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1. Introduction

In the RAN4 #72 meeting the initial discussion on the NAICS UE demodulation requirements work scope took place. A WF on NAICS UE demodulation requirements [1] was discussed, but not approved. The WF provides a good summary of the topics to be initially discussed in the WI Performance part with respect to the test purposes and scenarios:
· Test purposes and their prioritization if any
· Scenarios and interference models and their prioritization if any
· Interference profiles including the number of interfering cells, interference pattern and geometry
· CRS pattern for serving and interference cells
· Duplexing modes
· Serving and interference cell transmission parameters (TMs, MCS, RI, etc)
· Time/Frequency offsets models for interference signal
· Whether randomized interference model should be used and the respective parameters
· Whether serving cell PDCCH decoding performance impact on the PDSCH throughput needs to be considered
· Performance metrics
In the last RAN4 meeting, a limited number of agreements on the NAICS demodulation scenarios were made [2]:

· Use the same interference scenarios and profiles that are agreed until now. Narrow down the interference profile. Consider additional scenarios if necessary

· Set up test cases for FDD in the first phase and for TDD in the second phase. TDD tests will be introduced

· Practical case from beginning same as CoMP or feICIC (to be finalized later on the 2 interfering cells), specific test case setup will be discussed in a later stage.

· Assume perfect PDCCH decoding under medium and low interference level in simulations. Simulation under high interference level need to ensure the PDCCH impact to PDSCH is minimized (solution TBD).

· The SNR of 70% throughput of the maximum throughput is compared in simulation alignment. The SNR at this point is the final metric to use for demod requirements.

In this contribution, we share our further views on the NAICS UE demodulation framework including tests purposes, scenarios and interference models.
2. Test purposes

The RAN4 work on the NAICS SI and WI was focused on the investigation of the potential PDSCH demodulation performance enhancements. The respective PDSCH demodulation tests should be introduced. The enhanced receiver for other physical channels are out of NAICS SI/WI scope, so there is no impact on the demodulation of the remaining physical channels and other demodulation tests are not needed.
Proposal #1: Introduce PDSCH demodulation tests for the verification of NAICS functionality.
The NAICS link-level performance studies have shown that enhanced IS/IC receivers allow achieving noticeable gains in some scenarios and may have limited gains or even performance loss in other scenarios. In our view, two high-level test purposes should be considered:
· Type #1 purpose: Verification of NAICS receivers’ implementation in terms of achievable performance gains over baseline LMMSE-IRC receivers. The scenarios for these tests can be selected based on prior RAN4 studies and should aim to address the cases where substantial NAICS gains are observed comparing with the baseline LMMSE-IRC receiver. The performance requirements for this test purpose should be defined under assumption of using enhanced IS/IC receivers.
· Type #2 purpose: Verification of NAICS receivers’ implementation in terms of robustness. The purpose of such tests is to check that enhanced IS/IC receivers ensure “no loss vs LMMSE-IRC”. The test scenarios can be defined in a way to emulate conditions not favourable for NAICS operation where some loss can be expected. For this test purpose the requirements should be defined under assumption of using baseline LMMSE-IRC or LMMSE-IRC + CRS-IC receivers. 
In our view, the task of verification of NAICS receivers’ performance gains has higher priority and needs to be handled first. When the test scenarios for performance gains tests are defined, the work on the robustness tests can be started. Alternatively, the RAN4 WG can decide to introduce the performance gains tests only.
Proposal #2: Define the following general test purposes for the NAICS PDSCH demodulation tests: 
· Type #1: Verification of NAICS receivers’ performance gains (first priority);
· Type #2: Verification of NAICS receivers’ robustness (second priority).
The proposed test purposes are rather generic and further clarification on the exact test sub-purposes is needed. The Type #1 NAICS tests should verify correct implementation of the following functionality under assumption of favourable interference conditions:

· Blind detection of all interference parameters defined in the WI Core part:
· DMRS based PDSCH interference: Presence, DMRS APs, nSCID, Modulation format

· CRS based PDSCH interference: Presence, PA (data to CRS power offset), PMI, RI, TM and modulation format

· Channel estimation

· CRS-IC based enhanced channel estimation
· DMRS-IC based enhanced channel estimation for DMRS-based TMs
· Long-term channel parameters estimation (delay spread, Doppler shift);

