Page 1

3GPP TSG-RAN WG4 Meeting #82

R4-1700542
Athens, Greece, 13 - 17 February 2017
Agenda item:
7.31.2
Source:
Intel Corporation
Title:
Discussion on Enhanced CRS-IM
Document for:
Discussion
1. Introduction

In RAN #73 meeting the “LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements” WI was approved [1]. The work item has the following objectives on the CRS-IM enhancements:
	· Investigate feasibility and specify requirements for the CRS-IM receivers for the generic scenarios with different number of CRS APs (2, 4) and different number of UE receive antennas for synchronous networks.

· Stage 1: Investigate performance benefits and feasibility of using CRS-IM receivers.

· Stage 2: Specify UE demodulation and CSI reporting performance requirements to verify practical CRS-IM operation for the identified scenarios based on the outcome of Stage 1.


In RAN4 #80bis and RAN4 #81 meetings multiple agreements on the Enhanced CRS-IM were reached and are captured in the WFs [2-5]. In this contribution we provide our further views on the enhanced CRS-IM scenarios, simulation assumptions and reference receiver assumptions.

2. Scenarios and simulation assumptions

2.1 Number of explicitly modelled interference cells

In accordance to the RAN4 #81 agreements 2 interference cells should be explicitly modelled for the majority of test cases, meanwhile, further discussion on the number of cells may be needed for the scenarios with large number of TX and RX antennas chains [4]:
	· Number of explicitly modelled interference cells
· Baseline: 2
· FFS between 1 and 2 for 4 CRS APs + 4RX scenarios


The number of explicitly modelled interference cells has direct impact on the number of faders and hence on the test cost. In Rel-13, the maximum number of complex faders in the demodulation test cases is limited by 32. In our view, it is reasonable to keep the same constraint for the Rel-14 demodulation requirements. In Table 1 we provide estimates of the number of faders for different scenarios. It may be observed that in case of explicit modeling of 2 interference cells, a high number of faders may be required for the scenarios with 4 RX antennas and 4 CRS APs in the interference cells. To avoid the test complexity issues, a single dominant interferer can be used for the particular test cases.
Table 1. Number of faders for different scenarios

	Number of CRS APs (S/I1/I2)
	Number of RX chains
	Number of faders for 2 interference cells
	Number of faders for 1 interference cell

	2/2/2
	2
	12
	8

	4/2/2
	2
	16
	12

	2/4/4
	2
	20
	12

	4/4/4
	2
	24
	16

	2/2/2
	4
	24
	16

	4/2/2
	4
	32
	24

	2/4/4
	4
	40
	24

	4/4/4
	4
	48
	32


Proposal #1:
Explicitly model 1 dominant interferer for the scenarios with 4 RX chains and 4 CRS APs in the interference cells. 
2.2 PDSCH scenarios

The following agreements on the PDSCH evaluation scenarios were reached in RAN4 #81 [4]:

	· Baseline scenarios for further studies
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· Companies are also encouraged to bring results and analysis for additional scenarios 
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· Non-colliding CRS Cell ID pattern(S/I1/I2): 0/1/6
· Interference profile for PDSCH test cases

· Reuse Rel-13 CRS-IM interference model: 

· I1/Noc = 10.45 dB; I2/Noc = 4.6 dB; 20% RU
· De-prioritize TM10 CRS-IM enhancements

· PDSCH FRC 

· Option 1: MIMO Rank 1 + 16QAM 1/2

· Option 2: MIMO Rank 1 + 64QAM 1/2

· Other MCS levels are not precluded and companies to bring inputs on additional scenarios


PDSCH demodulation test cases
Based on the simulation results in the companion paper [6], the performance benefits of using CRS-IM were confirmed for all baseline scenarios 1-4. For the additional scenarios 5-6 the performance improvement can be achieved under assumption of applying further enhancements to the LMMSE-IRC processing. For the scenario #7, performance improvement was observed, but may be difficult to test and additional investigation may be required. Therefore, it is suggested to proceed with the definition of the demodulation performance requirements for the scenarios summarized in Table 2. Meantime, RAN4 is recommended to continue discussion on the additional scenarios 5-7.
Table 2. PDSCH demodulation test cases for performance requirements definition
	Test
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	Serv. cell
	Interf. cell

