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Discussion and Decision 
1 Introduction 
With the completion of the Core Requirements for EPDCCH [1], the remaining Performance requirements [2] are needed to ensure timely Release 11 completion. In [3]-[5], preliminary discussions on the Performance requirements for the EPDCCH have started.

In this contribution, the impact of EPDCCH on the downlink performance requirements is discussed and the scope is proposed.    

2 Discussion
The UE demodulation performance as per TS 36.101 is covered by the following requirements: 

· Demodulation of PDSCH

· Demodulation of PDCCH/PCFICH, PHICH and PBCH

· Reporting of CSI

In subsequent sections, these requirements are discussed. Firstly, as reported in [4], although there were extensive discussions both Enhanced PHICH and Enhanced PCFICH are not introduced in Release 11. Furthermore, EPDCCH is not transmitted in PRB pairs that contain PBCH (or PSS/SSS). Therefore it is proposed that existing demodulation requirements of PHICH and PBCH can be reused with further impact due to Release 11 EPDCCH.

Currently, PDCCH demodulation tests are jointly tested with PCFICH as the latter informs on the number of symbols used for PDCCH. With EPDCCH, this joint PDCCH and PCFICH test is sufficient since PDCCH is still transmitted and CSS is sent in PDCCH. In other words, there is no need to have joint EPDCCH and PCFICH test.

Proposal 1: No impact on the existing PHICH, PCFICH, and PBCH PDSCH demodulation requirements due to EPDCCH.

2.1 PDSCH Demodulation 
There are no standard changes on PDSCH and no impact on PDSCH whether a PDSCH is scheduled from legacy PDCCH or Release 11 EPDCCH. Furthermore, the EPDCCH messages span both first and second slots, thus multiplexing of PDSCH and EPDCCH within a PRB pair is not permitted. 
Proposal 2: No impact on the existing PDSCH demodulation requirements due to EPDCCH.
2.2 EPDCCH Demodulation 
In Release 11, the following changes have been incorporated:

· The use of ECCE (Enhanced CCE) whose size is variable according to the CP length, frame structure type, special subframe configuration and the number of available REs within a PRB pairand is constructed from 4 or 8 EREGs (Enhanced REG). 

· However, the mapping of the EREG indices onto the RE in a PRB is new. Details on the mapping can be found in TS 36.213. The following summarized the number of EREGs per ECCE:
· 4 EREGs per ECCE:

· normal subframe with normal cyclic prefix, and

· special subframe configurations 3, 4, and 8 with normal cyclic prefix

· 8 EREGs per ECCE:

· Special subframe configuration 1, 2, 6, 7 and 9 with normal cyclic prefix

· Normal subframe with extended cyclic prefix

· Special subframe configurations 1, 2, 3, 5, and6 with extended cyclic prefix

· Both localized and distributed EPDCCH are supported and QPSK is the only modulation scheme for EPDCCH. For localized and distributed EPDCCH (where CRS is not used), the demodulation is based on DM-RS in the PRB(s) used for transmission of the EPDCCH. For localized EPDCCH transmission, only rank 1 SU-MIMO transmission is supported.

· The spatial diversity scheme for EPDCCH is implementation-dependent beamforming with supports 2 antenna ports per PRB pair.
Note also that distributed EPDCCH supports one additional high aggregation level compare to localized EPDCCH or legacy PDCCH to compensate for the smaller number of REs in an ECCE compared to a CCE. On the hand, all the existing DCI formats are supported and no new DCI format has been introduced in Release 11 for EPDCCH.
Currently in TS 36.101 (Section 8.4), the demodulation requirements for PDCCH and PCFICH are tested jointly as provided below as reference. 