· Interferer time/frequency offset handling;

· Reference signals IC

· Non-colliding CRS-IC (for DRMS/DMRS TMs scenario);

· DMRS-IC (for CRS/DMRS TMs scenario)

· Demodulation processing

· R-ML or SLIC demodulation
· PDSCH starting symbol handling (i.e. conservative processing)

· Dominant interferer selection

The Type #2 NAICS tests should aim to verify correct implementation of NAICS fallback mechanism (i.e. NAICS receiver disabling) in case of unfavourable interference conditions (low INR, high order interference modulation, rank 2 interference transmissions, non-colliding CRS patterns for CRS-based serving cell transmissions, etc).

3. Scenarios and interference models

3.1 Transmission modes and CRS patterns
The NAICS receivers requirements should cover a broad set of different scenarios in terms of transmission modes used in the serving and interference cells as well as mutual CRS patterns (i.e. colliding and non-colliding). Based on the results of the performance analysis in [3,4], we think that the following scenarios can be considered as candidates for the Type #1 PDSCH demodulation performance tests for verification of NAICS receivers’ performance gains:
· CRS/CRS TMs scenarios (e.g. TM4/TM4, TM2/TM2) with colliding CRS pattern;

· DMRS/DMRS TMs scenario (e.g. TM9/TM9) with either colliding CRS or non-colliding CRS patterns;
· CRS/DMRS TMs scenario (e.g. TM4/TM9) with colliding CRS patterns;

Note: The TM X / TM Y notation is used to describe the scenario with TM X in the serving cell and TM Y in the interference cells. The DMRS TMs term denotes DMRS-based PDSCH TMs, while CRS TMs term denotes CRS-based PDSCH TMs.
Assuming large number of scenarios, some prioritization should take place. For instance, the performance gains tests for TM2/TM2, TM4/TM4 and TM9/TM9 scenarios can be prioritized.

Based on our simulation results in [3], either small performance gains or even performance loss can be observed in the following scenarios which can be considered as candidates for Type #2 NAICS robustness tests: 
· CRS/CRS TMs scenarios (e.g. TM4/TM4, TM2/TM2) with non-colliding CRS pattern;

· DMRS/CRS TMs scenario (e.g. TM9/TM4) with either colliding CRS or non-colliding CRS patterns;

· CRS/DMRS TMs scenario (e.g. TM4/TM9) with non-colliding CRS pattern.

Proposal #3: The NAICS receivers’ performance gains should be ensured in the following TM and CRS pattern scenarios:
· TM2/TM2 with colliding CRS patterns;

· TM4/TM4 with colliding CRS patterns;

· TM9/TM9 with colliding and non-colliding CRS patterns;

The NAICS receivers’ robustness should be ensured in the following TM and CRS pattern scenarios:

· TM2/TM2 and TM4/TM4 with non-colliding CRS patterns;
· TM9/TM4 with either colliding or non-colliding CRS patterns.
The summary of the proposed TMs scenarios is provided in Table 1 and Table 2 for the colliding and non-colliding CRS scenarios, respectively. 
Table 1. TMs scenarios for colliding CRS

	
	TM2 interference
	TM3 interference
	TM4 interference
	TM9 interference

	TM2 serving
	Type #1
	
	FFS [Type #1]
	

	TM3 serving
	
	
	
	

	TM4 serving
	
	
	Type #1
	FFS [Type #1]

	TM9 serving
	
	
	Type #2
	FFS [Type #1]


Table 2. TMs scenarios for non-colliding CRS

	
	TM2 interference
	TM3 interference
	TM4 interference
	TM9 interference

	TM2 serving
	Type #2
	
	
	

	TM3 serving
	
	
	
	

	TM4 serving
	
	
	Type #2
	

	TM9 serving
	
	
	FFS [Type #2]
	Type #1


3.2 Interference profile

Either ON/ON or ON/OFF interference pattern should be considered for the NAICS demodulation tests. The OFF/ON interference pattern should be out of scope due to reduced NAICS gains. As for the interference power, typical values used for the SI and WI analysis can be used. For the Type #1 tests, the medium and high INR conditions (50% and 80% I1/Noc CDF) corresponding to the NAICS Scenario 1 with 40 % RU and low geometry can be used. For the Type #2 tests, the low INR conditions (20% I1/Noc) for the same scenario can be considered.
Proposal #4: The following interference profiles should be considered for the NAICS tests:

· ON/ON interference pattern

· NAICS Scenario 1, 40% RU, low geometry

· Type #1: Medium and high INR (50% and 80% I1/Noc)
· Type #2: Low INR (20% I1/Noc)

3.3 Transmission parameters

The PDSCH demodulation tests should be based on Phase 1 methodology adopted in the NAICS SI and WI Core part with fixed serving and interference cell transmission parameters including MCS, RI, signal presence and power level.

The demodulation tests should cover different MCS levels for both serving and interference cells. For both Type #1 and Type #2 tests QPSK and QAM16 modulation can be used for the serving cell. The Type #1 performance gains tests should be defined under assumption that the first dominant interferer has QPSK modulation. In addition, the higher-order modulation can be assumed for the second dominant interferer to ensure that the performance gains in the test come from suppression of the first interferer only. The Type #2 robustness tests it is important to ensure that there is no performance loss vs the LMMSE-IRC in case of the QAM64 modulation for the first dominant interferer. The QAM256 interference is out of scope.

For the TM4 and TM9 NAICS demodulation test cases the rank 1 transmissions in the serving and interference cells should be the first priority. The Type #2 tests should ensure no performance loss for the case of rank 2 transmissions in the interference cells.

Proposal #5: The following transmission parameters are considered for the NAICS tests:

· Fixed Phase 1 NAICS model as baseline

· Modulation

· QPSK and QAM16 modulation for serving cell
· Type #1 tests have QPSK for the first dominant interferer and higher order modulation for the second dominant interferer
· Type #2 tests should ensure no loss for the case of QAM64 first dominant interferer

· RI for TM4 and TM9
· RI = 1 for serving cell

· Type #1 tests have RI = 1 for the first dominant interferer

· Type #2 tests should ensure no loss in case of RI = 2 for the first dominant interferer

3.4 Randomized interference model

Special tests with randomized interference models should be also be introduced to verify that UE adheres the blind detection granularity in time/frequency domains. Meantime, in the remaining tests fixed interferer reference channel can be assumed. The interferer presence/MCS/PMI variation granularity should be chosen equal to the tested resource allocation and precoding granularity (e.g. 1 or 4 PRB pairs). The exact distribution of the parameters should be chosen in a way to allow good testability. 
Proposal #6: Introduce randomized interference model to check that UE adheres the blind detection granularity in time/frequency domains. The model details are FFS.
3.5 Time/Frequency offsets

To verify that UE has correct implementation in terms of the interference signal time/frequency offsets estimation and compensation, realistic time and frequency offsets for the interference cell signals should be considered in the NAICS demodulation tests. In the last RAN4 meeting the following agreements with this respect were reached [2]:

· … same as CoMP or feICIC (to be finalized later on the 2 interfering cells), specific test case setup will be discussed in a later stage.

In our view, the DL CoMP assumptions can be used for the NAICS test cases. In this case the parameters for the second dominant interferer need to be defined. Assuming that no IS/IC is assumed for the second dominant interferer, either feICIC parameters for the second dominant interferer can be reused or the parameters can be chosen high enough to preclude possibility of 2nd interferer signal suppression/cancellation.
Proposal #7: DL CoMP based time/frequency offsets model (i.e. 200 Hz frequency and 2mus time offsets) is used for the first dominant interferer.
3.6 Channel model

The majority of the previous RAN4 studies considered the EPA5 channel model. For the definition of the enhanced performance requirements additional channel models need to be considered to back NAICS receivers applicability in those scenarios. For instance, ETU5 and EVA5 channel models can be considered. In addition, serving cell and interference cell channel models can be different (e.g. EPA and ETU) and it may be reasonable to verify correct interferer channel parameters estimation (delay spread, Doppler shift) for the serving and interference signals.

Proposal #8: The EPA5 channel model is used as baseline. The NAICS test cases should also cover other channel models (e.g. ETU5 or EVA5) and the case of different channel models for serving and interference signals.

