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1. Introduction
In RAN#68 plenary meeting the new RAN4 WI “Interference mitigation for downlink control channels of LTE” was approved [1] (further denoted as CCIM WI). The general objective of the WI is to specify UE demodulation requirements for control channels with practical interference aware receivers that can be used for inter-cell interference cancellation and suppression. Based on the WID objectives, the RAN4 needs to identify scenarios and realistic interference models [1]:

	· Identify the scenarios and evaluation assumptions (including the reference receiver(s) for defining performance requirements depending on the gain for each of the control channels listed below) during the works

· Realistic interference models for the downlink control channels should be considered. 


In the previous RAN4 meeting a number of agreements on the scenarios and interference models were reached and captured in the WF [2]. In this contribution we present our further views on the target scenarios, interference models and link-level evaluation assumptions.
2. Discussion on scenarios and interference models
2.1 Network synchronization
In the last RAN4 meeting the following agreements on the network synchronization assumptions were reached [2]:

	· Network synchronization assumptions

· Option 1: Synchronous networks only

· Option 2: Prioritize synchronous networks, Consider Asynchronous networks as 2nd priority

· Option 3: Consider synchronous and asynchronous networks with equal priority


As shown in [3], both synchronous and asynchronous networks may benefit from using enhanced CCIM receivers and both scenarios can be considered in the scope of the WI. In the last meeting no consensus could be reached on the prioritization of the work on the synchronous deployments. In our view, the definition of the demodulation requirements for the asynchronous deployments is rather straightforward given that LMMSE-IRC receiver structure is expected to be used and the existing Rel-11 LMMSE-IRC like interference model is reused. So, the associated work overhead to define the corresponding requirements is expected to be relatively small.
Proposal #1:
Define enhanced DL Control channel performance requirements for both synchronous and asynchronous networks.
2.2 Interference power profile
In the last RAN4 meeting the following agreements on the interference power profile were reached [2]:

	· Use interference profiles for Homogeneous deployments. Note: Enhanced receivers can be applied in both Homogeneous and Heterogeneous networks

· Two interference cells are explicitly modelled

· INR methodology is used as interference modelling for defining performance requirements for interference mitigation of downlink control channels.

· Baseline for simulations in the next meeting: Rel-12 NAICS profiles for Scenario 1, Low SINR, [40]% RU

· Low INR: I1/Noc = 3.28 dB, I2/Noc = 0.74 dB

· Medium INR: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB

· High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

· Other power profiles are not precluded and companies can bring inputs on other interference profiles


The Rel-12 NAICS interference power profiles were derived under an assumption of using partial PDSCH loading in the neighboring cells. Different interference profiles were defined for NAICS deployment Scenarios 1 and 2a/b, different RUs (40% and 60%), and different SINR regions. In addition, the profiles for different I1/Noc levels were derived corresponding to the 20/50/80%-tiles of the CDF curves. Therefore, the NAICS interference profiles themselves provide a very comprehensive description of the potential interference environments in both Homogeneous and Heterogeneous cellular networks. As discussed in the previous RAN4 meeting, the interference profiles for the PDCCH in terms of the interference power are rather similar to the PDSCH interference environment considered in Rel-12. Hence, we recommend to follow the last meeting agreements and further use Rel-12 NAICS profiles for Scenario 1, Low SINR, and 40% RU to define the CCIM demodulation requirements.
Proposal #2:
Reuse NAICS scenario 1, 40% RU, Low geometry interference profiles for the dominant interferers modelling for the Control channel IM studies
· Low INR: I1/Noc = 3.28 dB, I2/Noc = 0.74 dB

· Medium INR: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB

· High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

Based on Rel-12 NAICS WI agreements the High INR profiles were decided to be used to define the minimum performance requirements for the NAICS performance gain test case. Meanwhile, low INR profiles were used to derive requirements for the robustness test cases. For CCIM, at least performance gain test cases should be defined and High INR conditions should be used to allow good testability of the proper UE implementation.
Proposal #3:
Use High INR profile to define minimum performance requirements for the performance gain test cases.
2.3 Interference CRS pattern

