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1 Introduction
In this paper, we present our views on Rel-11 ePDCCH UE demodulation performance requirements. We also propose some test procedures. 
2 Discussion
2.1 General UE Demodulation Tests
Rel-11 ePDCCH works in RAN1 are almost complete. In last RAN4#65 meeting on Nov. 2012, the core part of ePDCCH WI is closed. Now RAN4 should start working on defining Rel-11 ePDCCH UE demodulation performance requirements. 
While defining requirements for ePDCCH in RAN4, the current requirements for legacy PDCCH defined in 36.101 should be considered. Although some concepts of PDCCH design was re-used for ePDCCH design, there are a number of notable and distinct differences in ePDCCH characteristics as compared to legacy PDCCH. These differences will lead to difference in the required tests for RAN4. 
Some of the notable differences of ePDCCH and legacy PDCCH are listed below:
	#
	Feature
	Legacy PDCCH
	ePDCCH

	1
	Release
	Rel-8 onwards
	Rel-11 onwards

	2
	Supported type
	Distributed
	Localized and distributed transmission

	3
	Key performance contributor
	Frequency diversity gain
	Frequency selective gain (for localised) and Frequency diversity (for distributed)

	4
	Multiplexing and mapping
	TDM 

Mapped in to first 1-4 OFDM symbols
	FDM

Mapped in to 2/4/8 PRB-pairs

	5
	Colliding signal handling
	No colliding 
	· Rate matched around CRS/CSI-RS/PDCCH

· Skipped DM-RS

· Not transmitted in PRBs where PSS/SSS/PBCH present

· Not transmitted with PMCH/PRS

	6
	Antenna ports (RS for demodulation)
	Port#0-3 ( CRS
	Port#107-110 (i.e., #7-10)  ( ePDCCH DM-RS

	7
	RS sequence initialization 
	Cell specific. Depends on:

· Cell ID

· CP type
	UE specific. Depends on:

· Virtual cell ID (X) by higher layer signalling

· nSCID=2 (always)

	8
	Antenna port association
	Always linked with number of CRS antenna ports
	· Localised Linked with eCCE index

· Distributed: Specified in the spec

	9
	Supported transmission scheme
	SIMO

2Tx SFBC

4Tx SFTD
	Beam forming (non-code book based pre-coding) including CoMP DPS


	10
	Number of transmission layer
	1
	1 in Rel-11 from UE perspective

	11
	MU-MIMO Support
	No
	Could support, but not optimized in Rel-11

	12
	Modulation scheme
	QPSK
	QPSK 

	13
	Search space
	UE-specific and common search space
	Only UE-specific search space in Rel-11

	14
	Aggregation level
	1, 2, 4 and 8
	1/2/4/8/16/32 depending on sub-frame type and available REs in a PRB-pair (Xthresh). It could support 1/2/4/8/16/32



	15
	DCI multiplexing units and sizes
	CCE

1 CCE = 9 REG

1 REG = 4 RE
	eCCE

1 eCCE = N eREGs where N={2,4}

1 eREG = 9 REs

16eREGs per 1PRB-pair

4 or 2 eCCEs per 1 PRB-pair

	16
	Start search space index
	Linked with RNTI and sub-frame index
	Linked with RNTI and sub-frame index 

· New search space equation for L-ePDCCH
· TBD if same as Rel-10 search space equation or a new one for D-ePDCCH

	17
	Supported DCI formats
	All
	All USS formats (i.e., except for 3/3A and 1C)

	18
	Supported PDSCH transmission schemes
	TM1-TM10
	TM1-TM10

	19
	Supported sub-frame types
	All
	Based on higher layer signalling and explicit rules

	20
	Cross-carrier scheduling
	Supported
	Agreed to support cross-carrier scheduling for ePDCCH, but final details still yet to be agreed

	21
	Scrambling sequence initialization for PDCCH/ePDCCH data
	Based on cell ID
	Based on virtual cell ID (X) configured by higher layer signalling

