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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 meeting initial agreements on the Enhanced CRS-IM were reached and are captured in the WF [2] and simulation assumptions for initial studies were agreed [3]. In this contribution we provide our further views on the enhanced CRS-IM (E-CRS-IM) scenarios and simulation assumptions for the Stage 1 feasibility studies. In the companion papers we provide views on the CRS-IM reference receivers and provide selected simulation results [4-6].

2. Scenarios for Stage 1 studies
2.1 Network scenarios
The main purpose of the introduction of new CRS-IM requirements is to generalize CRS-IM receivers applicability for the scenarios with arbitrary number of transmit antennas and CRS APs at the eNodeB side and also ensure proper receiver implementations for the UEs equipped with both 2 and 4 receive chains. Given that the existing Release 11 and 13 requirements are introduced for the case of 2 CRS APs and 2 receive antennas (2RX) UEs only, the following key scenarios need to be considered to remove the test coverage imbalance and allow wider applicability of the CRS-IM:

· CRS-IM for the scenarios with arbitrary number of eNB TX antennas (4 CRS APs and a mix of 2/4 CRS APs) (see Figure 1)
· CRS-IM for UEs with different number of RX antenna chains (2RX and 4 RX UEs)
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Figure 1. Network scenarios for CRS-IM for 4 CRS APs and a mix of 2/4 CRS APs
In RAN4 #80bis a number of agreements on the target scenarios in terms of number of CRS APs, number of RX chains and CRS patterns were reached [2]:
	· Further investigate CRS-IM enhancements for the scenarios in the table below:

[image: image2.png]2 RX antennas UEs with 4 CRS APs in the
serving and interference cells.

2 RX antennas UEs with mix of 2/4 CRS
APs in the serving and interference cells.
2 RX antennas UEs with mix of 4/2 CRS
APs in the serving and interference cells.
4 RX antennas UEs with 2 CRS APs in the
serving and interference cells.

4 RX antennas UEs with 4 CRS APs in the
serving and interference cells.

4 RX antennas UEs with mix of 2/4 CRS
APs in the serving and interference cells.
4 RX antennas UEs with mix of 4/2 CRS
APs in the serving and interference cells.




· Companies are encouraged to bring further inputs on the scenarios prioritization 
· CRS pattern scenarios

· First priority: Non-colliding CRS scenarios 

· Second priority: Colliding CRS scenarios 


Depending on the considered CRS pattern and number of CRS APs in the serving and interference cells, different interference types may be observed (see Table 1). So far, RAN4 has defined the requirements in application to a single scenario out of total 8 scenarios described below. In our view, the receiver design may be different for different scenarios and further discussion on the reference receivers should be done in application to each scenario. In accordance to the WID the work on the non-colliding CRS scenarios should be given a priority. For the colliding CRS scenarios, a subset of scenarios can be considered to reflect the fact that it has lower priority.
Table 1. CRS pattern scenarios

	# of CRS APs
(S/I1 cells)
	CRS pattern 
(Cell ID S/I1)
	Interference types

	2/2 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-1 to Data

Data to CRS APs 0-1

Data to Data

	
	Colliding CRS (0/6)
	CRS APs 0-1 to CRS APs 0-1

Data to Data

	4/4 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-3 to Data

Data to CRS APs 0-3

Data to Data

	
	Colliding CRS (0/6)
	CRS APs 0-3 to CRS APs 0-3

Data to Data

	2/4 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-3 to Data

Data to CRS APs 0-3

Data to Data

	
	Colliding CRS (0/6)
	CRS APs 0-1 to CRS APs 0-1

CRS APs 2-3 to Data

Data to Data

	4/2 CRS
	Non-colliding CRS (0/1)
	CRS APs 0-1 to Data

Data to CRS APs 0-3

Data to Data

	
	Colliding CRS (0/6)
	CRS APs 0-1 to CRS APs 0-1

Data to CRS APs 2-3

Data to Data


In our view for feasibility studies the total number of scenarios can be rather large and we suggest to focus on a subset of scenarios: “2RX + 4/4 CRS”, “2RX + 2/4CRS”, “2RX + 4/2CRS” and “4RX + 2/2CRS” for the PDSCH evaluations. For the DL control channel evaluations, the set of analysed scenarios can be reduced and the enhancements can be investigated for “2RX + 4/4 CRS” and “4RX + 2/2 CRS” scenarios (i.e. ensure 4 CRS APs interference handling and 4RX operation). The proposed set of prioritized scenarios for Stage 1 work is provided in Table 2,
Table 2. Candidate scenarios for Stage 1 studies
	Physical channel
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	Test purpose

