4.1) may be reused. Some modifications may need to be applied to this model to get aligned with EPDCCH usage model. For instance, the precoders for different EPDCCH PRB pairs may be assigned independently. 
· Distributed EPDCCH. This mode is used when accurate CSI is not available or wideband CSI is available only. The distributed frequency resource allocation is combined with spatial diversity transmission based on the implementation-dependent beamforming. The EPDCCH performance may vary depending on the random beamforming implementation at the TX side and the exact model used for tests should be agreed by RAN4. One simple option that may be adopted is to assign a random pair of non-identical precoding vectors from the LTE codebook per each EPDCCH PRB pair.
In essence, we think that a new EPDCCH beamforming model should be further discussed and agreed by the RAN4 WG. The agreed model should be captured in the TS 36.101 similar to the existing PDSCH beamforming model.
EPDCCH start OFDM symbol

The EPDCCH start OFDM symbol may be configured either using explicit RRC signaling or derived from PCFICH. To check the UE receive processing capabilities both variants of EPDCCH start OFDM symbol configuration should be considered in the demodulation tests. If the starting symbol is derived from CFI then EPDCCH and PCFICH should be tested jointly. In this case the CFI error will automatically cause EPDCCH miss detection due to wrong EPDCCH de-mapping assumptions. If the starting OFDM symbol is derived from the higher-layer signaling, then the scenario with non-aligned CFI and EPDCCH start symbol (i.e. EPDCCH start symbol is larger than the CFI value) is of interest to verify correct RE de-mapping assumption.
Other EPDCCH parameters

· Number of EPDCCH sets. One or two EPDCCH sets may be configured per UE. The number of sets does not have impact on the demodulation performance requirements and thus one set can be considered to simplify testing. However, if there will be more than one EPDCCH test, then one and two EPDCCH sets for different tests may be used to ensure that UEs support both options. If two EPDCCH sets are specified, then the respective EPDCCH parameters (i.e. PRB pair configuration, type, PUCCH resource offset and others) need to be defined for each set.
· EPDCCH set PRB pair configuration. The choice of the number of EPDCCH PRBs has impact on the maximum aggregation level and should be selected to check all possible aggregation levels. In case of using a single EPDCCH set, 8 PRB pairs may be recommended. The positions of EPDCCH PRBs have impact on the degree of frequency diversity and recommended to be set uniformly distributed across the bandwidth.

· EPDCCH format. Different EPDCCH formats and aggregation levels need to be analyzed.
· DMRS scrambling sequence. The choice of the EPDCCH DM-RS scrambling sequence does not have impact on the UE demodulation performance and arbitrary value may be used.
· EPDCCH subframe pattern. The EPDCCH transmission at each DL subframe may be assumed.
· EPDCCH PUCCH format 1a/1b resource starting offset. Similar to PDCCH, the EPDCCH has impact on the PUCCH resource allocation for HARQ feedback. The choice of the PUCCH resource starting offset does not have impact on the DCI miss detection performance and thus may not be considered in the simulations. However, the correct UE implementation may be indirectly tested in the practical test setup (i.e. via measurements of HARQ feedback in the PUCCH resources corresponding to the EPDCCH transmission).
· RNTI. The choice of the RNTI does not have impact on the UE demodulation performance in case of single-user transmission and arbitrary value may be used. In case of simultaneous transmission the RNTI values determine the used set of antenna ports.

Simultaneous EPDCCH transmission
The EPDCCH transmissions to different UEs may be multiplexed in the same resources. The test scenarios should consider cases with and without interfering simultaneous transmission on the other antenna port. In case of presence of the simultaneous EPDCCH transmission several additional aspects should be addressed:

· To enable simultaneous transmissions on the orthogonal antenna ports the EPDCCH aggregation level needs to be chosen to be more or equal to 2 and the UEs RNTIs should be chosen with regards to the EPDCCH antenna port assignment equations.
· The EPDCCH beamforming model should be further clarified. In general it should follow the principles of the PDSCH test methodology when two random non-equal precoding vectors are assigned for simultaneous transmissions.

