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1. Introduction

The general objective of the “Interference mitigation for downlink control channels of LTE” WI [1] is to specify the demodulation requirements for the DL control channels with practical interference aware receivers that can be used for the inter-cell interference cancellation and suppression.
In this contribution we provide our views on the UE demodulation test cases to be defined in the scope of the DL control channel IM WI. In addition, we suggest the detailed test parameters based on the proposals in the companion paper on the interference models [2] and the link-level simulations provided in [3].
2. Discussion on the UE demodulation test cases

The set of the UE demodulation test cases already agreed to be introduced in the DL Control Channel IM WI scope is provided in Table 1 [4].
Table 1. Agreed DL control channel IM test cases

	#
	Control channel
	Network Type
	Duplexing
	CRS pattern
	Purpose

	1. 
	PDCCH / PCFICH
	Synchronous
	FDD
	Colliding
	Type A (LMMSE-IRC + CRS-IC) and Type B (E-LMMSE-IRC + CRS-IC) PDCCH/PCFICH receivers verification in synchronous NWs

	2. 
	
	
	
	Non-Colliding
	

	3. 
	
	
	TDD
	Colliding
	

	4. 
	
	
	
	Non-Colliding
	

	5. 
	PHICH
	Synchronous
	FDD
	Colliding
	Type A (LMMSE-IRC + CRS-IC) and Type B (E-LMMSE-IRC + CRS-IC) PHICH receivers verification in synchronous NWs

	6. 
	
	
	
	Non-Colliding
	

	7. 
	
	
	TDD
	Colliding
	

	8. 
	
	
	
	Non-Colliding
	

	9. 
	EPDCCH
	Synchronous
	FDD
	Non-Colliding
	Type A (CRS-IC) receiver verification in synchronous NWs (no PDSCH interference)

	10. 
	
	
	TDD
	Non-Colliding
	Type A (CRS-IC)  receiver verification in synchronous NWs (no PDSCH interference)

	11. 
	
	Asynchronous
	FDD
	NA
	Type A (LMMSE-IRC) receiver verification in asynchronous NWs


There are several general remaining details on the UE demodulation test cases that need to be decided.
Test cases for Type A and Type B IM receivers
As decided in the last meeting two different receiver types are expected to be supported for the PDCCH/PHICH receiver processing: Type A (LMMSE-IRC) and Type B (E-LMMSE-IRC). In our view, there is no need to define separate test cases for different receivers for PDCCH / PCFICH and PHICH test cases. Same test configurations (with CFIS = CFII = 1) can be used and different requirements can be introduced for different receivers.
Proposal #1:
Type A and Type B CCIM receivers are required to pass the same set of test demodulation test cases.
EPDCCH test cases for LMMSE-IRC verification
In the last meeting it was agreed to introduce EPDCCH demodulation test case to verify the CRS-IC operation for the non-colliding CRS scenarios under assumption of no PDSCH interference. In case of no PDSCH transmissions such test case cannot be used to verify that UE is capable of performing LMMSE-IRC processing in the synchronous networks. At the same time, asynchronous LMMSE-IRC test case may not verify correct LMMSE-IRC UE implementation (cannot check that interference covariance matrix is estimated on the DMRS). In our view, to have sufficient test coverage a new test cases for the synchronous networks with full PDSCH loading and colliding CRS patterns may be introduced to verify enhanced IM processing implementation.
Proposal #2:
Introduce a new EPDCCH test cases for the synchronous networks with full PDSCH loading and colliding CRS patterns to verify LMMSE-IRC implementation.
PDCCH/PCFICH and PHICH test cases for asynchronous networks

The link-level performance analysis in the companion paper [5] shows feasibility and robustness of using LMMSE-IRC receivers for the PDCCH/PCFICH/PHICH processing in the asynchronous network. Therefore, corresponding test cases are suggested to be introduced.
Proposal #3:
Introduce PDCCH/PCFICH/PHICH test cases for the asynchronous deployments to verify enhanced IM receivers performance.
3. Test case configuration

In this section we provide our views on the test case parameters for the agreed test cases based on the discussion in the companion papers.
3.1 Common test parameters

The common test parameters and simulation assumptions are provided in Table 2 (the parameters modified comparing to the previous agreements or not yet agreed by RAN4 are marked in red).

