3GPP TSG-RAN WG4 Meeting #78bis                                                              R4-162192
San Jose Del Cabo, Mexico, 11th-15th April, 2016
Agenda Item:	6.3.2
Source: 	Ericsson
Title: 	Evaluation on candidate receivers for synchronous network for PDCCH/PCFICH/PHICH and interference model
Document for:	Discussion

[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN4#78 meeting the following agreements were made for the receiver type for PDCCH/PCFICH/PHICH with simulation assumptions.
· Two types of reference IM Receiver structures for PDCCH/PCFICH/PHICH in synchronous networks
· Type A IM receiver: LMMSE-IRC + CRS-IC
· Type C IM receiver: E-LMMSE-IRC + CRS-IC 
· Assumptions on  number of co-processed REs for E-LMMSE-IRC receiver structure
· Colliding CRS: 2 REs for symbols #0 and symbols #1, #2 under assumption UE has information on PDCCH/PHICH interference presence on these symbols 
· Non-colliding CRS: 1 RE for symbol #0 and 2 REs for symbols #1 and #2 under assumption UE has information on PDCCH/PHICH interference presence on these symbols 
· Define different UE capabilities for the two types of IM Receiver structures 
· UE Capability #1: Support Type A IM receiver
· UE Capability #2: Support Type C IM receiver
· Interference model for PDCCH/PCFICH/PHICH IM receiver in synchronous networks 
· CFI values for serving cell and interference cell
· eIRC + CRS-IC: CFIS = 1, CFII = 1
· IRC +  CRS-IC : CFIS = 1, CFII = 1 ; CFIS = 3, CFII = 1 ; CFIS = 3, CFII = 3
· PDCCH/PHICH interference structure 
· random QPSK-modulated symbols with the SFBC-based precoding.
· PDCCH/PHICH interference loading 
· 50% loading level 
· PDCCH/PHICH power boosting
· Non-uniform power boosting with random value from -6dB to 6 dB
· Interference presence and power boosting modeling granularity is FFS 
· Option1 per-REG
· Option2 per-CCE
· Down-selection is done in next meeting, companies are encouraged to provide more inputs

· Common Simulation Assumptions
	Parameters
	Value

	System bandwidth
	10MHz for the serving and interfering cells

	Duplexing mode
	FDD, TDD (optional for the alignment simulations)

	TDD UL-DL configuration
	1

	Special subframe configuration
	4

	Cyclic prefix
	Normal

	Number of interference cells
	2 interfering cells

	Interference power profile
	High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB
Companies can provide results for other INR values

	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

	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



· PDCCH/PCFICH Simulation Assumptions
	Parameters
	Value

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

	CFI
	E-LMMSE-IRC + CRS-IC:
	CFIS = 1, CFII = 1
LMMSE-IRC + CRS-IC:
	CFIS = 1, CFII = 1
	CFIS = 3, CFII = 1
	CFIS = 3, CFII = 3

	PHICH Ng
	Ng = 1/6 (i.e. number of PHICH groups = 2 for 10 MHz BW)

	PHICH duration
	Normal

	Interference model 
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding:
· 50% interference loading for PDCCH/PHICH
· Either per-REG or per-CCE signal transmission granularity is allowed for simulation alignment
· Non-uniform power distribution (random power value from -6dB to 6 dB)
PCFICH interference is explicitly modelled
PDSCH interference model: 
· CFIS ≤ CFII: PDSCH is emulated via OCNG with 100% loading.
· CFIS > CFII: Per-PRB partial level model with 50% loading is used. Reuse Rel-11 Type A receiver TM4 interference model parameters (RI, modulation, precoding)

	CRS assistant 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



	Test number
	BW
	AL
	Propagation Condition
	Antenna configuration
	CRS pattern

	1
	10 MHz
	2 CCE
	EPA5 for all cells
	2 x 2 Low
	Colliding

	2
	10 MHz
	4 CCE
	EPA5 for all cells
	2 x 2 Low
	Non-colliding


· PHICH Simulation Assumptions
	Parameters
	Value

	CFI
	CFIS = 1, CFII = 1

	PHICH Ng
	Ng = 1 

	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
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding
· 50% interference loading for PDCCH/PHICH
· Either per-REG or per-CCE signal transmission granularity is allowed for simulation alignment
· Non-uniform power distribution (random from -6dB to 6 dB)
PCFICH interference is explicitly modelled
PDSCH is emulated via OCNG with 100% loading.

