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Introduction
In the RAN #89-e meeting, new WI “Further enhancement on NR demodulation performance” was approved. The revised version was approved in RAN #90-e meeting [1]. Based on the approved work item description, the following objective is considered
	UE demodulation and CSI reporting requirements:
· MMSE-IRC receiver for suppressing inter-cell interference
· Type of requirements: 
· Define PDSCH demodulation requirements
· Further decide whether to introduce the corresponding CQI reporting requirements during the WI
· SCS and slot duration
· Scenario 1: Slot-based transmission and aligned SCS among cells (first priority)
· Scenario 2: Non-slot-based transmission and aligned SCS among cells (second priority)
· Further discuss the assumptions for requirements definition
· Note: Requirements for scenario 1 will first be stabilized before commencing scenario 2.
· Reference receiver: 
· MMSE-IRC with DMRS based interference covariance estimation
· Note: use the DRMS for target UE’s PDSCH.
· Target frequency: FR1
· Rx antenna number: 2Rx and 4Rx 
· Interference profile
· Reuse LTE interference profiles as a starting point
· Other interference profiles are not precluded


In this paper we provide our view on UE requirements for MMSE-IRC receiver for scenario with inter-cell interference.
Discussion
Type of requirements
Based on objectives from approved WID, we can observe that it was agreed to introduce PDSCH demodulation requirements and further discuss whether to define CQI requirements. 
In LTE, CQI requirements for MMSE-IRC receiver are defined in Section 9.3.5 of TS 36.101 [2]. In this section we can find the following two criteria to pass the requirements:
· the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP and that obtained when transmitting the transport format indicated by each reported wideband CQI index subject to a white Gaussian noise source shall be ≥ γ
· when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP, the average BLER for the indicated transport formats shall be greater than or equal to 2%.
The main idea to define such requirements is to verify that UE makes IRC demodulation and IRC CSI feedback for scenarios with inter-cell interference. If UE makes IRC demodulation and MRC CSI feedback, then such behaviour may lead to performance degradation. Performance difference of different UE behaviours was analysed during Rel-11 WI discussion on MMSE-IRC. Example of such analysis can be found in the following papers [3][4]. Taking into account such background, we think that it can be rather beneficial to define CQI requirements for MMSE-IRC receiver for scenario with inter-cell interference for NR UEs to verify that UE makes IRC CSI feedback.
Proposal 1:	Define CQI reporting requirements for MMSE-IRC receiver for scenario with inter-cell interference.
Interference profile
Inter-cell interference modelling for UE demodulation and CSI requirements definition is used for different LTE requirements in TS 36.101. 
For MMSE-IRC receiver requirements (Enhanced requirements Type A) the following assumptions are considered:
· Demodulation requirements for CRS-based TM mode: Explicit modelling of 2 interference cells with DIPs -1.73 and -8.66 dB (INRs 5.43 and -1.50 dB)
· Demodulation requirements for DMRS-based TM mode: Explicit modelling of 1 interference cell with DIPs -1.73 dB (INR = 3.1 dB)
· CQI requirements: Explicit modelling of 1 interference cell with DIPs -0.41 dB (INR = 10.0 dB)
The detailed system level analysis for MMSE-IRC is captured in TR 36.829 [5]. Based on our understanding, homogeneous deployments with two different inter-site distances (500 and 1732 m) were analysed.
For NAICS receiver requirements (Enhanced requirements Type B) the following assumptions are considered:
· [bookmark: _Hlk67665826]Demodulation requirements: Explicit modelling of 2 interference cells with INRs 13.91 and 3.34 dB or 3.28 and 0.74 dB
· CQI requirements: Explicit modelling of 2 interference cells with INRs 3.28 and 0.64 dB
The detailed system level analysis for NAICS is captured in TR 36.866 [6]. Based on this analysis we can observe that two scenarios were analysed (Homogeneous and Heterogeneous). Below in Figure 1, we provide the copy of illustrations of these scenarios from TR 36.866 [6].
	NAICS scenario 1
	NAICS scenario 2a
	NAICS scenario 2b

	
	
	