3.7 Antenna configuration

The previous RAN4 WG studies were focused on the 2x2 antenna configuration scenario. No consensus was reached on the feasibility of CRS-based PDSCH interference handling in case of 4 CRS APs. Meantime, the DMRS-based PDSCH interference handling in case of 4 TX antennas was agreed to be feasible. Hence, the 2x2 and 4x2 antenna configurations should be considered for the tests for DMRS-based TMs and 2x2 configurations for the tests with CRS-based TMs. In addition, so far no consensus was reached on the feasibility of using NAICS in the scenarios with different number of transmit antennas in the serving and interference cells. No test cases for those scenarios are needed.
Proposal #9: The following antenna configurations are considered for NAICS demodulation tests: 

· 2x2 for CRS-based PDSCH TMs;

· 2x2 and 4x2 for DMRS-based PDSCH TMs;
· Serving and interference cells have equal number of transmit antennas and CRS APs.

3.8 PDCCH parameters and control region interference
As shown in [5], the erroneous PDCCH decoding might have noticeable impact on the NAICS performance in the low SINR conditions. The problem can be solved in case of using enhanced IS/IC receivers for downlink control channels in the interference-limited environments. However, such enhancements can be introduced no earlier than in Rel-13 . In the last RAN4 meeting the following agreements were reached [2]:

· Assume perfect PDCCH decoding under medium and low interference level in simulations.

· Simulation under high interference level need to ensure the PDCCH impact to PDSCH is minimized (solution TBD).
So, based on the last RAN4 meeting agreements the NAICS test cases need to be designed in a way to avoid PDCCH decoding impacts on the PDSCH demodulation. To achieve this goal, the largest possible PDCCH AL should be chosen to optimize the link-budget. In addition, the following two approaches can be considered from the test case perspective to improve the PDCCH demodulation performance:

· Solution #1: Reduce interferer control region loading. By default, it is assumed that the interferer control region loading is ~100%. One of the possible approaches that can be used to improve the PDCCH link-budget is to reduce the interferer control region loading. For instance, we propose to assume no interference transmission in the interference cell control region.

· Solution #2: Increase serving cell PDCCH boosting. Another possible approach is to apply power boosting for the serving cell control channel transmission which is a typical strategy for the cell-edge UE. For instance, 3 dB boosting can be considered.

The simulation results provided in the Annex show that the Solution #1 allows avoiding PDCCH decoding impacts for the Medium INR settings. Meanwhile, for the High INR conditions Solution #1 alone still results in small performance degradation and Solution #2 should be additionally applied to minimize the impact on the performance. So, in summary we suggest to consider no interference for the control region and additionally apply control channel boosting for the high INR conditions.
Proposal #10: The following settings are used for serving/interference cell PDCCH:
· Serving cell PDCCH AL 8;
· No interference in the control region;
· 3dB serving cell PDCCH boosting for high INR.
4. NAICS higher-layer signalling
4.1 NAICS higher-layer signalling reliability
In the last meeting, several companies proposed to include the scenario with incorrect NAICS higher-layer signalling as a potential scenario for Type #2 test purpose. In our view, the incorrect signalling should be avoided by eNB side and can be considered as a corner case. In case if eNB cannot guarantee the reliability of the respective signalling, it should not provide signalling at all or use robust parameters instead (e.g. 1 PRB pair for the resource allocation granularity). Hence, no test cases for the incorrect NAICS higher-layer signalling should be introduced.

Proposal #11: Do not define NAICS demodulation test cases for the scenarios with incorrect NAICS higher-layer signalling.

4.2 Signalled parameters

The summary of our views on the NAICS higher-layer signalling parameters to be used in the demodulation test cases is provided in Table 3.
Table 3. NAICS higher-layer signalling

	Parameter
	Comments

	Interference cells parameters

	Physical cell ID
	Cell ID and parameters of the two dominant interferers defined in the test are signalled.

	PB
	No need to test different PB values. 
Fixed PB = 1 is signalled for all tests.

	CRS port number
	Baseline is 2 CRS APs 

For TM9/TM9 tests 4 CRS APs can be considered for 4x2 antenna configurations

	MBSFN subframe configuration
	No need to test. MBSFN pattern is not configured in the network.