Table 2. Common test parameters
	Parameters
	Value

	System bandwidth
	10 MHz for the serving and interfering cells

	Duplexing mode
	FDD, TDD (Synchronous NW only)

	TDD UL-DL configuration
	0

	Special subframe configuration
	4

	Cyclic prefix
	Normal

	Number of interference cells
	2 interfering cells

	Interference power profile
	I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

	Time-frequency offset modelling for synchronous network
	Time offset: Interference cell #1 – 2us, Interference cell #2 – 3us

Frequency offset: Interference cell #1 – 200Hz, Interference cell #2 – 300Hz

	Time-frequency offset modelling for asynchronous network
	Time offset: Interference cell #1 – 1/3 subframes, Interference cell #2 – 2/3 subframes
No frequency offset

	Physical Cell ID
	Serving cell: 0

Colliding CRS: Interferer cell #1 - 6, Interferer cell #2 - 1

Non-Colliding CRS: Interferer cell #1 - 1, Interferer cell #2 – 6

	CRS ports
	Port 0 and 1

	Antenna configuration
	2x2, Low correlation

	Tx EVM
	6%

	Unused Serving cell RE-s and PRB-s
	OCNG


3.2 PDCCH/PCFICH test cases

The common PDCCH/PCFICH test case parameters are provided in Table 3 and the test specific parameters are given in Table 4.

Table 3. Common PDCCH/PCFICH test case parameters

	Parameters
	Value

	Serving cell PDCCH
	DCI Format 2 (43 bits – FDD, 46 bits – TDD)

	CFI
	CFIS = 1, CFII = 1

	PHICH Ng
	Synchronous network: Ng = 1/6 (i.e. number of PHICH groups = 2 for 10 MHz BW)
Asynchronous network: Ng = 1 (i.e. number of PHICH groups = 7 for 10 MHz BW)

	PHICH duration
	Normal

	Interference model for synchronous network
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding:

· N = 50% interference loading for PDCCH/PHICH.

· Guaranteed interference loading on a subframe basis (N% of all available CCEs are chosen to be active in each subframe)
· In each subframe, randomly pick one CCE from the set of empty CCEs. Repeat the procedure till the loading is equal N %.
· Unequal power boosting with uniform distribution from the [-6,6] dB range (uniformly random in log domain)

PCFICH interference is explicitly modelled

Power normalization 
· No PCFICH and CRS power scaling used.

· PDCCH/PHICH power normalization is applied for the active PDCCH/PHICH REs in each DL control region symbol. 
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· α is the power normalization factor

· NRE is the total number of active PDCCH/PHICH REs in a symbol (excl. CRS, PCFICH and un-allocated REs)
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is the power boosting coefficient of the i-th PDCCH/PHICH RE in a symbol in the linear domain before normalization 
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is the power boosting coefficient of the i-th PDCCH/PHICH RE in a symbol in the linear domain after normalization

PDSCH interference model:

· OCNG with 100% loading

	Interference model for asynchronous network
	Rel-11 Type A receiver asynchronous interference model (TS 36.101 B.5.2, 8.2.1.2.4)

	CRS assistance information
	Provided

	Performance metrics
	Pm-dsg vs SINR

PDCCH and PCFICH are tested jointly, i.e. a miss detection of PCFICH implies a miss detection of PDCCH


Table 4. PDCCH/PCFICH test cases

	Test number
	Network Type
	PDCCH AL
	Propagation Condition
	Antenna configuration
	CRS pattern

	PDCCH #1
	Synchronous
	2 CCE
	EPA5 for all cells
	2 x 2 Low
	Colliding

	PDCCH #2
	Synchronous
	4 CCE
	EPA5 for all cells
	2 x 2 Low
	Non-colliding

	PDCCH #3
	Asynchronous
	2 CCE
	EVA70 for all cells
	2 x 2 Low
	NA


3.3 PHICH test cases

The general PHICH test case parameters are provided in Table 5 and Table 6 and the test case specific parameters are given in Table 7.
Table 5. Common PHICH test case parameters

	Parameters
	Value

	CFI
	CFIS = 1, CFII = 1

	PHICH Ng
	Ng = 1 (i.e. Number of PHICH groups = 7 for 10 MHz BW)

	PHICH duration
	Normal

	PHICH FRC
	R.19 in the TS 36.101

	PDCCH Content
	UL Grant should be included with the proper information aligned with A.3.6

	Interference model for synchronous network
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding:

· N = 50% interference loading for PDCCH/PHICH.

· Guaranteed interference loading on a subframe basis (N% of all available CCEs are chosen to be active in each subframe)
· In each subframe, randomly pick one CCE from the set of empty CCEs. Repeat the procedure till the loading is equal N %.
· Unequal power boosting with uniform distribution from the [-6,6] dB range (uniformly random in log domain)

PCFICH interference is explicitly modelled

Power normalization 

· No PCFICH and CRS power scaling used.

· PDCCH/PHICH power normalization is applied for the active PDCCH/PHICH REs in each DL control region symbol. 