[bookmark: _Ref67663304]Figure 1. NAICS scenarios
NAICS requirements were defined under assumption of Homogeneous scenario and using of 5-25% region of SINR CDF curve. 
We can use NAICS assumptions for initial alignment purpose. For example, we can check performance for scenarios with INRs 13.91 and 3.34 dB as high interference case or with 7.77 and 2.29 dB as medium interference case. Same time, it is rather important to define new INR values which can be observed in the practical NR deployments.
Another assumption for interference modelling is Loading, Modulation and Rank of PDSCH transmission from each interference cell. For LTE MMSE-IRC demodulation requirements, interference signals are transmitted in each subframe with 16QAM modulation and random rank (Rank 1 – 80% and Rank 2 – 20 % for scenarios with CRS-based TM and Rank 1 – 70% and Rank 2 – 30 % for scenarios with DMRS-based TM). For LTE NAICS demodulation requirements, interference signals are transmitted in 90% of subframes with random modulation (QPSK – 50%, 16QAM – 25%, 64QAM – 25%) and random rank (Rank 1 – 80% and Rank 2 – 20). Taking into account that modulation format of interference does not have impact on MMSE-IRC performance, we can take the LTE MMSE-IRC requirements assumptions for initial alignment purpose.
Proposal 2:	Use the following LTE NAICS assumptions for interference modelling for initial alignment of NR MMSE-IRC performance: 
· Explicit modelling of 2 interference cells with INRs 13.91 and 3.34 dB or 7.77 and 2.29 dB
· Interference signal is transmitted in each slot with 16QAM randomly modulated symbols and with random rank (Rank 1 – 80% and Rank 2 – 20 %)
The typical NR deployment scenarios are defined in TR 38.913 [7]. Based on our understanding, we can consider “Urban macro” scenarios (which is the interference-limited scenarios) and reuse methodology from the LTE NAICS study to derive the INR values. In Table 1 we provide the information with system level assumptions based on TR 38.913 [7] and TR 38.901 [8].
[bookmark: _Ref68277567]Table 1. System level assumptions for Urban macro scenario
	Parameters
	Values

	Cell layout
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)

	Carrier frequency
	4 GHz

	Bandwidth
	20 MHz

	BS parameters
	
Antenna height 
	25m

	
	Antenna configurations
	M = 4,N = 4,P = 2, Mg = 1, Ng = 2, dH = dV = 0.5λ, dH,g = dV,g = 2.5λ

	
	Tx power
	49 dBm

	UT parameters
	Outdoor/indoor
	Outdoor and indoor

	
	LOS/NLOS
	LOS and NLOS

	
	
Antenna Height 
	1.5m

	
	Antenna configuration
	Mg = Ng = 1, M = N = 1, P = 2 with Omni-direction

	
	Distribution and speed
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
10 users per TRxP

	Channel model
	UMa in TR 38.901

	Minimum BS - UT distance (2D)
	35m

	Traffic model
	Full buffer


Proposal 3:	Analyse the SINR and INRs distributions for “Urban macro” NR scenarios using methodology from TR 36.866 and system level assumptions from TR 38.913 and 38.901.
Simulation assumptions for requirements definition
Based on WID two scenarios are suggested for requirements definition:
· Scenario 1: Slot-based transmission and aligned SCS among cells (first priority)
· Scenario 2: Non-slot-based transmission and aligned SCS among cells (second priority)
As for scenario 1, we can consider one of the existing Rel-15 PDSCH requirements for configuration of serving cell PDSCH. For example, we can use the following assumptions: 
· SCS/CBW: 15 kHz / 10 MHz for FDD and 30 kHz / 40 MHz for TDD
· Type A PDSCH mapping with starting symbol 2 and duration 12
· DMRS Type 1 with 1 additional RS
· Number of PDSCH DMRS CDM group(s) without data = 1
· TDD pattern: 7D1S2U, S = 6D+4G+4U
· PDSCH Rank 1, MCS 5 or 13 or 19.
· Channel model: TDL-A, 30 ns, 10 Hz
· Antenna configuration: 2x2 and 2x4 with ULA Low correlation
As for interference PDSCH signal structure the same configuration can be assumed as for serving PDSCH, except Rank and MCS, which can be selected based on proposal 2. In Figure 2 we provide the illustration of PDSCH and DMRS mapping for Scenario 1.
	