	Restricted subset of PA
	The signalled subset of PA values includes the actually used one.

For some tests with single PA value can be configured.

	Transmission mode
	The signalled subset of TMs includes the actually used TMs.
The TM10 is not included in the signalled set.

Reduced set can be used for certain tests (e.g. for tests with CRS-based PDSCH TMs in the serving and interference cells)

	Resource allocation and precoding granularity
	By default, 1 PRB pair is signalled.

As special test case is introduced for the 4 PRB pairs

	Serving cells parameters

	Power offset value (PA) for QPSK C-RNTI based PDSCH transmissions of the serving cell
	By default, can be set same as PA for non-QPSK transmissions

The NAICS tests should ensure that UE correctly exploits the respective signalling. The specific setup may include different values for QPSK and non-QPSK transmissions.


5. Test cases

Below we propose the three Type #1 test case which should be discussed with the first priority.
Test case #1. TM2/2/2 with colliding CRS

Test purposes include verification of the correct implementation of the following functionality:

· Blind detection of the TM2 interference parameters (presence, power offset, modulation)

· CRS-IC based channel estimation 

· Interferer time/frequency offset handling for CRS-based interference TMs;

· NAICS demodulation under assumption of Transmit Diversity interference spatial structure.

The key test parameters are as follows:

· TM2/2/2 with Colliding CRS (0/6/1)

· Modulation: QPSK/QPSK/QAM64

· Interference profile: High INR
· Antenna configuration: 2x2 [medium] correlation
· Channel model: EPA 5
Test case #2. TM4/4/4 with colliding CRS

Test purposes include verification of the correct implementation of the following functionality:

· Blind detection of the TM4 interference parameters (presence, precoding, power offset, modulation)

· CRS-IC based channel estimation 

· Interferer time/frequency offset handling for CRS-based interference TMs.
The key test parameters are as follows:

· TM4/4/4 scenario with Colliding CRS (0/6/1)

· Modulation: QPSK/QPSK/QAM64

· RI: 1/1/2

· Interference profile: ON/ON, High/Medium INR
· Antenna configuration: 2x2 low correlation

· Channel model: [EPA 5]
Test case #3. TM9/9/9 with non-colliding CRS

Test purposes include verification of the correct implementation of the following functionality:

· Blind detection of the TM9 interference parameters (presence, RI, DMRS APs, nSCID, modulation)

· DMRS-IC based channel estimation 

· Interferer time/frequency offset handling for DMRS-based interference TMs;

· Non-colliding CRS-IC.

The key test parameters are as follows:

· TM9/9/9 scenario with Non-Colliding CRS (0/2/1)

· Modulation: QPSK/QPSK/QAM64

· RI: 1/1/2

· Interference profile: ON/ON, High INR
· Antenna configuration: [2x2] and [4x2] low correlation

· Channel model: [EPA 5]
6. Conclusions

In this contribution we have shared our views on the views on the NAICS UE demodulation framework including tests purposes, scenarios and interference models. In summary, we make the following proposals:

Proposal #1: Introduce PDSCH demodulation tests for the verification of NAICS functionality.

Proposal #2: Define the following general test purposes for the NAICS PDSCH demodulation tests: 

· Type #1: Verification of NAICS receivers’ performance gains (first priority);

· Type #2: Verification of NAICS receivers’ robustness (second priority).

Proposal #3: The NAICS receivers’ performance gains should be ensured in the following TM and CRS pattern scenarios:

· TM2/TM2 with colliding CRS patterns;

· TM4/TM4 with colliding CRS patterns;

· TM9/TM9 with colliding and non-colliding CRS patterns;

The NAICS receivers’ robustness should be ensured in the following TM and CRS pattern scenarios:

· TM9/TM4 with either colliding or non-colliding CRS patterns;

· TM2/TM2 and TM4/TM4 with non-colliding CRS patterns.