	CRS assistant information
	Provided

	Performance metrics
	Pm-an vs SINR



	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.



	Test number
	BW
	Number UEs
	Propagation Condition
	Antenna configuration
	CRS pattern

	1
	10 MHz
	3
	EPA5 for all cells
	2 x 2 Low
	Colliding

	2
	10 MHz
	3
	EPA5 for all cells
	2 x 2 Low
	Non-colliding



In this contribution we provide simulation results and proposals on the interference model. 
Discussions and simulation results
Interference model
The discussion of interference model focuses on the following items.
· Per CCE or per REG model
Even though based on per CCE is more practical from BS implementation point of view but per REG is even finer level for E-MMSE-IRC assumption and easier to implement from test equipment. 
Proposal 1: Take per REG as the interference model.
· Power normalization 
The power normalization issue was discussed in email reflector with different options provided as below.
Option 1: Apply unequal power level per REG randomly as uniform distribution in log domain from [-6, 6]dB without normalization.
Option 2: Apply unequal power level per REG randomly as uniform distribution in log domain from [-6, 6]dB with normalization within control region to achieve 0dB in average.
Option 3: Apply unequal power level per REG randomly as uniform distribution in linear domain achieving 0dB in average within control region.
First of all the purpose of having power normalization is to match the same assumption used for building E-MMSE-IRC matrix using full allocation with 0dB in average within the whole control region. So Option 1 is not valid for such purpose.
And as shown in Figure 1 as the histogram of Option 2 and Option 3 it can be seen the power distribution of Option 3 is strange in the sense of BS implementation. BS implementation is always performed in log domain. So we think the best solution is to take Option 2.
Proposal 2: Apply unequal power level per REG randomly as uniform distribution in log domain from [-6, 6]dB with normalization within control region to achieve 0dB in average.
[image: C:\Users\emaoche\Documents\RAN4\RAN4_78bis\CC-IM\hist_power_offset.png]
Figure 1 Histogram of Option 2 and Option 3 with 10000 drops

· 50% load allocation
It’s also proposed with different method to achieve 50% random allocation with options below.
 Model 1: Bernoulli random variable for each REG/CCE with p=0.5
Model 2a: Guaranteed 50% interference loading on a subframe basis (50% of all available REGs/CCEs are chosen to be active)
Model 2b: Guaranteed 50% interference loading for the wanted signal resources (50% of all available REGs/CCEs corresponding to the wanted signal are chosen to be active)
It should be not much difference in terms of performance and Model 2a is the most straight forward and easiest way to model.
Proposal 3: Take Model 2a with guaranteed 50% interference loading on a subframe basis (50% of all available REGs/CCEs are chosen to be active)
PCFICH/PDCCH
EMMSE-IRC
Figure 2~5 show the performance results of BLER of PDCCH with colliding CRS with AL=2 and non-colliding CRS with AL=4 with 50% NC load for both FDD and TDD using E-MMSE-IRC + CRS-IC receivers comparing to MMSE-MRC.
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 2 BLER of PCFICH/PDCCH with colliding CRS with CFI=1-1 in FDD
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 3 BLER of PCFICH/PDCCH with colliding CRS with CFI=1-1 in TDD
  [image: ][image: ]
					(a) Without normalization										(b) With normalization
Figure 4 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=1-1 in FDD
[image: ] [image: ]
					(a) Without normalization										(b) With normalization
Figure 5 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=1-1 in TDD