In the last RAN4 meeting the following agreements on the interference CRS pattern were reached [2]:

	· Consider both colliding and non-colliding CRS scenarios

· Cell ID patterns

· Colliding CRS Cell IDs pattern: 

· Option 1: Cell ID 0/6/1 (S/I1/I2)

· Non-Colliding CRS Cell IDs pattern: 

· Option 1: Cell ID 0/1/6 (S/I1/I2)

· Other options are not precluded


In our view the following Cell ID profiles can be considered for the control channel requirements:

· Colliding CRS: Cell IDs 0 / 6 / 1 (Serving cell / Interferer 1 / Interferer 2) 

· Non-Colliding CRS: Cell IDs 0 / 1 / 6 

Proposal #4:
Use Cell ID patterns (0/6/1) and (0/1/6) for the colliding and non-colliding CRS scenarios, respectively.

2.4 Number of eNB transmit antennas and CRS APs
In the last RAN4 meeting the following agreements on the number of eNB transmit antennas and number of CRS APs were reached [2]:
	· Consider 2 Tx scenarios with 2 CRS APs. 4 Tx deployment scenarios are not precluded at the moment.

· Baseline for simulation in the next meeting: 2x2 antennas configuration with low correlation, 2 CRS APs


The enhanced IM receivers for the PDCCH/PCFICH/PHICH require using CRS-IC. Meantime, the existing CRS-IC requirements are defined in application to the 2 CRS APs case only, and the requirements for the 4 CRS APs were not introduced due to UE implementation complexity reasons. The discussion on the feasibility of the 4 CRS APs CRS-IC is out of the CCIM WI scope and should be decided in the Rel-13 CRS-IM WI first. Therefore, at current stage the DL control channel IM requirements should be defined for the case of 2 TX antennas and 2 CRS APs.

The existing EPDCCH demodulation requirements are defined for the 2x2 antenna configurations. During the EPDCCH WI, it was decided that there is no need to define the requirements for the 4x2 antenna configurations to reduce the TE complexity. Similar assumptions can be used for the CCIM requirements.
Proposal #5:
Use 2x2 antennas configuration with low correlation and 2 CRS APs for all DL Control channel IM test cases
2.5 Control region duration model

In the last RAN4 meeting the following agreements on the control region duration model were made [2]:
	· Control region duration in the serving and interference cells for PDCCH/PCFICH/PHICH (synchronous networks)

· Control region alignment

· Option 1: Aligned control regions in the serving and interference cells

· Option 2: Unaligned control regions in the serving and interference cells

· Option 3: Unaligned control regions in the serving and interference cells with variable duration

· Serving and interference cell CFI values are FFS

· Control region duration in the serving and interference cells for EPDCCH (synchronous networks)

· Aligned control regions in the serving and interference cells

· Serving and interference cell CFI value is 3


The serving and interference cell control region duration model is tightly coupled with the potential test purposes and the set of verified PDCCH/PCFICH/PHICH CCIM receiver’s functionality (see Table 1).
Table 1. Control region model for PDCCH/PCFICH/PHICH requirements

	Control region model
	Test purpose

	Aligned control regions in the serving and interference cells
	CFIS = 1, CFII = 1
	Verification of E-LMMSE-IRC and CRS-IC processing.

	
	CFIS = 2, CFII = 2

CFIS = 3, CFII = 3
	Verification of E-LMMSE-IRC and CRS-IC processing.
Verification of the interferer PCFICH blind detection.

	Unaligned control regions in the serving and interference cells
	CFIS = 1, CFII = 2/3
	Verification of E-LMMSE-IRC and CRS-IC processing. 

	
	CFIS = 2, CFII = 3
	Verification of E-LMMSE-IRC and CRS-IC processing.