Proposal #4: The following interference profiles should be considered for the NAICS tests:

· ON/ON interference pattern

· NAICS Scenario 1, 40% RU, low geometry

· Type #1: Medium and high INR (50% and 80% I1/Noc)

· Type #2: Low INR (20% I1/Noc)

Proposal #5: The following transmission parameters are considered for the NAICS tests:

· Fixed Phase 1 NAICS model as baseline

· Modulation

· QPSK and QAM16 modulation for serving cell

· Type #1 tests have QPSK for the first dominant interferer and higher order modulation for the second dominant interferer

· Type #2 tests should ensure no loss for the case of QAM64 first dominant interferer

· RI for TM4 and TM9

· RI = 1 for serving cell

· Type #1 tests have RI = 1 for the first dominant interferer

· Type #2 tests should ensure no loss in case of RI = 2 for the first dominant interferer

Proposal #6: DL CoMP based time/frequency offsets model (i.e. 200 Hz frequency and 2mus time offsets) is used for the first dominant interferer.

Proposal #7: The EPA5 channel model is used as baseline. The NAICS test cases should also cover other channel models (e.g. ETU5 or EVA5) and the case of different channel models for serving and interference signals.

Proposal #8: The following antenna configurations are considered for NAICS demodulation tests:
· 2x2 for CRS-based PDSCH TMs;

· 2x2 and 4x2 for DMRS-based PDSCH TMs;
· Serving and interference cells have equal number of transmit antennas and CRS APs.

Proposal #9: The following settings are used for serving/interference cell PDCCH

· Serving cell PDCCH AL 8;

· No interference in the control region;

· 3dB serving cell PDCCH boosting for high INR.

Proposal #10: Special test case should be introduced to check that UE exploits information on the increased interferer signal resource allocation and precoding granularity.
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Annex – PDCCH decoding impact on NAICS performance
The following two approaches are considered to minimize PDCCH demodulation impact on NAICS performance:
· Solution #1: Reduce interferer control region loading. By default, it is assumed that the interferer control region loading is ~100%. One of the possible approaches that can be used to improve the PDCCH link-budget is to reduce the interferer control region loading.

· Solution #2: Increase serving cell PDCCH boosting (for instance, 3 dB boosting can be considered).

The simulation results summary for NAICS receivers gains vs. the LMMSE-IRC is shown in Figure 1. In Figure 2, we illustrate the potential NAICS receivers performance loss due to PDCCH decoding errors comparing to the case of no PDCCH impact. In Figure 3, we show selected simulation results.
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	Figure 1. NAICS receivers gains vs. the LMMSE-IRC
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	Figure 2. NAICS receivers loss vs. the case of no PDCCH impact
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	Figure 3. PDCCH interference load impact on Blind R-ML receiver performance


Observations:

· Solution #1 with 0% interference control region loading allows avoiding PDCCH decoding impacts on NAICS performance for the Medium INR settings.

· Solution #1 with 0% interference control region loading alone does not allow avoiding PDCCH decoding impacts on NAICS performance for the High INR settings.

· Joint usage of Solution #1 with 0% interference control region loading and Solution #2 with 3dB PDCCH boosting allows almost complete avoiding PDCCH decoding impacts on NAICS performance for the High INR settings.

Table 4. Simulation assumptions.

	Parameter
	Value

	Channel
	EPA-5Hz

	System bandwidth
	10 MHz

	Number of interference BS
	2

	Cell ID
	Serving cell: 0

Interferer cell #1: 6

Interferer cell #2: 1

	Antenna configuration
	2x2, low correlation

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Interference scenario
	Interference profile - NAICS scenario #1, 40% RU, low SINR Case

Medium INR: 50%-tile I1/Noc: I1/Noc = 7.77 dB, I2/Noc = 2.29 dB
High INR: 80%-tile I1/Noc: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

	Useful signal PDSCH transmission parameters
	TM9, RI = 1

12 PRB resource allocation

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate ½

	Useful signal PDCCH/PCFICH transmission parameters
	CFI = 2, PDSCH starting symbols follows CFI

PDCCH format 3

DCI size = 42 bits payload + 16bits CRC

	Interference signal PDSCH transmission parameters
	TM9, RI = 1

MCS 5: QPSK, Rate 1/3

	Interference signal PDCCH/PCFICH transmission parameters
	CFI = 2, PDSCH starting symbols follows CFI

REG level partial load control region interference model

0%, 25%, 50%, 75% and 100% loading

	Receiver structures
	PDSCH demodulation: NAICS (Blind R-ML) and LMMSE-IRC

PDCCH demodulation: LMMSE-MRC
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