	[bookmark: _Ref68181504][bookmark: _Ref68181502]Figure 2. PDSCH and DMRS mapping for Scenario 1


Receiver assumptions for Scenario 1 can be basic MMSE-IRC processing with DMRS based covariance matrix estimation and with estimation granularity in time domain equal to slot.
Proposal 4:	Consider the following simulation assumptions for Scenario 1 requirements: 
· SCS/CBW: 15 kHz / 10 MHz for FDD and 30 kHz / 40 MHz for TDD
· TDD pattern: 7D1S2U, S = 6D+4G+4U
· PDSCH configuration for serving and interference cells
· Type A PDSCH mapping with starting symbol 2 and duration 12
· DMRS Type 1 with 1 additional RS
· Number of PDSCH DMRS CDM group(s) without data = 1
· Serving PDSCH Rank 1, MCS 5 or 13 or 19.
· Channel model: TDL-A, 30 ns, 10 Hz
· Antenna configuration: 2x2 and 2x4 with ULA Low correlation
· Receiver assumptions: MMSE-IRC with DMRS based covariance matrix estimation and without time selective interference handling
As for scenario 2, we can keep the serving PDSCH and DMRS mapping assumptions as for Scenario 1 and change PDSCH and DMRS mapping only for interference signals. We suggest to consider the following scenarios:
· Scenario 2-1: Type A PDSCH mapping with starting symbol 2 and duration 5 for both interference cells
· Scenario 2-2: Type A PDSCH mapping with starting symbol 2 and duration 5 for interference cell #1 and Type B PDSCH mapping with starting symbol 7 and duration 7 for interference cell #2
· Scenario 2-3: Type B PDSCH mapping with starting symbol 4 and duration 7 for both interference cells
In Figure 3 we provide the illustration of PDSCH and DMRS mapping for these scenarios.
	Scenario 2-1


	Scenario 2-2


	Scenario 2-3


	[bookmark: _Ref68182254]Figure 3. PDSCH and DMRS mapping for Scenario 2


As for receiver assumptions for considered scenarios, typical MMSE-IRC with DMRS based covariance matrix estimation and with estimation granularity in time domain equal to slot can be not optimal. 
For example, for scenarios 2-1 and 2-2, UE can estimate covariance matrix on first and second DMRS symbol separately and use covariance matrix from the first DMRS for demodulation of resource elements in the first half of slot and covariance matrix from the second DMRS for demodulation of resource elements in the second half of slot. Performance analysis for such receiver is provided in Section 2.4. We can observe that for some scenarios using of enhanced MMSE-IRC processing allows to achieve up to 2 dB gain in comparison to basic MMSE-IRC processing.
For scenario 2-3, interference signals don’t overlap with any of DMRS symbols. Therefore, data resource elements should be used to estimate the covariance matrix for resource elements overlapped with interference signal and estimation from DMRS can be used for resource elements not overlapped with interference signal.
Proposal 5:	Consider the following simulation assumptions for Scenario 2 requirements: 
· SCS/CBW: 15 kHz / 10 MHz for FDD and 30 kHz / 40 MHz for TDD
· TDD pattern: 7D1S2U, S = 6D+4G+4U
· PDSCH configuration for serving cell
· Type A PDSCH mapping with starting symbol 2 and duration 12
· DMRS Type 1 with 1 additional RS
· Number of PDSCH DMRS CDM group(s) without data = 1
· RMC: Rank 1, MCS 5 or 13 or 19.
· PDSCH configuration for interference cells
· Option 1: Type A PDSCH mapping with starting symbol 2 and duration 5 for both cells
· Option 2: 
· Type A PDSCH mapping with starting symbol 2 and duration 5 for cell #1
· Type B PDSCH mapping with starting symbol 7 and duration 7 for cell #2
· Option 3: Type B PDSCH mapping with starting symbol 4 and duration 7 for both cells
· Channel model: TDL-A, 30 ns, 10 Hz
· Antenna configuration: 2x2 and 2x4 with ULA Low correlation
· Receiver assumptions: 
· Option 1: MMSE-IRC with DMRS based covariance matrix estimation and without time selective interference handling
· Option 2: MMSE-IRC with DMRS based covariance matrix estimation and with time selective interference handling
· Option 3: MMSE-IRC with DMRS and Data based covariance matrix estimation
Initial simulation results
In this section we provide initial simulation results for all considered scenarios and receiver assumptions described in the previous sections.
In Figure 4 we provide the detailed simulation results for Scenario 1. In Table 1 we provide the summary of link level analysis with information about MMSE-IRC performance benefits in comparison to MMSE-MRC.
In Figure 5, Figure 6 and Figure 7 we provide the detailed simulation results for Scenario 2. In Table 2 we provide the summary of link level analysis with information about MMSE-IRC and Enhanced MMSE-IRC performance benefits in comparison to MMSE-MRC.
	Serving PDSCH – QPSK, Rank 1