Verification of the interferer PCFICH blind detection.

	
	CFIS = 2, CFII = 1
CFIS = 3, CFII = 1/2
	Verification of E-LMMSE-IRC and CRS-IC processing.
Verification of the interferer PCFICH blind detection.

Verification of the PDSCH interference pre-whitening.


In our view, the enhanced CCIM performance requirements should verify at least proper E-LMMSE-IRC and CRS-IC processing for PDCCH/PCFICH/PHICH. As discussed in [4], interferer PCFICH blind detection might provide certain performance improvement at the cost of increased UE complexity. So, the introduction of the test cases which require such functionality is subject to the decision on the reference IM receiver structure.
Proposal #6:
Define the test cases at least for the serving and interference cell CFI = 1. FFS whether additional scenarios should be considered.
2.6 PDCCH/PHICH/PCFICH interference model (synchronous networks)
In the previous RAN4 meeting a number of agreements on the PDCCH/PHICH/PCFICH interference model for the synchronous networks were reached [2]:
	· PDCCH interference:

· Option 1: Emulated via using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity

· Option 2: Explicitly modelled

· FFS whether PHICH interference signal is explicitly modelled

· PCFICH interference signal is explicitly modelled

· CRS interference is explicitly modelled

· PDCCH interference loading model

· Option 1: Full loading (i.e. 100%)

· Option 2: Partial loading (loading level is FFS, e.g. 10%, 25%, 50%, 75%)

· PDCCH/PHICH/PCFICH interference power boosting model

· Option 1: No power boosting modelled

· Option 2: Power boosting modelled, for example

· Different PDCCH transmissions or PDCCH REGs may have different power boosting

· Power boosting model is FFS including set of possible power boosting values used by the eNB


For the performance requirements definition a realistic PDCCH/PCFICH/PHICH interference model needs to be introduced. In our view, the model should be as follows.
PDCCH interference

Based on the WF in the last meeting either PDCCH emulation or explicit PDCCH modelling can be considered for the CCIM test cases. In the first case PDCCH signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity (i.e. signal presence / power offset can change on a per-REG level). In the second case, the realistic DCI transmissions should be modelled. In general, both approaches are valid and can be considered. One possible drawback of the second approach is that it may be difficult to guarantee the target control region loading and the RAN4 will be required to define certain DCI scheduling assumptions which may require extensive discussions. Hence, the first approach is more attractive from the test case definition perspective.

PHICH interference

UE is not expected to apply any specific processing for the PHICH interference. At the same time, the interference spatial characteristics are very much similar to the PDCCH interference and PHICH interference can also be represented as QPSK-modulated symbols with SFBC-based precoding. So, there is no strong need to explicitly model neighboring cells PHICH and similar abstraction model with random QPSK-modulated symbols with the SFBC-based precoding can be used to emulate the PHICH interference signals.
Interference control region loading model

In our view, the full loading control region interference model can be not very realistic and partial PDCCH interference loading should be considered instead (e.g. 50% or 75%). Given that the PDCCH interference is emulated via random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity, the loading can be modeled on a per REG level. In particular, the loading can be defined as the ratio of the number of REGs with active transmissions vs the total number of REGs. In the remaining REGs, no signals are transmitted.

Interference power boosting model

In general case, eNBs may apply power boosting/reduction for the control channel signal transmissions with potentially per-REG level granularity. Power boosting can be used to improve control channels coverage and increase link budget for the cell-edge UEs. In addition, power boosting can be used to control the error rate for ACK/NACK PHICH transmissions. The LTE specifications do not impose any strict constraints in terms of the possible set of used power offset values and the exact decision is up to the eNB control channel scheduler and not known at the UE side. To reflect realistic control channel power boosting, the interference model with a random power boosting model can be considered. In particular, the power boosting/reduction can be modelled on a per-REG level with the exact values chosen randomly from the [-6:6] dB range.
Proposal #7:
Use the following PDCCH/PHICH/PCFICH interference model

· PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.
· Partial PDCCH/PHICH interference loading model with non-uniform power offsets is used.
2.7 EPDCCH interference model (synchronous networks)
In the previous RAN4 meeting the following agreements on the interference model for EPDCCH in the synchronous networks were made [2]:

	· Option 1: PDSCH interference. FFS whether full or partial PDSCH loading is used.