	
	
	
	Serv. cell
	Interf. cell
	

	PDSCH
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	
	Non Colliding
	4
	2
	2
	4 RX CRS IM investigation

	
	Colliding
	2
	4
	2
	Mix CRS APs CRS-IM investigation

	
	Colliding
	2
	4
	4
	Colliding CRS investigation

	PCFICH/PDCCH
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	
	Non Colliding
	4
	2
	2
	4 RX CRS IM investigation

	PHICH
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	
	Non Colliding
	4
	2
	2
	4 RX CRS IM investigation

	EPDCCH
	Non Colliding
	4
	2
	2
	4 RX CRS IM investigation


Proposal #1:
Investigate CRS-IM enhancements feasibility for the scenarios in Table 2
2.2 Cell ID pattern
In RAN4 #80bis the following agreements on the Cell ID pattern were made [2]:
	· Cell ID pattern
· PDSCH evaluations (S/I1/I2)
· Non-colliding CRS
· Option 1: 0/1/6

· Option 2: 0/1/128

· Colliding CRS: 0/6/1

· DL control channel evaluations (S/I1/I2)
· Non-colliding CRS: 0/1/6

· Colliding CRS: 0/6/1


As discussed in the companion paper [4], the CRS-IM requirements are suggested to be defined under an assumption of a single dominant interferer suppression. In order to facilitate using 1 cell IS/IC in the test we propose to use the Cell ID pattern 0/1/6 for the Non-colliding CRS scenarios for the PDSCH evaluations.
Proposal #2:
Use Cell ID pattern 0/1/6 for the non-colliding CRS scenario

2.3 PDSCH evaluation scenarios
The following aspects of PDSCH evaluation scenarios need further discussion:

· PDSCH transmission modes

· PDSCH transmission parameters
· PDSCH interference model

PDSCH transmission modes
In RAN4 #80bis the following agreements on the PDSCH transmissions modes were made [2]:
	· Physical channels

· PDSCH (first priority):
· TM4
· TM9
· TM10 is FFS


In the previous meeting it was discussed whether TM10 scenarios and respective CRS-IM enhancements should be considered in the WI scope. Several concerns on the priority of TM10 work were raised given relatively small adoption of TM10 in the practical deployments. Taking into account that TM10 is an optional feature we think that the respective CRS-IM enhancements can be considered with lower priority. Meantime, the work should focus on the regular CRS-based and DMRS-based TMs including TM4 and TM9.
Proposal #3:
De-prioritize TM10 CRS-IM enhancements.

PDSCH interference model
In RAN4 #80bis meeting initial agreements on the CRS-IM PDSCH interference model were made [2]:
	· Interference model for PDSCH
· Reuse Rel-13 CRS-IM interference model

· I1/Noc = [10.45]dB; I2/Noc = [4.6] dB; 20% RU

· Further discuss whether to consider other RUs and interference profiles based on CRS-IM TR 36.863 


For the Rel-13 CRS IM requirements 20% interference PDSCH loading with per TTI basis granularity was used for the definition of the UE demodulation performance requirements. In addition, during the SI stage studies a range of loading values was evaluated (from 10% to 50%). It may be observed that the overall performance gains vary for different conditions. In particular, the performance gains are the largest for the case of 0% RU and decrease with the increase of the RU. In our view, it may unreasonable to define the requirements for the case of extremely low RU and more practical scenarios with 20%-40% RU should be considered instead. Furthermore, the gains vary for different INR profiles for the selected RU. In order to reflect the most typical scenarios it is suggested to further focus on the median interference profile (i.e. set 10).

Proposal #4:
Reuse Rel-13 CRS-IM interference model: I1/Noc = 10.45 dB; I2/Noc = 4.6 dB; 20% RU.

