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1. Introduction

One of the main NAICS WI [1] objectives is the identification of the semi-static interference parameters required to enable NAICS operation especially those that can be blindly detected or require higher-layer (HL) signalling. In the previous RAN1, RAN4 meetings, and RAN1 follow-up e-mail discussion a number of agreements on NAICS interference semi-static parameters were reached [2-4]. In particular, the agreements to introduce semi-static signalling for multiple parameters were achieved, however some of the important parameters were not completely decided.
In this contribution, we share our views on the possibility of detection or signalling of the remaining semi-static interference parameters including:
· Restricted subset of PA;
· PDSCH starting position;
· Zero power and non-zero power CSI-RS configuration;
· TDD UL/DL configuration of interfering cells.
2. Discussion

2.1 Restricted subset of PA
In the last meeting both RAN1 and RAN4 WGs have come to the following conclusions on the higher layer signaling of the restricted subset of PA values:
RAN4 agreements [2]

· Parameters that RAN4 found benefit in complexity and performance if RAN1 defines the HL signalling with subset restrictions.

· User specific PDSCH-to-CRS EPRE, PA

· RAN4 found that with a subset size of at most 3 (baseline) or 4 values PA can be jointly blindly detected with other dynamic parameters

· Further reduction of the subset size is considered to be beneficial in complexity and performance without restricting network deployment.

· RAN4 also suggest that P_A values should apply to QPSK PDSCH transmissions for both serving cell and interfering cell

RAN1 agreements [3]

· The following parameters of interfering cells are signalled by higher layer

· Restricted subset of PA 

· Subset size of PA at most 3 (baseline) or 4 values

· Data RE to RS power offset values should apply to QPSK PDSCH transmissions 

· The exact values of PA will be determined until RAN1#78, including existing values and possible new values

The baseline RAN4 assumption is a subset of up to 3 power offset values that can potentially be used in the interfering cell need to be higher layer signalled. Another possible option is to use a subset of up to 4 possible values. In our view it is important to have limited number of power offset hypothesis in order to keep the UE blind detector at reasonable level. Depending on the UE implementation different approaches can be considered for the PA detection. One possible approach would be to apply joint detection of the interference cell parameters including the PA, PMI, RI, and MF. In such case the total number of possible hypothesis will increase by 33% in case of using 4 PA hypothesis instead of using 3 possible values and hence will have noticeable impact on the overall algorithm complexity. So, using higher layer signalling of a subset of up to 3 power offset values is recommended.
The signaled PA values should belong to a predefined set (e.g. {-6, -4.77, -3, -1.77, 0, 1, 2, 3}). The existing set of possible PA values can be extended to include practical QPSK-based power offset parameters, which are currently not constrained in accordance to the RAN1 specification. 
Additionally we would like to note that the selection of the PA values (i.e. spacing between the PA values) might potentially have impact on the power offset blind detection performance. Below we provide link-level results for different subsets of PA values having different spacing (0.5 dB, 1 dB, 3 dB). The simulation results are illustrated in Figures 1-4 (the simulation assumptions are provided in the Annex). From the analysis of the considered scenarios it can be seen that the spacing between the signaled PA values has relatively small impact on the overall NAICS performance in low SNR conditions. In case of medium SNR, using 3 dB spacing results in maximum 0.5 dB performance loss comparing with the 1 dB PA spacing case. However, the final choice of the exact values to be used in the higher-layer signaling should be up to the RAN1 WG decision. At the same time, further discussion on the exact PA subset used for the demodulation tests should take into account potential impact on the performance.
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	Figure 1. PDSCH throughput 
50% I1/Noc, ON/ON pattern
Serving cell: TM4, RI = 1, MCS #5, Cell ID 0
Interference cell: TM4, RI = 1, MCS #5, Cell ID 6
	Figure 2. PDSCH throughput 
80% I1/Noc, ON/ON pattern
Serving cell: TM4, RI = 1, MCS #5, Cell ID 0
Interference cell: TM4, RI = 1, MCS #5, Cell ID 6
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	Figure 3. PDSCH throughput 
50% I1/Noc, ON/ON pattern;
Serving cell: TM4, RI = 1, MCS #14, Cell ID 0
Interference cell: TM4, RI = 1, MCS #5, Cell ID 6
	Figure 4. PDSCH throughput 
80% I1/Noc, ON/ON pattern;
Serving cell: TM4, RI = 1, MCS #14, Cell ID 0
Interference cell: TM4, RI = 1, MCS #5, Cell ID 6