· Option 2: No interference (i.e. no co-channel PDSCH, EPDCCH transmissions)


Based on the analysis of the simulation results in [3] using full PDSCH interference loading does not allow verification of the CRS-IC functionality at the UE side. Meantime, using “no PDSCH interference model” does not allow verification of the proper LMMSE-IRC pre-whitening implementation. Therefore, the following approaches can be considered:
· Option 1: Define different test cases for the verification of the LMMSE-IRC and CRS-IC functionality. In particular, the LMSME-IRC test case can be defined with full PDSCH loading scenario, while the CRS-IC test can be defined for the “no PDSCH interference” scenarios.
· Option 2: Combine verification of the LMMSE-IRC and CRS-IC functionality in one test case. In this case partial PDSCH interference loading model, can be considered.
In our view, the latter approach would allow to reduce the overall number of test cases and is more preferable.

Proposal #8:
Use partial PDSCH interference loading model. Combine verification of the EPDCCH LMMSE-IRC and CRS-IC functionality in one test case.
2.8 Interferer time and frequency offset model for synchronous networks
In the previous RAN4 meeting the Interferer time and frequency offset model was discussed but no exact agreements were reached [2]:

	· Option 1: Reuse Rel-12 NAICS assumptions for performance gain test cases

· Other options are not precluded


In our view, the Rel-12 NAICS assumptions for performance gain test cases (i.e. Interference cell #1 – 2us, 200Hz, Interference cell #2 – 3us, 300Hz) can be reused. The simulation results in [3] are obtained under such time/frequency offset model and show that in case of proper interferer TFO tracking loop implementation substantial performance improvement can be achieved.

Proposal #9:
Interferer time and frequency offset model for synchronous networks: Reuse Rel-12 NAICS assumptions for performance gain test cases (Interference cell #1 – 2us, 200Hz, Interference cell #2 – 3us, 300Hz)
2.9 Interference model for asynchronous network scenarios
In the previous RAN4 meeting the following agreements on the interference model for the asynchronous network scenarios were made [2]:

	· Option 1: 1/3 and 2/3 subframes as timing offset for the 2 NCs (i.e. same as for Rel.11 MMSE-IRC).

· Other options are not precluded


The asynchronous model is applicable for both PDCCH/PCFICH/PHICH and for the EPDCCH test cases. In our view, Option 1 assumptions are very well aligned with the existing RAN4 methodology. One additional aspect which needs to be decided is the signal model for the interference signals. The following parameters are suggested:
· Full PDSCH loading with QPSK RI = 1 interference

· Full PDCCH/PHICH/PCFICH region loading (can be modelled as OCNG)
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Figure 1. Asynchronous interference model

Proposal #10:
Interference model for asynchronous network scenarios: 1/3 and 2/3 subframes as timing offset for the 2 NCs. Interference cells have full PDSCH and PDCCH loading.
3. Link-level simulation parameters

In this section we propose the set of link-level simulation assumptions for further simulation alignment with the purpose to down-select the test cases and respective parameters. Common simulation parameters are provided in Table 2.
Table 2. Common simulation parameters