PDSCH transmission parameters

In RAN4 #80bis initial agreements on the PDSCH transmission parameters were made [2]:
	· MCS
· Rank 1 16QAM ½ 

· Other MCS are not precluded


In our view the following PDSCH transmission parameters are suggested for further evaluations to confirm the CRS-IM feasibility:
· MCS:

· MIMO Rank 1 + 16QAM

· MIMO Rank 1 + 64QAM
· MIMO Rank 2 + 16QAM

· Number of CRS APs:

· TM4: Consider both 2 and 4 CRS APs scenarios

· TM9: Consider 2 CRS APs scenarios only

· Resource allocation:

· TM4: PDSCH scheduled in all SFs except for SF 5 with 50 PRB allocation

· TM9: 50 PRB in SF 1,2,3,4,6,7,8,9 and 41 PRB in SF 0

· CSI feedback
· TM4: Wideband PMI feedback
· TM9: Random PMI

Proposal #5:
Further study the CRS-IM enhancements for PDSCH for a range of MCS levels (Rank 1 + 16QAM, Rank 1 + 64QAM, Rank 2 + 16QAM).
2.4 DL control channel evaluation scenarios
In RAN4 #80bis the following agreements on the DL Control Channel studies were made [2]:
	· Physical channels

· DL control channels (second priority)
· PDCCH/PCFICH
· PHICH
· EPDCCH


The following aspects of DL Control channel evaluation scenarios need further discussion:

· Transmission parameters
· Interference model

Interference model for control channels
In RAN4 #80bis meeting the following agreements on the DL control channel interference models were made [2]:

	· Interference model for DL Control Channels
· 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)

· Other options are not precluded
· Interference model

· PDCCH/PCFICH/PHICH: Reuse Rel-13 CCIM control region interference model 

· EPDCCH model is FFS
· Option 1: CRS-only interference model

· Option 2: Reuse PDSCH interference model


To keep consistency with the previous studies it is recommended to reuse the Rel-13 CCIM interference profiles for PDCCH/PHICH/EPDCCH studies. In particular, the following profile is suggested: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB (Option 1).
For the EPDCH interference model, in accordance to the simulation results in [6] there may be difficulties with performance testability and further analysis is needed.
Proposal #6:
Interference power profile for PDCCH and PHICH: Reuse Rel-13 CCIM interference power profiles. I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.

DL Control channel transmission parameters

The following DL Control channel transmission parameters are suggested for further evaluations:

· PDCCH

· INR profile: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB 
· CFI = 1, 3 for 4RX analysis
· CFI = 2, 3 for 4 CRS APs analysis
· PDCCH AL = 1, 2
· PHICH
· INR profile: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB 
· PHICH duration: 
· 4RX test => Normal 
· 4 CRS APs => Extended
· Reuse Rel-13 CCIM FRC
· EPDCCH

· Interference model:

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

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

· Model #3: I1/Noc = 8.36 dB; I2/Noc = 1.66 dB, 50% interference loading 
· EPDCCH AL = 2

· Localized EPDCCH

3. Simulation assumptions

In accordance to the WID RAN4 needs to conclude on the feasibility of the Enhanced CRS-IM operation under identified scenarios. In order to derive common observations on the E-CRS-IM feasibility it is suggested to perform alignment simulations under common simulation assumptions to be further captured in the WI TR. In particular the following approach is suggested to derive common RAN4 WG conclusions on the CRS-IM IM:

1) RAN4 #81 (Nov’16): Agree on a common set of evaluation scenarios and reference receivers
a. Identify changes on top of RAN4 #80bis agreements
2) RAN4 #82 (Dec’16): Collect summary of simulation results

a. SNR gain vs LMMSE-IRC for different reference receivers
3.1 Common simulation assumptions

The general simulation assumptions are provided in Table 3.
Table 3. Common simulation assumptions

	Parameter
	Value

	Duplexing
	FDD

	System bandwidth
	10MHz

	Channel model
	PDSCH: EVA-5Hz for all links

PDCCH: EPA-5Hz for all links

	Tx EVM
	6%

	Antenna models
	Baseline

    2x4 low correlation for 2 CRS APs + 4RX UE scenarios

    4x2 low correlation for 4 CRS APs + 2RX UE scenarios


3.2 PDSCH simulation assumptions

Table 4 includes a list of the test cases to be used for the investigations of the CRS-IM enhancements for PDSCH. The PDSCH simulation assumptions are provided in Table 5. 
Table 4. PDSCH test cases 
	Test
	Physical channel
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	Test purpose

	
	
	
	
	Serv. cell
	Interf. cell
	

	1
	PDSCH
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	2
	
	Non Colliding
	4
	2
	2
	4 RX CRS IM investigation

	3
	
	Colliding
	2
	4
	2
	Mix CRS APs CRS-IM investigation

	5
	
	Colliding
	2
	4
	4
	Colliding CRS investigation


Table 5. PDSCH simulation assumptions

	Parameter
	Value

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

Colliding CRS: 0/6/1

	Interference power profile
	INR1 = 10.45dB

INR2 = 4.6 dB

	Time offset between cells
	Cell 1: 3µs

Cell 2: -1 µs

	Frequency offset between cells 
	Cell 1: 300 Hz

Cell 2: -100 Hz

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Transmission modes
	TM4 => All test cases