Table 8.4.1-1: Test Parameters for PDCCH/PCFICH
	Parameter
	Unit
	Single antenna port
	Transmit diversity

	Number of PDCCH symbols
	symbols
	2
	2

	Number of PHICH groups (Ng)
	
	1
	1

	PHICH duration
	
	Normal
	Normal

	Unused RE-s and PRB-s
	
	OCNG
	OCNG

	Cell ID
	
	0
	0

	Downlink power allocation
	PCFICH_RA

PDCCH_RA

PHICH_RA 

OCNG_RA
	dB
	0
	-3

	
	PCFICH_RB

PDCCH_RB

PHICH_RB 

OCNG_RB
	dB
	0
	-3
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N

at antenna port
	dBm/15kHz
	-98
	-98

	Cyclic prefix
	
	Normal
	Normal


8.4.1.1
Single-antenna port performance

For the parameters specified in Table 8.4.1-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.4.1.1-1. The downlink physical setup is in accordance with Annex C.3.2.
Table 8.4.1.1-1: Minimum performance PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	10 MHz
	8 CCE
	R.15 FDD
	OP.1 FDD
	ETU70
	1x2 Low
	1
	-1.7


8.4.1.2
Transmit diversity performance

8.4.1.2.1
Minimum Requirement 2 Tx Antenna Port

For the parameters specified in Table 8.4.1-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.4.1.2.1-1. The downlink physical setup is in accordance with Annex C.3.2.

Table 8.4.1.2.1-1: Minimum performance PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1 
	10 MHz
	4 CCE
	R.16 FDD
	OP.1 FDD
	 EVA70
	2 x 2 Low
	1
	 -0.6


8.4.1.2.2
Minimum Requirement 4 Tx Antenna Port

For the parameters specified in Table 8.4.1-1 the average probability of a missed downlink scheduling grant (Pm-dsg) shall be below the specified value in Table 8.4.1.2.2-1. The downlink physical setup is in accordance with Annex C.3.2.

Table 8.4.1.2.2-1: Minimum performance PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	5 MHz
	2 CCE
	R.17 FDD
	OP.1 FDD
	 EPA5
	4 x 2 Medium
	1
	6.3


Thus, in existing Section 8.4.1.1 and 8.4.1.2, minimum performance of single antenna and transmit diversity is specified. The same format should be adopted for EPDCCH with DM-RS as the phase reference and also the inclusion of localized distribution which is not supported in PDCCH. 

The demodulation requirement of EPDCCH can also be considered to be similar with the demodulation of PDSCH since EPDCCH is transmitted in the data region of the subframe. Specifically, demodulation of EPDCCH can be viewed as demodulation of PDSCH with User-Specific reference symbols as provided in Section 8.3 of TS36.101. 
Proposal 3: 
· To define demodulation performance for localized and distributed EPDCCH for both single antenna port and transmit diversity. For transmit diversity, DMRS as phase reference is used instead of CRS with 2 Tx and 4 Tx Antenna Port, to be consistent with Release 10 PDCCH Transmit diversity demodulation requirements.

· Single-antenna port performance with localized transmission.
· Transmit diversity performance with 2Tx antenna port for distributed transmissions with DM-RS.
· SU-MIMO performance with 2Tx and 4Tx antenna port for localized transmissions with DM-RS.

2.3 CSI Reporting 
The existing feedback configuration and reporting modes in Release 10 continue to operate without any impact. New capabilities such as CSI processes, for example, due to DL CoMP, would be discussed under the CoMP work item. No foreseen impact on Release 10 CSI reporting tests are identified.

Proposal 4: No impact on CSI tests or measurements accuracy.   
3 Conclusion 
Based on the above considerations and if the above Proposal is agreeable, it can thus be proposed that the RRM Core requirements in Release 11 are not impacted by the introduction of EDPCCH.

Proposal 1: No impact on the existing PHICH, PCFICH, and PBCH demodulation requirements due to EPDCCH.

Proposal 2: No impact on the existing PDSCH demodulation requirements due to EPDCCH.

Proposal 3: 

· Define demodulation performance for localized and distributed EPDCCH for both single antenna port and transmit diversity. For transmit diversity, DMRS as phase reference is used instead of CRS with 2 Tx and 4 Tx Antenna Port, to be consistent with Release 10 PDCCH Transmit diversity demodulation requirements.

· Single-antenna port performance with localized transmission.

· Transmit diversity performance with 2Tx antenna port for distributed transmissions with DM-RS.

· SU-MIMO performance with 2Tx and 4Tx antenna port for localized transmissions with DM-RS.

Proposal 4: No impact on CSI tests or measurements accuracy.   
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