	Parameters
	Value

	System bandwidth
	10MHz for both serving cell and interfering cells

	Duplexing mode
	FDD/TDD

FDD is used for alignment simulations

	TDD UL/DL configuration
	0

	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

	Network synchronization scenarios
	Scenario #1: Synchronous network

Time offset: Interference cell #1 – 2us, Interference cell #2 – 3us

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

Scenario #2: Asynchronous network

Time offset: 1/3 and 2/3 subframes as timing offset for the 2 NCs

Frequency offset: 0 Hz between all cells

	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 with Low correlation

	Tx EVM
	6%

	Unused Serving cell RE-s and PRB-s
	OCNG


3.1 PDCCH/PCFICH
The proposed link-level simulation assumptions for PDCCH/PCFICH are provided in Table 3.
Table 3. PDCCH/PCFICH simulation parameters

	Parameters
	Value

	Scenarios
	Scenario #1: Synchronous network + Colliding CRS
Scenario #2: Synchronous network + Non-Colliding CRS
Scenario #3: Asynchronous network

	Channel model
	Scenarios #1, 2: EPA5
Scenario #3: EVA70

	Serving cell PDCCH
	AL 2, 4

DCI Format 2 (43 bits – FDD, 10MHz)

	CFI
	Synchronous networks

· Option 1: CFIS = 1, CFII = 1

· Option 2: CFIS = 3, CFII = 3
Asynchronous networks

CFIS = 3, CFII = 3

	Number of PHICH groups (Ng)
	1

	PHICH duration
	Normal

	Interference model for synchronous scenario
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity:

· Scenario #1: 100% interference loading + Uniform power distribution
· Scenario #2: 100% interference loading + Non-uniform power distribution (random from -6 to 6 dB)

· Scenario #3: 50% interference loading + Uniform power distribution
· Scenario #4: 50% interference loading + Non-uniform power distribution (random from -6 to 6 dB)
PCFICH interference is explicitly modelled

PDSCH interference is modelled as OCNG

	Interference model for asynchronous scenario
	Full PDSCH loading with QPSK RI = 1 interference

Full PDCCH/PHICH/PCFICH region loading (modelled as OCNG)

	Reference receivers
	LMMSE-MRC

LMMSE-IRC

E-LMMSE-IRC
· With and without CRS-IC

· No interference presence and power blind detection for E-LMMSE-IRC

· E-LMMSE-IRC Type 2 for the Colliding CRS scenarios and Non-colliding CRS scenarios for OFDM symbols without CRS.

· E-LMMSE-IRC Type 1 for the Non-colliding CRS scenario first OFDM symbol.

	Metric
	SINR at 1% Pm-dsg (DL scheduling grant miss detection probability)
PCFICH error implies PDCCH decoding error


3.2 PHICH parameters

The proposed link-level simulation assumptions for PHICH are provided in Table 4.
Table 4. PHICH simulation parameters

	Parameters
	Value

	Scenarios
	Scenario #1: Synchronous network + Colliding CRS
Scenario #2: Synchronous network + Non-Colliding CRS
Scenario #3: Asynchronous network

	Channel model
	Scenarios #1, 2: EPA5
Scenario #3: EVA70

	CFI
	CFIS = 1, CFII = 1

	Number of PHICH groups (Ng)
	1

	PHICH duration
	Normal

	PHICH FRC
	Modified R.19

User roles: W I1 I2 (W=wanted user, I1=interfering UE 1, I2=interfering UE 2.)

Resource allocation: (0,0) (0,1) (0,4)
Power offsets: X 0 -3 (X = FFS, e.g. -4, -6 dB)
Payload: A R R (A=fixed ACK, R=random ACK/NACK.)

	Interference model for synchronous scenario
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity:

· Scenario #1: 100% interference loading + Uniform power distribution
· Scenario #2: 100% interference loading + Non-uniform power distribution (random from -6 to 6 dB)

· Scenario #3: 50% interference loading + Uniform power distribution
· Scenario #4: 50% interference loading + Non-uniform power distribution (random from -6 to 6 dB)
PCFICH interference is explicitly modelled

PDSCH interference is modelled as OCNG

	Interference model for asynchronous scenario
	Full PDSCH loading with QPSK RI = 1 interference

Full PDCCH/PHICH/PCFICH region loading (modelled as OCNG)

	Reference receivers
	LMMSE-MRC

LMMSE-IRC

E-LMMSE-IRC

· With and without CRS-IC

· No interference presence and power blind detection for E-LMMSE-IRC

· E-LMMSE-IRC Type 2 for the Colliding CRS scenarios and Non-colliding CRS scenarios for OFDM symbols without CRS.