TM9 => Focus on the 4RX enhancements under 2CRS APs assumption (Case 2)

	Transmission parameters
	PDSCH is scheduled in SFs 0-4, 6-9 (i.e. except 5)

TM4: 50 PRB resource allocation for all SFs
TM9: 50 PRB resource allocation for all SFs 1-4,6-9; 42 PRB resource allocation for all SF 0

TM4: Reporting mode PUSCH 3-1 

TM9: Random PMI with 1 PRG / 1 TTI granularity

Rank + MCS: Rank 1 + 16QAM, Rank 1 + 64QAM, Rank 2 + 16QAM are FFS.

	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 + CRS-IM

· Enhanced reference receiver for 4 CRS APs

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

· Receiver #2: Reduced complexity CRS-IM processing (Full complexity two ports + low complexity two ports (e.g. whitening))


3.3 DL Control Channel simulation assumptions

Table 6 includes a list of the test cases to be used for the investigations of the CRS-IM enhancements for the DL Control Channels. The PDCCH/PCFICH/PHICH simulation assumptions are provided in Table 7 and Table 8. 

Table 6. Proposed DL Control Channel test cases 
	Test
	Physical channel
	CRS pattern
	Number of UE RX chains
	Number of CRS APs
	Test purpose

	
	
	
	
	Serv. cell
	Interf. cell
	

	1
	PDCCH
	Non Colliding
	2
	4
	4
	4 CRS APs IM investigation

	2
	
	Non Colliding
	4
	2
	2
	4 RX CRS IM investigation

	3
	PHICH
	Non-Colliding
	2
	4
	4
	4 CRS APs IM investigation

	4
	
	Non-Colliding
	4
	2
	2
	4 RX CRS IM investigation

	5
	EPDCCH
	Non-Colliding
	4
	2
	2
	4 RX CRS IM investigation


Table 7. PDCCH/PCFICH/PHICH simulation assumptions

	Parameter
	Value

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

Colliding CRS: 0/6/1

	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

	PHICH duration
	PDCCH/PCFICH tests: Normal

PHICH tests: 
· 4 CRS APs analysis (Test #3): Extended
· 4RX analysis (Test #4): Normal 

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

	PDCCH/PCFICH
	PHICH Ng = 1/6
CFI = 2, 3 for 4 CRS APs analysis (Test #1)

CFI = 1, 3 for 4RX analysis (Test #2)

PDCCH AL = 1, 2

	PHICH
	PHICH Ng = 1,  FRC: R.19 in the TS 36.101
CFI = 3 for 4 CRS APs analysis (Test #3)

CFI = 1 for 4RX analysis (Test #4)

	Receivers
	LMMSE-MRC
LMMSE-IRC

LMMSE-IRC + CRS-IC


Table 8. EPDCCH simulation assumptions

	Parameter
	Value

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

Colliding CRS: 0/6/1

	Time offset between cells
	Cell 1: 2µs; Cell 2: 3µs

	Frequency offset between cells 
	Cell 1: 200 Hz; Cell 2: 300 Hz

	Interference model and power profile
	Model #1: I1/Noc = 13.91 dB; I2/Noc = 3.34 dB, no PDSCH interference

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

Model #3: I1/Noc = 8.36 dB; I2/Noc = 1.66 dB, 50% 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
	LMMSE-MRC

LMMSE-IRC

LMMSE-IRC + CRS-IC


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:
Investigate CRS-IM enhancements feasibility for the scenarios in Table 2
Proposal #2:
Use Cell ID pattern 0/1/6 for the non-colliding CRS scenario

Proposal #3:
De-prioritize TM10 CRS-IM enhancements.

Proposal #4:
Reuse Rel-13 CRS-IM interference model: I1/Noc = 10.45 dB; I2/Noc = 4.6 dB; 20% RU.

Proposal #5:
Further study the CRS-IM enhancements for PDSCH for a range of MCS levels (Rank 1 + 16QAM, Rank 1 + 64QAM, Rank 2 + 16QAM).

Proposal #6:
Interference power profile for PDCCH and PHICH: Reuse Rel-13 CCIM interference power profiles. I1/Noc = 13.91 dB; I2/Noc = 3.34 dB.
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