EPDCCH scheduling assumptions

The EPDCCH design allows using frequency-selective scheduling at the eNodeB side. However this functionality relies more to the part of CSI reporting tests. So non-frequency-selective EPDCCH scheduling is recommended to be considered for EPDCCH demodulation part. In particular, a fixed (e.g. first) or random EPDCCH candidate from the full EPDCCH candidates set can be assigned. From the simulation perspective the choice of the EPDCCH candidate does not have any impact and for the practical test setup the only limitation that should be considered is that the EPDCCH is restricted to be in the UE-specific search space.
Antenna ports quasi co-location for EPDCCH

In accordance to the current RAN1 agreements there are two possible behaviors for EPDCCH in terms of antenna ports co-location. For Type A behavior, all EPDCCH DMRS ports may be assumed as quasi co-located w.r.t. Doppler shift, Doppler spread, average delay, and delay spread with CRS for the serving cell. For Type B behavior EPDCCH DMRS ports shall not be assumed as quasi co-located with any RS port except that EPDCCH DMRS ports within a specific EPDCCH set may be assumed as quasi co-located with a configurable CSI-RS resource. In TM 1-9, Type A behavior is supported, while in TM 10 the behavior is RRC-configurable.

For the baseline EPDCCH demodulation tests an assumption that all APs are quasi-colocated may be used. Meanwhile, a further discussion is needed for EPDCCH testing in the assumption of geographically separated antennas. The goals of the related testing are to verify correct UE implementation under an assumption of certain frequency and timing offsets between different transmission points. The RAN4 WG should decide whether to treat this topic in the EPDCCH WI agenda or in the framework of “non-TM10 UE demodulation and CSI requirements for geographically separated antennas” discussion.

eICIC / FeICIC

For the baseline EPDCCH demodulation tests the interference free AWGN environment should be assumed. At the same time, similar to other physical channels the EPDCCH demodulation performance in case of using eICIC/FeICIC mechanisms should be additionally tested. The question on whether to treat eICIC/FeICIC specific tests in the scope of the EPDCCH topic or in some other agenda item should be discussed by the RAN4 WG. Afterwards, a more detailed discussion on the tests scope may be initiated.
Receiver Model
Both baseline (LMMSE and LMMSE-MRC) and advanced interference rejection (LMMSE-IRC) receivers may be used for EPDCCH. The main EPDCCH tests should be for the AWGN environment and the baseline receiver is the preferred option. However, if some additional tests will assume explicit modeling of signals from more than one BS, then advanced receivers may be also considered.
Summary

The detailed list of proposed parameters for EPDCCH demodulation test scenarios is summarized in Table 1. 
Table 1: Parameters for EPDCCH demodulation test scenarios 
	Parameter
	Proposed Value

	Metrics

	Performance metrics
	DL scheduling grant miss detection probability

	Performance requirement
	SNR required to achieve DL scheduling grant miss detection probability = 1%

	General parameters

	Duplexing
	FDD, TDD

	CP
	Normal

	Channel bandwidth
	10 MHz

	Antenna configuration
	2x2 and/or 4x2; low and/or medium correlation

	Channel model
	EPA5, ETU70 and EVA70

	Channel estimation
	Practical channel and noise estimation

	TX EVM
	6%

	Interference environment
	AWGN

	Unused REs and PRBs
	OCNG; CRS, CSI-RS explicitly modeled

	Downlink control region (PDCCH) length
	1 or 2 OFDM symbols

	Receiver
	Baseline (LMMSE)

	EPDCCH specific parameters

	DCI Format
	DCI Format 1, DCI Format 2

	Number of EPDCCH sets
	1 EPDCCH set (baseline),  2 EPDCCH sets (optional)

	EPDCCH PRB pair configuration
	8 uniformly distributed PRB pairs per EPDCCH set

	Type of the EPDCCH set
	Single EPDCCH transmission: both localized and distributed need to be tested
Simultaneous EPDCCH transmissions: localized

	EPDCCH DMRS scrambling sequence initialization value
	Arbitrary value (0..503)

	EPDCCH subframe pattern
	EPDCCH decoding in all subframes

	EPDCCH starting OFDM symbol
	1) Start OFDM symbol is derived from CFI

· EPDCCH and PCFICH are tested jointly
· CFI error causes EPDCCH miss detection

2) Start OFDM symbol is signaled via higher layers

· EPDCCH start OFDM symbol = 3; CFI = 2

	Blind decoding
	Not taken into account in the simulations

	EPDCCH format
	Single EPDCCH transmission: all formats
Simultaneous transmission: aggregation level is more or equal to 2

	EPDCCH beamforming  model
	EPDCCH-specific beamforming model is introduced

· Distributed EPDCCH: a random pair of non-identical precoding vectors from the LTE codebook is assigned per PRB pair, other details FFS