· E-LMMSE-IRC Type 1 for the Non-colliding CRS scenario first OFDM symbol.

	Metric
	SINR at 0.1% ACK to NACK miss detection probability


3.3 EPDCCH parameters

The proposed link-level simulation assumptions for EPDCCH are provided in Table 5.
Table 5. EPDCCH simulation parameters

	Parameters
	Value

	Scenarios
	Scenario #1: Synchronous network + Non-Colliding CRS
Scenario #2: Asynchronous network

	Channel model
	Scenarios #1: EPA5
Scenario #2: EVA70

	Serving cell EPDCCH
	FRC #1: AL 2 Localized EPDCCH

FRC #2: AL 4 Distributed EPDCCH

DCI Format 2C (44 bits – FDD, 10MHz)

	Number of PDCCH symbols
	3 for both 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

The starting symbol for EPDCCH is derived from the PCFICH. RRC signalling epdcch-StartSymbol-r11is not configured.
EPDCCH precoding model is in accordance to TS 36.101 B.4.4. and B.4.5

	Interference model for synchronous scenario
	Full PDCCH loading (OCNG)

Partial loading PDSCH interference (PDSCH is transmitted in 50% of subframes)

PDSCH interference is modelled as QPSK RI = 1

	Interference model for asynchronous scenario
	Full PDSCH loading with QPSK RI = 1 interference

Full PDCCH/PHICH/PCFICH region loading (modelled as OCNG)

	Reference receivers
	LMMSE-MRC

LMMSE-IRC

LMMSE-IRC with CRS-IC for Scenario #1

	Metric
	SINR at 1% Pm-dsg (DL scheduling grant miss detection probability)

PCFICH error implies EPDCCH decoding error


4. Conclusions

In this contribution we have provided our views on the on the CCIM WI scenarios, corresponding interference models and link-level simulation assumptions. In summary we make the following proposals:
Proposal #1:
Define enhanced DL Control channel performance requirements for both synchronous and asynchronous networks.
Proposal #2:
Reuse NAICS scenario 1, 40% RU, Low geometry interference profiles for the dominant interferers modelling for the Control channel IM studies
· Low INR: I1/Noc = 3.28 dB, I2/Noc = 0.74 dB

· Medium INR: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB

· High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

Proposal #3:
Use High INR profile to define minimum performance requirements for the performance gain test cases.
Proposal #4:
Use Cell ID patterns (0/6/1) and (0/1/6) for the colliding and non-colliding CRS scenarios, respectively.

Proposal #5:
Use 2x2 antennas configuration with low correlation and 2 CRS APs for all DL Control channel IM test cases
Proposal #6:
Define the test cases at least for the serving and interference cell CFI = 1. FFS whether additional scenarios should be considered.
Proposal #7:
Use the following PDCCH/PHICH/PCFICH interference model

· PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.
· Partial PDCCH/PHICH interference loading model with non-uniform power offsets is used.
Proposal #8:
Use partial PDSCH interference loading model. Combine verification of the EPDCCH LMMSE-IRC and CRS-IC functionality in one test case.

Proposal #9:
Interferer time and frequency offset model for synchronous networks: Reuse Rel-12 NAICS assumptions for performance gain test cases (Interference cell #1 – 2us, 200Hz, Interference cell #2 – 3us, 300Hz)
Proposal #10:
Interference model for asynchronous network scenarios: 1/3 and 2/3 subframes as timing offset for the 2 NCs. Interference cells have full PDSCH and PDCCH loading.
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