	1
	TM4
	Non Colliding
	2
	4
	4

	2
	TM4
	Non Colliding
	4
	2
	2

	3
	TM9
	Non Colliding
	4
	2
	2

	4
	TM4
	Non Colliding
	4
	4
	4


Table 3. PDSCH demodulation test cases for additional analysis / discussion
	Test
	TM
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	
	Serv. cell
	Interf. cell

	5
	TM4
	Colliding
	2
	4
	4

	6
	TM4
	Colliding
	2
	4
	2

	7
	TM4
	Colliding
	2
	2
	4


In Table 3 we summarize the proposals on the simulation assumptions for further RAN4 work on the definition of the demodulation requirements. 
Table 4. PDSCH simulation assumptions
	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: 0/1/6

Colliding CRS: 0/6/1

	Interference power profile
	INR1 = 10.45 dB

INR2 = 4.6 dB

	Time offset between cells
	Cell 1: 3 µs

Cell 2: -1 µs

	Frequency offset between cells 
	Cell 1: 300 Hz

Cell 2: -100 Hz

	Channel model
	EVA-5Hz for all links

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ retransmissions

	TDD parameters
	Uplink downlink Configuration: 1

Special subframe configuration: 4

	CSI-RS configuration for serving cell in TM9 test
	FDD:

Number of CSI-RS ports : 2

CSI-RS periodicity and subframe offset : 5/2
CSI reference signal configuration : 0
Zero-power CSI-RS configuration : 3 /0001000000000000
TDD:

Number of CSI-RS ports : 2

CSI-RS periodicity and subframe offset : 5/4

CSI reference signal configuration : 8

Zero-power CSI-RS configuration : 4 /0010000000000000

	Transmission parameters
	PDSCH is scheduled in SFs 
· 0-4, 6-9 for FDD
· 0, 1, 4, 6, 9 for TDD
Allocation:

· TM4: 50 PRB resource allocation for all SFs

· TM9: 
· FDD: 50 PRB resource allocation for all SFs 1-4, 6-9; 41 PRB resource allocation for all SF 0
· FDD: 50 PRB resource allocation for all SFs 4, 9; 41 PRB resource allocation for all SF 0

PMI

· TM4: Reporting mode PUSCH 3-1 

· TM9: Random PMI with 1 PRG / 1 TTI granularity
Rank + MCS: 

FDD

TDD

Test 1, 4, 5, 6

R.36 FDD (QAM 64)
R.36 TDD (QAM 64)
Test 2, 7

R.10-3 FDD (QAM 16)
R.10-3 TDD (QAM 16)
Test 3

R.51-1 FDD (QAM 16)
R.51-1 TDD (QAM 16)


	Interference signal transmission parameters
	Rel-13 CRS-IM interference model (B.5.4)

Interference loading: 20%

80%/20% rank 1/2 probability

	Receivers
	Baseline: LMMSE-IRC

Enhanced reference receiver structures: LMMSE-IRC + 1 cell CRS-IM


Proposal #2:
Define PDSCH CRS-IM demodulation requirements for the scenarios in Table 2. Continue feasibility analysis for the scenarios in Table 3. Use simulation assumptions in Table 4.

2.3 PDCCH/PCFICH scenarios
In RAN4 #81 the following agreements on the PDCCH/PCFICH studies were made [4]:

	· Scenarios
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· Interference power profile

· Option 1: Reuse Rel-13 CCIM interference power profiles. I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.

· Option 2: Reuse Rel-13 CRS-IM interference power profiles. I1/Noc = 8.36 dB; I2/Noc = 1.66 dB (RU=50%, 50%-tile from 36.863)

· CFI

· Test 1: CFI = 2, 3

· Test 2: CFI = 1, 3

· PDCCH AL 

· Baseline: AL 2

· Other option is not precluded based on companies’ input


In accordance to the results in the companion paper [7] we suggest to proceed with the definition of the demodulation performance requirements for the PDCCH/PCFICH scenarios in Table 5.
Table 5. PDCCH/PCFICH demodulation test cases

	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	Serv. cell
	Interf. cell

	1
	Non Colliding
	2
	4
	4

	2
	Non Colliding
	4
	2
	2

	3
	Non Colliding
	4
	4
	4


The following test parameters are suggested:

· INR profile: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB 

· Test #1: CFI = 2; PDCCH AL 2

· Test #2: CFI = 1; PDCCH AL is FFS between 1 and 2

· Test #3: CFI = 2; PDCCH AL is FFS between 1 and 2

In Table 5 we summarize the proposals on the PDCCH/PCFICH simulation assumptions for further RAN4 work on the definition of the demodulation requirements.