Proposal:

1. The maximum PA subset size is 3. The possible set of PA values to be signalled is up to RAN1 decision.
2.2 PDSCH starting position
In the last meeting, both RAN1 and RAN4 WGs indicated that the studies with respect to the PDSCH starting positions signaling should continue:
RAN4 agreements [2]:
· RAN4 is continuing to study the complexity and performance benefits of assistance signalling for the following parameters until RAN4 #72 at the latest:

· PDSCH starting OFDM symbol

· This signalling does not imply any restriction at the eNodeB

RAN1 agreements [3]:
· The following parameters of interfering cells are signalled by higher layer

· FFS: PDSCH starting position
Following the detailed discussion in [5] and [6], in our view the following several system design options can be considered in application to handling interferer PDSCH starting symbol for NAICS receivers.
Option 1: Higher layer signaling of the PDSCH starting symbol

In case of presence of the PDSCH starting symbol higher-layer signaling, the UE may assume that the parameter is perfectly known and apply NAICS processing under this assumption. For instance, UE may apply enhanced NAICS processing on the OFDM symbols with the PDSCH interference and legacy LMMSE processing on the OFDM symbols corresponding to the PDCCH interference. Hence, the impact on the UE complexity is minimal. At the same time, as discussed previously it is also important to keep the eNB scheduler flexibility in terms of the PDCCH region size adaptation and hence the signaling should not enforce any scheduling restrictions. In fact, eNB may not follow the signaling and vary the size of the PDCCH region but the degradation in the UE performance should be expected in this case. At the same time eNB might still choose a typical value which would allow some tradeoff between the eNB scheduler flexibility and NAICS receiver performance.
Observation:

· Higher layer signalling of the PDSCH starting symbol has no or minimal impact on the UE complexity, performance and eNB scheduler flexibility.

Option 2: Blind detection of the PDSCH starting symbol
The pure PCFICH detection cannot provide correct information on the interferer PDSCH starting symbol as the actual parameter may be higher-layer configured instead of being derived from the CFI (e.g. TM10 or cross-carrier scheduling case). As proposed in [6] blind detection of the PDSCH start based on the covariance matrix analysis can be used instead. However, such approach would impose additional receiver complexity due to covariance matrix computations for the potential PDCCH OFDM symbols. Additionally, the performance aspects are not clear and more through study needs to be conducted to verify algorithm robustness. For instance, the PDCCH region is often characterized by the partial resource utilization on a per-REG level which might be different for the serving and interference cells. In addition, the power control for the PDCCH transmissions is not specified and arbitrary power boosting/reduction can be applied. The respective values are not known for both serving and interference cells hence some impact on the accuracy and robustness of the considered approach can be expected. Finally, in general case the actual PDSCH starting symbol may vary on a per-PRB basis in case of mix of transmissions with and without cross-carrier scheduling and different CFI and PDSCH starting symbols. So, due to these reasons we prefer to focus on other solutions which do not involve blind detection of the PDSCH starting symbol.

Observation:

· Blind detection of the PDSCH starting symbol may not be robust in all interference conditions.

Option 3: NAICS processing under assumption of unknown interferer PDSCH starting symbol
In case the higher-layer signaling is not provided, UE may apply different assumptions in terms of receiver processing:
· Option 3a: NAICS processing under assumption of same PDSCH starting symbols in serving and interference cells. UE may assume same PDSCH starting symbol between serving and interference cells and apply enhanced NAICS processing for all PDSCH OFDM symbols. However, in this case some degradation can be expected if the serving cell has small PDCCH region while the interference cell has large PDSCH starting symbol. For instance, the worst case would correspond to the scenario with serving cell CFI = 1 and interference cell CFI = 3. In this case the processing for the first two PDSCH OFDM symbols will be incorrect (both blind detection and R-ML processing). 