	22
	UE behaviour
	UE monitor CSS & USS on PDCCH
	· UE monitor CSS on PDCCH

· UE monitor USS on ePDCCH if configured


RAN4 should also consider the similarities and differences between ePDCCH and PDSCH. ePDCCH is now demodulated based on DM-RS similar to PDSCH in TM7 to TM10. However, the construction and resource allocation of ePDCCH is much different than PDSCH (such as localized and distributed scheduling, grouping in eREG and eCCE etc). Hence, the demodulation performance is supposed to be different as compared to PDSCH, despite PDSCH chooses to use QPSK with same coding rate as ePDCCH.
In addition, in RAN1 a number of ePDCCH features are yet to be designed and left for Rel-12 (for example CSS feature for ePDCCH.). So, right now RAN4 should only consider the ePDCCH features defined for Rel-11.
Based on the above discussion, we make the following proposal:
Proposal 1: To define requirements for ePDCCH, RAN4 should consider reusing the existing legacy PDCCH and PDSCH test methodologies as much as possible and develop new requirements based on the differences between ePDCCH and legacy PDCCH/PDSCH features. 
The current specification 36.101 defines the following test metrics for legacy PDCCH:
From 36.101

The receiver characteristics of the PDCCH/PCFICH are determined by the probability of miss-detection of the Downlink Scheduling Grant (Pm-dsg). PDCCH and PCFICH are tested jointly, i.e. a miss detection of PCFICH implies a miss detection of PDCCH.
36.101 specifies combined PDCCH/PCFICH demodulation tests for single antenna port, and transmit diversity with 2Tx SFBC, 4 Tx SFTD and 2 Tx SFBC in ABS (eICIC, non-MBSFN and MBSFN). To know how many symbols have been used for legacy PDCCH, UE looks at PCFICH that includes the information. That’s why a combined test is currently necessary. The same looking at PCFICH would be needed to know the start symbol of ePDCCH. In addition, the location of the PRB-pairs for ePDCCH will be signalled to the UE by higher layers. So, in one hand, for ePDCCH basically there is a dependency on PCFICH and on the other hand, PCFICH is currently being tested with PDCCH. So, if another joint test is necessary with ePDCCH is not clear and needs discussion. So we propose:
Proposal 2: Discuss if joint test is needed for PCFICH and ePDCCH. 

For ePDCCH we need to test non-codebook based beamforming as it is based on DM-RS and uses non-code-book based precoding. In our opinion testing 2 Tx and 4 Tx cases would be good enough. Since ePDCCH supports TM1 to 10, CRS based TM test case is also needed. The tests would be demodulation tests and the test metric would be 1% probability of missed detection of downlink scheduling grant (Pm-dsg) similar to legacy PDCCH. The minimum SNR required to reach the 1% Pm-dsg would be the requirement.
· Test cases should be chosen for both localised and distributed ePDCCH 

· Aggregation values (low vs. high) need to be carefully chosen as in ePDCCH, eCCE and eREG are defined differently.
· Test cases should include test from the following two groups: CRS based TMs 1 to 7 and DM-RS based TMs 8 to 10 
· Channel also needs to be carefully chosen as the ePDCCH covers a fraction of the BW as compared to full BW coverage by PDCCH.

Hence we propose:

Proposal 3: RAN4 should introduce demodulation tests for ePDCCH.  Current PDCCH test metric 1% Pm-dsg can be re-used for ePDCCH.
2.2 UE Demodulation Tests for eICIC/FeICIC