MMSE-IRC
Figure 6~17 show the performance results of BLER of PDCCH with colliding CRS with AL=2 and non-colliding CRS with AL=4 with 50% NC load for both FDD and TDD using MMSE-IRC + CRS-IC receivers comparing to MMSE-MRC with CFI options as CFI=1-1, CFI=3-3 and CFI=3-1.
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 6 BLER of PCFICH/PDCCH with colliding CRS with CFI=1-1 in FDD
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 7 BLER of PCFICH/PDCCH with colliding CRS with CFI=1-1 in TDD
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 8 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-3 in FDD
[image: ] [image: ]
					(a) Without normalization										(b) With normalization
Figure 9 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-3 in TDD
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 10 BLER of PCFICH/PDCCH with colliding CRS with CFI=3-1 in FDD
[image: ] [image: ]
					(a) Without normalization										(b) With normalization
Figure 11 BLER of PCFICH/PDCCH with colliding CRS with CFI=3-1 in TDD
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 12 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=1-1 in FDD
[image: ] [image: ]
					(a) Without normalization										(b) With normalization
Figure 13 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=1-1 in TDD
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 14 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-3 in FDD
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 15 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-3 in TDD
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 16 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-1 in FDD
[image: ]  [image: ]
					(a) Without normalization										(b) With normalization
Figure 17 BLER of PCFICH/PDCCH with non-colliding CRS with CFI=3-1 in TDD
PHICH
E-MMSE-IRC
Figure 18~21 show the performance results of BLER of PHICH with colliding CRS with AL=2 and non-colliding CRS with AL=4 with 50% NC load for both FDD and TDD using E-MMSE-IRC + CRS-IC receivers comparing to MMSE-MRC.
[image: ] [image: ]  
					(a) Without normalization										(b) With normalization
Figure 18 BLER of PHICH with colliding CRS with CFI=1-1 in FDD
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 19 BLER of PHICH with colliding CRS with CFI=1-1 in TDD
  [image: ] [image: ]
					(a) Without normalization										(b) With normalization
Figure 20 BLER of PHICH with non-colliding CRS with CFI=1-1 in FDD
[image: ] [image: ]
					(a) Without normalization										(b) With normalization
Figure 21 BLER of PHICH with non-colliding CRS with CFI=1-1 in TDD

MMSE-IRC
Figure 22~25 show the performance results of BLER of PHICH with colliding CRS with AL=2 and non-colliding CRS with AL=4 with 50% NC load for both FDD and TDD using MMSE-IRC+ CRS-IC receivers comparing to MMSE-MRC.
[image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 22 BLER of PHICH with colliding CRS with CFI=1-1 in FDD
 [image: ] [image: ] 
					(a) Without normalization										(b) With normalization
Figure 23 BLER of PHICH with colliding CRS with CFI=1-1 in TDD
  [image: ] [image: ]
					(a) Without normalization										(b) With normalization
Figure 24 BLER of PHICH with non-colliding CRS with CFI=1-1 in FDD
[image: ] [image: ]
					(a) Without normalization										(b) With normalization
Figure 25 BLER of PHICH with non-colliding CRS with CFI=1-1 in TDD

Based on the simulation results there are sufficient gains observed for both E-MMSE-IRC and MMSE-IRC with CRS-IC comparing to baseline MMSE-MRC so proper requirements should be defined accordingly. For the CFI options for MMSE-IRC the relative gain is similar but considering the unaligned CFI is considered as a typical condition in the network that the MMSE-IRC receiver can cope with it well it’s proposed to use CFI=3-1 for such test cases.
Proposal 4: Specify proper requirements for both E-MMSE-IRC+CRS-IC and MMSE-IRC+CRS-IC receivers for PDCCH/PCFICH and PHICH with sufficient gain observed.
Proposal 5: Use CFI=1-1 for E-MMSE-IRC+CRS-IC and CFI=3-1 for MMSE-IRC+CRS-IC.
Conclusion
This contribution provides more details of different receiver types of E-IRC and results with proposals as following.
Proposal 1: Take per REG as the interference model.
Proposal 2: Apply unequal power level per REG randomly as uniform distribution in log domain from [-6, 6]dB with normalization within control region to achieve 0dB in average.
Proposal 3: Take Model 2a with guaranteed 50% interference loading on a subframe basis (50% of all available REGs/CCEs are chosen to be active)
Proposal 4: Specify proper requirements for both E-MMSE-IRC+CRS-IC and MMSE-IRC+CRS-IC receivers for PDCCH/PCFICH and PHICH with sufficient gain observed.
Proposal 5: Use CFI=1-1 for E-MMSE-IRC+CRS-IC and CFI=3-1 for MMSE-IRC+CRS-IC.
[bookmark: _GoBack]Reference
[1] TS 36.101, v13.3.0
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