· Localized EPDCCH: random beamforming model similar to PDSCH, details FFS 
Precoder update granularity:

· Frequency domain: 1 EPDCCH PRB pair
· Time domain: 1 ms

	Scheduling assumptions
	Simultaneous EPDCCH transmissions: fully overlapping EPDCCH transmissions

	RNTI
	Single EPDCCH transmission: arbitrary value

Simultaneous EPDCCH transmissions: RNTIs are chosen in order to have non-overlapping EPDCCH antenna ports


Proposal 2: Consider the observations on different aspects of EPDCCH demodulation tests provided in Section 2 and adopt proposed test parameters in Table 1 when defining EPDCCH demodulation test scenarios.

3. PDSCH demodulation performance requirements
The EPDCCH design has impact on the PDSCH demodulation performance and thus some modifications to the PDSCH tests may be needed.
PDSCH/EPDCCH multiplexing
In general case the PDSCH resource allocation may overlap with the EPDCCH resources. The PRB pairs where EPDCCH transmissions may occur are higher-layer configured while the EPDCCH transmission to a particular UE may occupy only a portion of these resources. According to the RAN1 agreements the UE shall assume that the PDSCH scheduled by EPDCCH is rate-matched around the PRB pair(s) containing its DL assignment. Furthermore, the EPDCCH PRBs may break the PDSCH PRB bundling, and thus impact the channel estimation. Therefore the correctness of PDSCH operation in the presence of overlapping EPDCCH transmissions needs to be tested.
Start OFDM symbol

The EPDCCH start OFDM symbol index has impact on the PDSCH starting position. For TM1-9 if the PDSCH is assigned by EPDCCH received in the same serving cell and if the UE is configured with the higher layer parameter epdcch-StartSymbol-r11 then the PDSCH starting position is same as for EPDCCH. So the impact of higher layer signalling of the EPDCCH starting OFDM symbol on the PDSCH needs to be reflected in the PDSCH demodulation tests.
Reduced PDSCH decoding time

Since the EPDCCH spans the entire subframe, the time available for PDSCH decoding is reduced comparing with scheduling via PDCCH. The reduction of the processing time depends on the time required for EPDCCH processing (i.e. channel estimation and blind decoding). This issue was raised in RAN1 and it was noted that this may cause some PDSCH decoding problems in case of large PDSCH transport blocks and large timing advance. However, no consensus was reached in RAN1 and no solutions were adopted to resolve this issue. More detailed discussion in RAN4 WG may be needed to understand whether any modifications to the PDSCH test requirements are needed and whether a specific stress test for decoding time should be introduced.
Summary

Based on the observations provided in this section we think that certain modifications to the PDSCH demodulation tests are needed to take into account the EPDCCH impact. Further discussion is needed to clarify the exact scope of modifications.

Proposal 3: Modifications to the PDSCH demodulation tests are needed to take into account the EPDCCH impact.

4. CSI reporting requirements
The Rel.10 LTE CSI reporting mechanism is reused for EPDCCH. The existing CQI and PMI reports may be used at the eNodeB side to perform scheduling and to apply UE-specific beamforming for EPDCCH transmissions. At the same time the existing CSI reporting tests and requirements already verify correct CQI/PMI/RI reporting by the UEs. So in our opinion the EPDCCH will not have any impact on CSI reporting requirements and new additional CSI tests or any modifications to the existing CSI tests are not needed.
Proposal 4: Do not introduce new CSI reporting tests for EPDCCH.

5. Conclusions
In this contribution we have provided our views on the EPDCCH impact on RAN4 UE performance requirements for EPDCCH demodulation, PDSCH demodulation and CSI reporting. We summarize that the EPDCCH has rather big number of different technical aspects which need to be reflected in the respective tests and further detailed discussion in the RAN4 WG is needed to align views on the tests scenarios.

Finally, we provide the complete list of our proposals:

Proposal 1: Define UE EPDCCH demodulation tests and requirements.

Proposal 2: Consider the observations on different aspects of EPDCCH demodulation tests provided in Section 2 and adopt proposed tests parameters in Table 1 when defining EPDCCH demodulation test scenarios.

Proposal 3: Modifications to the PDSCH demodulation tests are needed to take into account the EPDCCH impact.

Proposal 4: Do not introduce new CSI reporting tests for EPDCCH.
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