· Option 3b: NAICS processing under conservative assumption on the interferer PDSCH starting symbol. Another approach that can be applied is to use NAICS receiver on a definitive PDSCH symbols and use baseline LMMSE-IRC on the potential PDCCH symbols. Such processing will not have any impact on the eNB scheduler flexibility, however certain performance degradation can be expected in case if the real PDSCH starting symbol at the interference cell is less than the maximum one which might happen rather often.
To evaluate the potential performance degradation in case of using NAICS processing under assumption of unknown interferer PDSCH starting symbol the link-level analysis was done for the scenarios with different serving and interference cell PDSCH starting symbols (CFIS and CFII, respectively). The R-ML based NAICS receiver performance was studied assuming using Option 1, 3a and 3b approaches. The performance in Option 1 can be considered as the benchmark. In this case we assume that the R-ML is applied on the OFDM symbols corresponding to the interferer PDSCH and LMMSE-IRC processing is applied on the OFDM symbols corresponding to the PDCCH interference. The full set of simulation parameters is provided in the Annex. The selected simulation results are illustrated in Figures 5 – 8. The simulation results summary is illustrated in Figure 9 and Table 1.
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	Figure 5. PDSCH throughput 
50% I1/Noc, ON/OFF pattern; 
Serving cell: TM9, RI = 1, MCS #5, CFI = 1
Interference cell: TM9, RI = 1, MCS #5, CFI = 2
	Figure 6. PDSCH throughput 
80% I1/Noc, ON/OFF pattern; 
Serving cell: TM9, RI = 1, MCS #5, CFI = 1
Interference cell: TM9, RI = 1, MCS #5, CFI = 2
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	Figure 7. PDSCH throughput 
50% I1/Noc, ON/OFF pattern; 
Serving cell: TM9, RI = 1, MCS #14, CFI = 1
Interference cell: TM9, RI = 1, MCS #5, CFI = 2
	Figure 8. PDSCH throughput 
80% I1/Noc, ON/OFF pattern; 
Serving cell: TM9, RI = 1, MCS #14, CFI = 1
Interference cell: TM9, RI = 1, MCS #5, CFI = 2
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Figure 9. NAICS receiver SNR gains vs. baseline LMMSE-IRC receiver @ 70% throughput, [dB]
Table 1. Performance loss due to unknown interferer PDSCH starting symbol
	CFIS
	CFII
	Option 3a
	Option 3b

	1
	1
	no loss
	up to 0.5 dB loss

	1
	2
	up to 1.6 dB loss
	up to 0.4 dB loss

	1
	3
	up to 1.3 dB loss
	no loss

	2
	1
	no loss
	up to 0.3 dB loss

	2
	2
	no loss
	up to 0.3 dB loss

	2
	3
	up to 1.4 dB loss
	no loss

	3
	3
	no loss
	no loss

	3
	3
	no loss
	no loss

	3
	3
	no loss
	no loss


Based on the conducted analysis we observe that depending on whether Option 3a or 3b processing is applied up to 1.6 or 0.5 dB degradation respectively can be expected for the TM9/TM9 scenario in case of unknown interferer PDSCH starting symbol comparing to the case when the parameter is perfectly known. In general the performance degradation in the studied scenarios in case of using Option 3b processing is rather acceptable assuming that much larger gains are observed. However, the larger performance degradation can be expected in the TM4/TM4 scenario with the colliding CRS and in scenarios with NRBDL ≤ 10 due to more conservative assumptions on the PDSCH starting symbol.
Observation:

· NAICS processing under assumption of same PDSCH starting symbol between serving and interference cells results in up to 1.6 dB performance degradation vs the case of provided HL signalling when the interference cell PDSCH starting symbol is larger than the one in the serving cell transmission.
· NAICS processing under conservative assumptions on the interferer PDSCH starting symbol results in up to 0.5 dB performance degradation vs the case of provided HL signalling when the interference cell PDSCH starting symbol is less than the maximum one.
In summary, we conclude that blind detection of the PDSCH starting symbol (Option 2) has UE complexity impacts and might needs further study in multiple scenarios while the autonomous UE processing under assumption of unknown PDSCH starting symbol (Option 3) might result in certain performance losses. So, the higher-layer signalling of the PDSCH starting symbol index seems to be the suitable option which might allow both performance benefits and complexity savings. In our view at least optional signalling of the PDSCH starting position should be provided to the UE in cases when it does not restrict eNB scheduler in a way to optimize receiver performance. Meanwhile, in case when higher-layer signalling is not provided conservative receive processing (i.e. Option 3b) should be applied.
Proposal:

2. Neighbouring cells PDSCH starting positions are optionally higher-layer signalled to the UE. If information on the PDSCH starting symbols is not provided, UE applies NAICS processing under conservative assumption on the interferer PDSCH starting position. Interferer PDSCH starting position blind detection is not required and is up to UE implementation.
2.3 NZP and ZP CSI-RS configurations

In the last meeting both RAN1 and RAN4 WGs indicated that the studies on the neighboring cell NZP and ZP CSI-RS configurations signaling should continue:
RAN4 agreements [2]:
· RAN4 is continuing to study the complexity and performance benefits of assistance signalling for the following parameters until RAN4 #72 at the latest:

· ZP and NZP CSI-RS configuration

RAN1 agreements [3]:
· The following parameters of interfering cells are signalled by higher layer

· FFS: Zero power and non-zero power CSI-RS configuration (Optionally provided by eNB)

In our view, the knowledge of the NZP and ZP CSI-RS configurations is needed for multiple reasons:

· PDSCH IS/IC: If UE does not know the CSI-RS presence and attempts to make enhanced processing the performance may suffer due to incorrect assumptions on the signal structure (i.e. modulation, spatial structure) if the neighbouring cell ZP and NZP CSI-RS collide with the serving cell PDSCH REs. The exact impact on the PDSCH demodulation performance will depend on the set of used ZP and NZP CSI-RS configurations (i.e. number of affected REs) and considered NAICS receiver algorithm. For instance, the R-ML receiver might be more sensitive to the imperfect assumptions on the signal structure comparing to the SLIC receiver.

· Blind parameters detection: The information on the NZP and ZP CSI-RS is needed to make correct assumptions on the neighbouring cell PDSCH RE mapping to assist the selection of the REs for the interference parameters blind detection. If UE uses the REs occupied by neighbouring cell CSI-RS transmission for the detection of the PDSCH parameters the quality of estimates may suffer. Hence, from the reliability perspective it is better to choose the REs which definitely contains interferer PDSCH signals.

· TM10 interference handling: The knowledge of the NZP CSI-RS configuration might be required as a part of the QCL signalling in case of CoMP Scenario 4 operation to enable time offset tracking.

Observation:

· The knowledge of the neighbouring cell NZP and ZP CSI-RS configurations is needed to improve performance/complexity of the PDSCH IS/IC, blind interference parameters detection and TM10 interference handling.

The potential impact on system performance would depend on the actual amount of ZP and NZP CSI-RS used in the neighbouring cell, their periodicity and the duplexing mode. For instance, the largest impacts can be expected in TDD systems using UL favoured UL-DL configurations and with 5 ms periodicity of the ZP and NZP CSI-RS transmissions. So, in the worst case up to 50% of DL subframes can be affected.
Observation:

· In up to 50% of DL subframes, the DL throughput can be affected due to lack of neighbouring cell NZP and ZP CSI-RS configurations knowledge.
We would also like to note that the completely blind detection of the NZP CSI-RS configurations is rather complex due to large amount of potential hypothesis on time and frequency patterns of the transmissions. The blind detection complexity can be reduced in case certain restrictions on the possible set of NZP CSI-RS parameters are introduced. Meanwhile, in our view such limitations might reduce the flexibility of the CSI-RS configuration and hence have impact on the overall system efficiency.
The link-level performance analysis was done to evaluate the impact of the knowledge of the neighbouring cell ZP and NZP CSI-RS on the enhanced receivers performance. The scenario where serving cell PDSCH collides with one NZP CSI-RS resource with four antenna ports and one ZP CSI-RS resource from the dominant interferer was considered. The throughput performance was analysed in the subframes containing the respective ZP and NZP CSI-RS transmissions only (e.g. 1 out of 5 subframes in case of 5ms CSI-RS periodicity). In case of no signalling of neighbouring cell ZP and CSI-RS configurations, the R-ML receiver which applies same processing in all data REs was considered. In case when HL signalling is available we assume that NAICS receiver can handle ZP and NZP CSI-RS interference in a more efficient way. The more detailed simulation assumptions can be found in the Annex. The selected simulation results are illustrated in Figures 10-13 and the results summary is provided in Figure 14 (SNR loss in case of no HL signalling) and Figure15 (SNR gains vs. baseline LMMSE-IRC receiver).
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	Figure 10. PDSCH throughput for subframes with CSI-RS 
50% I1/Noc, ON/OFF pattern; 
Serving cell: TM9, RI = 1, MCS #5
Interference cell: TM9, RI = 1, MCS #5
	Figure 11. PDSCH throughput for subframes with CSI-RS 
80% I1/Noc, ON/OFF pattern;
Serving cell: TM9, RI = 1, MCS #5
Interference cell: TM9, RI = 1, MCS #5
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	Figure 12. PDSCH throughput for subframes with CSI-RS 
50% I1/Noc, ON/OFF pattern; 
Serving cell: TM9, RI = 1, MCS #14
Interference cell: TM9, RI = 1, MCS #5
	Figure 13. PDSCH throughput for subframes with CSI-RS 
80% I1/Noc, ON/OFF pattern; 
Serving cell: TM9, RI = 1, MCS #14
Interference cell: TM9, RI = 1, MCS #5
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Figure 14. SNR loss due to lack of knowledge on neighbouring cell NZP and ZP CSI-RS configurations
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Figure 15. NAICS receiver SNR gains vs. baseline LMMSE-IRC receiver @ 70% throughput, [dB]
The results of the analysis show that the lack of interferer NZP and ZP CSI-RS resource configurations knowledge at the UE (Blind R-ML w/o assistance) side can lead to noticeable performance losses comparing to the perfect parameter knowledge case (Blind R-ML w/ assistance). In particular, the largest degradation is observed in case of strong dominant interferer and low SNR conditions and may reach up to 3 dB in the studied scenarios.
Observation:

· Lack of interference cell NZP and ZP CSI-RS resource configurations knowledge can result in up to 3 dB SNR loss comparing the perfect knowledge case in the investigated scenarios in subframes containing the respective transmissions.

So, based on the simulation results and mentioned issues we believe that it is important to inform UE on the ZP and NZP CSI-RS used by the neighbouring cells. In addition, we would like to note that in general case the CSI-RS configurations are UE-specific and in principle different UEs may be configured with different parameters. To remove possible ambiguity UE should assume that eNB uses all the signalled ZP and NZP CSI-RS configurations. We also don’t think that signalling of ZP CSI-RS can fully substitute signalling of NZP CSI-RS resources especially when NZP CSI-RS configuration with 1 or 2 antenna ports is considered.
Proposal:

3. Neighbouring cells ZP and NZP CSI-RS configurations are signalled to the UE.

2.4 Neighbouring cell TDD UL-DL configurations

The traditional (non-eIMTA) TDD systems operate synchronously in time with perfectly aligned SIB-1 UL/DL configurations across different cells in the same band. Therefore, for enabling NAICS processing in the DL and special subframes no additional higher signalling is required and UE might assume that same UL/DL configurations are used in the serving and neighbouring cells.
Proposal:

4. For TDD networks, in case if semi-static signalling is provided UE may assume that all neighbouring cells operate synchronously in time with perfectly aligned SIB-1 UL/DL configurations across different cells in the same band and same special subframe configurations.
For LTE TDD eIMTA systems in certain subframes the interference type from the neighbouring cell (i.e. DL or UL) may vary on a per-frame basis (see Figure 16). NAICS receivers can be applied in the regular DL and special subframes indicated by SIB1. To support NAICS processing in the reconfigurable DL and special subframes monitoring of UL/DL reconfiguration DCI on the neighbouring cell would be required together with some higher layer signalling information to enable decoding of the corresponding reconfiguration DCI (e.g. eIMTA RNTI, periodicity and subframes used for reconfiguration DCI transmissions, etc.). Alternatively, detection of CRS presence should be required in the flexible subframes. Both approaches imply increased UE implementation complexity and need further study. To simplify NAICS implementation in Rel-12 enhanced processing in flexible subframes may not be mandated. The actual mechanism for handling interference in the flexible subframes of TDD systems can be decided from these alternatives also considering small cell on/off operation which may require similar CRS handling. In our view, if the serving cell operates in eIMTA and UE supports both eIMTA and NAICS it should be at least informed whether eIMTA dynamic UL-DL reconfiguration is used in the neighbouring cells. In case if UE knows that eIMTA dynamic UL-DL reconfiguration is not used in the neighbouring cell, it can apply processing in the DL and Special subframes indicated by SIB1 only as in non-eIMTA systems with respect to the particular interferer. If UE is informed that eIMTA is applied in the neighbouring cell it might attempt make CRS presence detection and handle the interferer.
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Figure 16. Interference in eIMTA flexible subframes

Proposal:

5. If the serving cell operates in eIMTA mode and UE supports both eIMTA and NAICS, UE should be informed whether eIMTA dynamic UL-DL reconfiguration is used in the neighbouring cells
3. Conclusions

In this contribution we have provided our views on the possibility of detection or signalling of the semi-static interference parameters required to enable NAICS operation. In summary, we make the following proposals:
Proposals:

1. The maximum PA subset size is 3. The possible set of PA values to be signalled is up to RAN1 decision.
2. Neighbouring cells PDSCH starting positions are optionally higher-layer signalled to the UE. If information on the PDSCH starting symbols is not provided, UE applies NAICS processing under conservative assumption on the interferer PDSCH starting position. Interferer PDSCH starting position blind detection is not required and is up to UE implementation.
3. Neighbouring cells ZP and NZP CSI-RS configurations are signalled to the UE.

4. For TDD networks, in case if semi-static signalling is provided UE may assume that all neighbouring cells operate synchronously in time with perfectly aligned SIB-1 UL/DL configurations across different cells in the same band and same special subframe configurations.
5. If the serving cell operates in eIMTA mode and UE supports both eIMTA and NAICS, UE should be informed whether eIMTA dynamic UL-DL reconfiguration is used in the neighbouring cells.
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Annex – Simulation assumptions
Table A. Link level simulation parameters

	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
	Section 2.1 and 2.3: 2

Section 2.2: Depend on scenarios



	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

Interference pattern: Section 2.1: ON/ON interference profile; Section 2.2 and 2.3: ON/OFF interference profile

	Transmission parameters of useful signal
	Section 2.1: TM4, RI = 1

Section 2.2 and 2.3: TM9, RI = 1

MCS 5: QPSK, Rate 1/3
MCS 14: QAM16, Rate ½

12 PRB resource allocation

	Transmission parameters of interference signal
	Section 2.1: TM4, RI = 1

Section 2.2 and 2.3: TM9, RI = 1

MCS 5: QPSK, Rate 1/3

MCS 14: QAM16, Rate ½

	IS/IC receiver algorithm
	Section 2.1: Blind R-ML with CRS-based PDSCH interference parameters detection (Presence, PA, TM, RI, PMI, MF)
Section 2.2: Genie-aided R-ML
Section 2.3: Blind R-ML with DMRS-based PDSCH interference parameters detection (Presence, DMRS APs, Cell ID, nSCID, MF)
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