Table 6. PDCCH/PCFICH simulation assumptions

	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: 0/1/6

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

	Time offset between cells
	Cell 1: 2 µs

Cell 2: 3 µs

	Frequency offset between cells 
	Cell 1: 200 Hz

Cell 2: 300 Hz

	Channel model
	EPA-5Hz for all links

	PHICH parameters
	Normal
PHICH Ng = 1/6

	Interference model
	Rel-13 CCIM (TS 36.101 B.7)

	PDCCH/PCFICH parameters
	Test #1: PDCCH AL = 2; CFI = 2

Test #2: PDCCH AL = [1,2]; CFI = 1

Test #3: PDCCH AL = [1,2]; CFI = 2

	Receivers
	Baseline: LMMSE-MRC
Enhanced reference receiver structures: LMMSE-IRC (for information), LMMSE-IRC + 1 cell CRS-IM.


Proposal #3:
Define PDCCH/PCFICH CRS-IM demodulation requirements for the scenarios in Table 5. Use simulation assumptions in Table 6.

2.4 PHICH scenarios
In RAN4 #81the following agreements on the PHICH studies were made [4]:

	· Scenarios
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· Interference power profile

· Option 1: Reuse Rel-13 CCIM interference power profiles. I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.

· Option 2: Reuse Rel-13 CRS-IM interference power profiles. I1/Noc = 8.36 dB; I2/Noc = 1.66 dB (RU=50%, 50%-tile from 36.863)

· PHICH parameters

· Reuse Rel-13 CCIM PHICH FRC
· PHICH duration: 

· Test 1: Extended
· Test 2: Normal 


In accordance to the results in the companion paper [7] we suggest to proceed with the definition of the demodulation performance requirements for the following PHICH scenarios summarized in Table 7.

Table 7. PHICH demodulation test cases

	Test
	CRS pattern
	Number of UE RX chains
	Number of CRS APs

	
	
	
	Serv. cell
	Interf. cell

	1
	Non Colliding
	2
	4
	4

	2
	Non Colliding
	4
	2
	2

	3
	Non Colliding
	4
	4
	4


The following test parameters are suggested:

· INR profile: I1/Noc = 8.36 dB; I2/Noc = 1.66 dB
· Reuse Rel-13 CCIM FRC

In Table 8 we summarize the proposals on the PHICH simulation assumptions for further RAN4 work on the definition of the demodulation requirements.

Table 8. PHICH simulation assumptions

	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: 0/1/6

	Interference power profile
	I1/Noc = 8.36 dB; I2/Noc = 1.66 dB

	Time offset between cells
	Cell 1: 2 µs

Cell 2: 3 µs

	Frequency offset between cells 
	Cell 1: 200 Hz

Cell 2: 300 Hz

	Channel model
	EPA-5Hz for all links

	PHICH duration
	· Test #1, #3: Extended

· Test #2: Normal

	Interference model
	Rel-13 CCIM (TS 36.101 B.7)

	PDCCH/PCFICH/PHICH parameters
	PHICH Ng = 1,  FRC: R.19 in the TS 36.101

Test #1, 3: CFI = 3

Test #2: CFI = 1

	Receivers
	Baseline: LMMSE-MRC.

Enhanced reference receiver structures: LMMSE-IRC (for information), LMMSE-IRC + 1 cell CRS-IM.


Proposal #4:
Define PHICH CRS-IM demodulation requirements for the scenarios in Table 7. Use simulation assumptions in Table 8.

2.5 EPDCCH scenarios
In RAN4 #81the following agreements on the EPDCCH studies were made [4]:

	· Scenarios
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· Interference model:

· Option 1: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB, no PDSCH interference

· Option 2: I1/Noc = 10.44 dB; I2/Noc = 4.57  dB, 20% interference loading

· Option 3: I1/Noc = 8.36 dB; I2/Noc = 1.66 dB, 50% interference loading 

· EPDCCH parameters 

· EPDCCH AL = 2

· Localized EPDCCH 


In accordance to the results in [7] we confirm the feasibility and testability if using CRS-IM of the target EPDCCH scenarios and propose to proceed with the definition of respective demodulation requirements. The following test parameters are suggested:

· Interference model #2: I1/Noc = 10.44 dB; I2/Noc = 4.57  dB, 20% interference loading

· EPDCCH AL = 2

· Localized EPDCCH

In Table 8 we summarize the proposals on the EPDCCH simulation assumptions for further RAN4 work on the definition of the demodulation requirements.