· 
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· α is the power normalization factor

· NRE is the total number of active PDCCH/PHICH REs in a symbol (excl. CRS, PCFICH and un-allocated REs)
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is the power boosting coefficient of the i-th PDCCH/PHICH RE in a symbol in the linear domain before normalization 
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is the power boosting coefficient of the i-th PDCCH/PHICH RE in a symbol in the linear domain after normalization

PDSCH interference model:

· OCNG with 100% loading

	Interference model for asynchronous network
	Rel-11 Type A receiver asynchronous interference model (TS 36.101 B.5.2, 8.2.1.2.4)

	CRS assistance information
	Provided

	Performance metrics
	Pm-an vs SINR


Table 6. PHICH FRC

	Parameter
	Unit
	Value

	Reference channel
	
	R.19

	Number of transmitter antennas
	
	2

	Channel bandwidth
	MHz
	10

	User roles (Note 1)
	
	W I1 I2

	Resource allocation (Note 2)
	
	(0,0) (0,1) (0,4)

	Power offsets (Note 3)
	dB
	-4 0 -3

	Payload (Note 4)
	
	A R R

	Note 1:
W=wanted user, I1=interfering user 1, I2=interfering user 2.

Note 2:
The resource allocation per user is given as (N_group_PHICH, N_seq_PHICH).

Note 3:
The power offsets (per user) represent the difference of the power of BPSK modulated symbol per PHICH relative to the first interfering user.

Note 4:
A=fixed ACK, R=random ACK/NACK.


Table 7. PHICH test cases

	Test number
	Network Type
	Number UEs
	Propagation Condition
	Antenna configuration
	CRS pattern

	PHICH #1
	Synchronous
	3
	EPA5 for all cells
	2 x 2 Low
	Colliding

	PHICH #2
	Synchronous
	3
	EPA5 for all cells
	2 x 2 Low
	Non-colliding

	PHICH #3
	Asynchronous
	3
	EVA70 for all cells
	2 x 2 Low
	NA


3.4 EPDCCH test cases

The general EPDCCH test case parameters are provided in Table 8 and test cases specific parameters are provided in the Table 9.

Table 8. EPDCCH simulation parameters

	Parameters
	Value

	Serving cell EPDCCH
	FRC #1: AL 2, Localized EPDCCH
FRC #2: AL 4, Distributed EPDCCH
DCI Format 2C (44 bits – FDD, 47 bits – TDD)

	Number of PDCCH symbols and EPDCCH start
	Distributed EPDCCH: CFI=2, EPDCCH starting symbols is derived from CFI

Localized EPDCCH: The EPDCCH starting symbol is 2. CFI = 1. EPDCCH starting symbol is RRC configured.

Aligned control regions and EPDCCH starting symbols in the serving and interference cells

	EPDCCH parameters
	Number of EPDCCH Sets Configured = 1
Distributed EPDCCH set PRBs {3, 17, 31, 45}
Localized EPDCCH set PRBs {0, 7, 14, 21, 28, 35, 42, 49}
EPDCCH is transmitted in all subframes
EPDCCH precoding model is in accordance to TS 36.101 B.4.4. and B.4.5

	Interference model
	Model #1: No PDSCH interference

Model #2: Full PDSCH interference model. Reuse TM9 interference model from Rel-11 Type A receiver requirements (TS 36.101 8.3.1.1A, B.5.4).

Model #3: Rel-11 Type A receiver asynchronous interference model (TS 36.101 B.5.2, 8.2.1.2.4)

	Performance metrics
	Pm-dsg vs SINR

	Time-frequency offset modelling for asynchronous networks
	1/3 and 2/3 subframes as timing offset for the 2 NCs 
No frequency offsets


Table 9. EPDCCH test cases

	Test number
	FRC
	Interference model
	Propagation Condition
	Antenna configuration
	CRS pattern
	NW type

	EPDCCH #1a
	FRC #1
	Model #1
	EPA5 for all cells
	2 x 2 Low
	Non-colliding
	Sync

	EPDCCH #2
	FRC #2
	Model #2
	EPA5 for all cells
	2 x 2 Low
	Colliding
	Sync

	EPDCCH #3
	FRC #2
	Model #3
	EVA70 for all cells
	2 x 2 Low
	NA
	Async


4. Conclusions

In this contribution, we have provided our views on the UE demodulation test cases for the DL Control Channel IM WI. In summary, we make the following proposals:

Proposal #1:
Type A and Type B CCIM receivers are required to pass the same set of test demodulation test cases.

Proposal #2:
Introduce a new EPDCCH test cases for the synchronous networks with full PDSCH loading and colliding CRS patterns to verify LMMSE-IRC implementation.
Proposal #3:
Introduce PDCCH/PCFICH/PHICH test cases for the asynchronous deployments to verify enhanced IM receivers performance.
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