Rel-10 eICIC will be supported in Rel-11. Currently, 36.101 defines one test each for FDD and TDD systems to test PDCCH/PCFICH demodulation in ABS in Rel-10 eICIC environment. Whether similar tests are needed for ePDCCH is a topic of discussion. However, ePDCCH tests wouldn’t be recommended in Rel-10 eICIC environment. Rather Rel-11 FeICIC environment could be considered. Instead of considering 6 dB CRE bias as in eICIC, FeICIC consideres 9 dB CRE bias. In addition, in FeICIC two interfering cells need to be explicitly modelled. Since DM-RS based channel estimation will be used for ePDCCH demodulation and CSR-IC receiver is expected for FeICIC environment, colliding CRS (CRSs of serving and interfering cells are colliding) and non-colliding CRS (CRSs of serving and interfering cells are non-colliding) are both expected not to have much impact. The underlying assumption of the above discussion has been synchronised ABS of the two interfering cells. The motivation of using ePDCCH instead of PDCCH is also not that clear in ABS. Hence, RAN4 should discuss if we need ePDCCH requirements are to be defined in FeICIC environment.
Proposal 4: RAN4 should discuss if ePDCCH requirements are to be defined in FeICIC environment. No need to consider eICIC environment.
2.3 Tests for Non-QCL Behaviours
The following are the QCL assumptions for ePDCCH: 

· Motivated by ePDCCH CoMP (i.e., DPS)

· Supports two behavior:

· ePDCCH Behaviour A:

· All ePDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with CRS for the serving cell

· ePDCCH Behaviour B1:

· EPDCCH DMRS ports shall not be assumed as quasi co-located with any RS port, with the following exceptions:

· Within each distributed ePDCCH set:

· All ePDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with a configurable CSI-RS resource

· Within each localized ePDCCH set:

· All ePDCCH DMRS ports may be assumed as quasi co-located w.r.t. {Delay spread, Doppler spread, Doppler shift, Average delay} with a configurable CSI-RS resource

· Exact behavior depends on transmission modes and/or signaling.

· TM1-9: 

· Behaviour A

· TM10: 

· RRC-configurable between behaviours A and B1.
· Semi-statically configured by legacy PDCCH, as Rel-11 UE still monitors legacy PDCCH CSS on all sub-frames, and legacy PDCCH USS on some sub-frames. 
· Signalling “QuasiCoLocation-CSI-RS-Index” indicates Behaviour B1. 

· QuasiCoLocation-CSI-RS-Index  is configured per ePDCCH set.
· If no signalling, then Behaviour A. 

We believe Behaviour B1 test is necessary for ePDCCH. As seen from above, in behaviour B1 ePDCCH DM-RS and CRS can be non-QCL. This means that CRS could be coming from a different TP and if this is used for time and frequency alignment, there could be errors. In geographically separated antenna WI, such tests are being discussed for non-TM10 PDSCH transmissions. In CoMP scenario we are considering to have similar tests for PDSCH for TM10. Since, ePDCCH structure is different, we believe behaviour B1 or non-QCL test is necessary for ePDCCH.
Proposal 5: RAN4 should define ePDCCH demodulation requirements for behaviour B1.

2.4 CSI Feedback Test 

Do we need subband CSI test for ePDCCH? The answer is “No”. What CSI information is used for scheduling ePDCCH in eNB is left implementation dependent in Rel-11 specification. So, network will take report from UE and appropriately select PRB-pairs for ePDCCH. In addition, it is also unspecified whether the UE assumes that the PDSCH is scheduled by ePDCCH or PDCCH for the purpose of CQI derivation. We propose:
Proposal 6: No need for any CSI tests for ePDCCH.

3 Conclusions

In this contribution, we presented our views regarding ePDCCH. We discussed what potential tests would be necessary for ePDCCH. Summary of proposals:
Proposal 1: To define requirements for ePDCCH, RAN4 should consider reusing the existing legacy PDCCH and PDSCH test methodologies as much as possible and develop new requirements based on the differences between ePDCCH and legacy PDCCH/PDSCH features. 

Proposal 2: Discuss if joint test is needed for PCFICH and ePDCCH. 

Proposal 3: RAN4 should introduce demodulation tests for ePDCCH.  Current PDCCH test metric 1% Pm-dsg can be re-used for ePDCCH.

Proposal 4: RAN4 should discuss if ePDCCH requirements are to be defined in FeICIC environment. No need to consider eICIC environment.
Proposal 5: RAN4 should define ePDCCH demodulation requirements for behaviour B1.

Proposal 6: No need for any CSI tests for ePDCCH.
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