Table 9. EPDCCH simulation assumptions

	Parameter
	Value

	Cell ID pattern
	Non-colliding CRS: 0/1/6

	Time offset between cells
	Cell 1: 2µs

Cell 2: 3µs

	Frequency offset between cells 
	Cell 1: 200 Hz

Cell 2: 300 Hz

	Channel model
	EPA-5Hz for all links

	Interference model and power profile
	I1/Noc = 10.44 dB; I2/Noc = 4.57  dB, 20% interference loading

	EPDCCH
	AL 2, Localized EPDCCH

DCI Format 2C (44 bits – FDD, 47 bits – TDD)

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

Number of EPDCCH Sets Configured = 1

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

	Receivers
	Baseline: LMMSE-MRC.

Enhanced reference receiver structures: LMMSE-IRC (for information), LMMSE-IRC + 1 cell CRS-IM.


Proposal #5:
Define EPDCCH CRS-IM demodulation requirements for the “2CRS APs + 4RX”scenario. Use simulation assumptions in Table 8.

3. CRS-IM reference receiver assumptions

3.1 Non-colliding CRS-IM for 4 CRS APs

Non-colliding CRS-IM for 4 CRS APs was discussed in RAN4 #81 meeting and the following agreements were made: 
	· Further bring analysis on the performance/complexity for the following non-colliding CRS-IM reference receivers for 4 CRS APs

· Receiver #1: Full complexity four ports CRS-IM processing 
· Receiver #2: Reduced complexity CRS-IM processing 


Based on the simulation results in the companion paper [6], there is a relatively small performance difference between the full and reduced complexity CRS-IM processing algorithms. Hence, taking into account the requirements definition procedure which involves multi-company results averaging, impairments margin and overall test margin, we believe that it may be difficult to differentiate different CRS-IM types in the test. Hence, for the performance requirements definition companies can bring implementation specific results which may involve either full or reduced complexity implementations.
Proposal #6:
Do not specify the exact receiver type (full/reduced complexity) for the performance requirements definition for the 4 CRS APs case.
3.2 Receivers for Colliding CRS scenarios
As shown in the companion paper certain receiver enhancements can be considered for the Colliding CRS scenarios and may provide noticeable performance improvement under a number of scenarios. In particular the following receivers are considered:

· LMMSE-IRC receiver with CRS-IC based interference estimation can be used for the Colliding CRS scenario with same number of CRS APs (PDSCH Test Case 5). In particular, CRS-IC can be used to estimate residual interference and noise covariance matrix on CRS REs in case when dominant interferer PDSCH is not transmitted. Such enhancement may require estimation of the interference PDSCH pattern and may require further studies in terms of reliability.

· LMMSE-IRC receiver with interference estimation on subset of CRS APs can be used for the Colliding CRS scenario with mix of 4/2 CRS APs (PDSCH Test Case 6). In particular, the interference covariance matrix can be estimated on the REs corresponding to CRS APs 2-3 which experience PDSCH interference and may provide more accurate characteristics of the interference signal.
We recommend RAN4 to proceed with the investigations of the mentioned reference receivers. 
Proposal #7:
Further investigate receiver enhancements for the Colliding CRS scenarios.
4. Conclusions

In this contribution, we’ve provided views on the target scenarios and simulation assumption for the Enhanced CRS-IM investigations. In summary, we make the following proposals:

Proposal #1:
Explicitly model 1 dominant interferer for the scenarios with 4 RX chains and 4 CRS APs in the interference cells. 
Proposal #2:
Define PDSCH CRS-IM demodulation requirements for the scenarios in Table 2. Continue feasibility analysis for the scenarios in Table 3. Use simulation assumptions in Table 4.

Proposal #3:
Define PDCCH/PCFICH CRS-IM demodulation requirements for the scenarios in Table 5. Use simulation assumptions in Table 6.

Proposal #4:
Define PHICH CRS-IM demodulation requirements for the scenarios in Table 7. Use simulation assumptions in Table 8.

Proposal #5:
Define EPDCCH CRS-IM demodulation requirements for the “2CRS APs + 4RX”scenario. Use simulation assumptions in Table 8.

Proposal #6:
Do not specify the exact receiver type (full/reduced complexity) for the performance requirements definition for the 4 CRS APs case.
Proposal #7:
Further investigate receiver enhancements for the Colliding CRS scenarios.
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