	Serving PDSCH – 16QAM, Rank 1

	Serving PDSCH – 64QAM, Rank 1


	[bookmark: _Ref68194672]Figure 4. Initial simulation results for Scenario 1



	Serving PDSCH – QPSK, Rank 1

	Serving PDSCH – 16QAM, Rank 1

	Serving PDSCH – 64QAM, Rank 1


	[bookmark: _Ref68194674]Figure 5. Initial simulation results for Scenario 2-1



	Serving PDSCH – QPSK, Rank 1

	Serving PDSCH – 16QAM, Rank 1

	Serving PDSCH – 64QAM, Rank 1


	[bookmark: _Ref68194676]Figure 6. Initial simulation results for Scenario 2-2



	Serving PDSCH – QPSK, Rank 1

	Serving PDSCH – 16QAM, Rank 1

	Serving PDSCH – 64QAM, Rank 1


	[bookmark: _Ref68194677]Figure 7. Initial simulation results for Scenario 2-3



[bookmark: _Ref68194918][bookmark: _Ref68194916]Table 2. Summary of initial analysis for Scenario 1
	
	Gain for 70% of max throughput over MMSE-MRC

	Serving PDSCH configuration
	Rank 1, QPSK
	Rank 1, 16QAM
	Rank 1, 64QAM

	
	3.6 dB
	3.4 dB
	3.4 dB


Observation #1:	MMSE-IRC allows to achieve ~3.5 dB performance benefits in comparison to MMSE-MRC for Scenario 1 with considered simulation assumptions

[bookmark: _Ref68194999]Table 3. Summary of initial analysis for Scenario 2
	
	Gain for 70% of max throughput over MMSE-MRC

	Serving PDSCH configuration
	Rank 1, QPSK
	Rank 1, 16QAM
	Rank 1, 64QAM

	Receiver assumptions
	MMSE-IRC
	E-MMSE-IRC
	MMSE-IRC
	E-MMSE-IRC
	MMSE-IRC
	E-MMSE-IRC

	Scenario 2-1
	2.8
	4.8 (+2.0)
	3.3
	4.1 (+0.8)
	3.5
	3.7 (+0.2)

	Scenario 2-2
	2.7
	4.3 (+1.6)
	3.6
	4.9 (+1.3)
	3.8
	4.7 (+0.9)

	Scenario 2-3
	-0.1
	8.2 (+8.3)
	-0.2
	6.1 (+6.3)
	-0.5
	0.1 (+0.6)


Observation #2:	MMSE-IRC allows to achieve ~3-4 dB performance benefits in comparison to MMSE-MRC for Scenario 2-1 and 2-2 with considered simulation assumptions.
Observation #3:	No MMSE-IRC performance benefits in comparison to MMSE-MRC are observed for Scenario 2-3.
Observation #4:	MMSE-IRC processing with time selective interference handling allows to achieve additional ~1-2 dB performance benefits in comparisons to basic MMSE-IRC processing for Scenario 2-1 and 2-2 with considered simulation assumptions.
Observation #5:	MMSE-IRC processing with time selective interference handling allows to achieve additional ~6-8 dB performance benefits in comparison to MMSE-MRC or basic MMSE-IRC processing for Scenario 2-3 with considered simulation assumptions.
Conclusion
In this paper we provided view on UE requirements for MMSE-IRC receiver for scenario with inter-cell interference and made the following proposals and observations:
Proposal 1:	Define CQI reporting requirements for MMSE-IRC receiver for scenario with inter-cell interference.
Proposal 2:	Use the following LTE NAICS assumptions for interference modelling for initial alignment of NR MMSE-IRC performance: 
· Explicit modelling of 2 interference cells with INRs 13.91 and 3.34 dB or 7.77 and 2.29 dB
· Interference signal is transmitted in each slot with 16QAM randomly modulated symbols and with random rank (Rank 1 – 80% and Rank 2 – 20 %)
Proposal 3:	Analyse the SINR and INRs distributions for “Urban macro” NR scenarios using methodology from TR 36.866 and system level assumptions from TR 38.913 and 38.901.
Proposal 4:	Consider the following simulation assumptions for Scenario 1 requirements: 
· SCS/CBW: 15 kHz / 10 MHz for FDD and 30 kHz / 40 MHz for TDD
· TDD pattern: 7D1S2U, S = 6D+4G+4U
· PDSCH configuration for serving and interference cells
· Type A PDSCH mapping with starting symbol 2 and duration 12
· DMRS Type 1 with 1 additional RS
· Number of PDSCH DMRS CDM group(s) without data = 1
· Serving PDSCH Rank 1, MCS 5 or 13 or 19.
· Channel model: TDL-A, 30 ns, 10 Hz
· Antenna configuration: 2x2 and 2x4 with ULA Low correlation
· Receiver assumptions: MMSE-IRC with DMRS based covariance matrix estimation and without time selective interference handling
Proposal 5:	Consider the following simulation assumptions for Scenario 2 requirements: 
· SCS/CBW: 15 kHz / 10 MHz for FDD and 30 kHz / 40 MHz for TDD
· TDD pattern: 7D1S2U, S = 6D+4G+4U
· PDSCH configuration for serving cell
· Type A PDSCH mapping with starting symbol 2 and duration 12
· DMRS Type 1 with 1 additional RS
· Number of PDSCH DMRS CDM group(s) without data = 1
· RMC: Rank 1, MCS 5 or 13 or 19.
· PDSCH configuration for interference cells
· Option 1: Type A PDSCH mapping with starting symbol 2 and duration 5 for both cells
· Option 2: 
· Type A PDSCH mapping with starting symbol 2 and duration 5 for cell #1
· Type B PDSCH mapping with starting symbol 7 and duration 7 for cell #2
· Option 3: Type B PDSCH mapping with starting symbol 4 and duration 7 for both cells
· Channel model: TDL-A, 30 ns, 10 Hz
· Antenna configuration: 2x2 and 2x4 with ULA Low correlation
· Receiver assumptions: 
· Option 1: MMSE-IRC with DMRS based covariance matrix estimation and without time selective interference handling
· Option 2: MMSE-IRC with DMRS based covariance matrix estimation and with time selective interference handling
· Option 3: MMSE-IRC with DMRS and Data based covariance matrix estimation
Observation #1:	MMSE-IRC allows to achieve ~3.5 dB performance benefits in comparison to MMSE-MRC for Scenario 1 with considered simulation assumptions
Observation #2:	MMSE-IRC allows to achieve ~3-4 dB performance benefits in comparison to MMSE-MRC for Scenario 2-1 and 2-2 with considered simulation assumptions.
Observation #3:	No MMSE-IRC performance benefits in comparison to MMSE-MRC are observed for Scenario 2-3.
Observation #4:	MMSE-IRC processing with time selective interference handling allows to achieve additional ~1-2 dB performance benefits in comparisons to basic MMSE-IRC processing for Scenario 2-1 and 2-2 with considered simulation assumptions.
Observation #5:	MMSE-IRC processing with time selective interference handling allows to achieve additional ~6-8 dB performance benefits in comparison to MMSE-MRC or basic MMSE-IRC processing for Scenario 2-3 with considered simulation assumptions.
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