Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk487029736]3GPP TSG-RAN WG4 Meeting #99-e	R4-2109993
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Electronic Meeting, 19 May – 27 May 2021

Agenda Item:	9.11.2.1
Source:	Ericsson
Title:	Remaining issues on MMSE-IRC receiver for inter-cell interference
Document for:	Discussion
1	Introduction
In last meeting, RAN4 had discussed UE demodulation requirements of MMSE-IRC receiver for suppressing inter-cell interference. The agreed WF for PDSCH demodulation requirements for inter-cell interference MMSE-IRC[1] is shown as follow. 
	Common test parameters
· Network type
· Synchronized for FDD and TDD
· FFS asynchronized for FDD
· Physical cell ID
· Physical cell ID of 0 for the serving cell, and cell ID i for interferer i (where i ≥ 1, maximum number of i is FFS) 
· SCS
· FDD 15kHz, TDD 30kHz (Same SCS is used for the target and the interference cells)
· Channel bandwidth
· Use 10MHz for FDD 15kHz and 40MHz for TDD 30kHz for initial simulation purpose:
· Other options are not precluded
· Option 1: In addition, consider 50 MHz for FDD 15kHz and 100 MHz for TDD 30kHz 
· Option 2: In addition, consider 40 MHz for FDD 15kHz and 100 MHz for TDD 30kHz 
· TDD DL/UL configuration for 30kHz SCS
· 7D1S2U(S=6D+4G+4U) 
· Number of carriers 
· In Rel-17, MMSE-IRC receiver performance requirements with interference cell condition is defined only for single carrier scenario
· PDCCH and PDSCH allocation in time domain
· Use symbols #0 and #1 of each slot for PDCCH
· PDSCH mapping type A, Start symbol 2, Duration 12
· PDSCH allocation in frequency domain: Full PRB
· SSB, TRS/CSI-RS configuration 
· Configure SSB with different locations and no PDSCH scheduled in SSB slots considering limited number of SSB transmitted
· FFS for HeNet scenario if introduced 
· SSB Position in burst is FFS
· Further evaluate the performance difference among following options for TRS/CSI-RS
· TRS/CSI-RS colliding with TRS/CSI-RS interference
· TRS/CSI-RS colliding with data interference
· TRS/CSI-RS with interference free
· Reuse same config for TRS/ CSI-RS as Table 5.2-1
· DMRS configuration
· For both serving and interfering cells, DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data (number of CDM groups without data is equal to 1), i.e., overlapped DMRS between target and interferer
· Propagation condition
· Use TDLA30-10 and for initial simulation purpose
· Other options are not precluded
· Option 1: TDLC300-100 
· Antenna configuration
· 2 Tx as baseline for serving cell and interfering cells 
· UE with 2 and 4 RX
· ULA low correlation as baseline
Target PDSCH parameters for scenario 1
· Transmission rank
· Use rank 1 as baseline
· MCS
· Use MCS 4 (QPSK, CR=0.3) and MCS 13 (16QAM, CR=0.5) for initial simulation purpose 
· Further discuss MCS for requirements definition 
· Consider MCS corresponding to QPSK and 16QAM modulation formats
· Precoding model
· Use Single Panel Type I and Random precoder selection for initial simulation purpose
· Follow PMI is not precluded.
· PRB bundle size
· Set PRB bundle size as 2 for target PDSCH
· HARQ process number
· 4 for FDD 15kHz SCS and 8 for TDD 30kHz SCS as baseline 
· Performance measurement point
· SINR at 70% TP for initial simulation purpose 
· Using of SNR at 70% TP is not precluded
Interference model for scenario 1 
· Interference profile
· Using DIP approach for interference profile definition for initial simulation purpose 
· Interference profiles from LTE MMSE-IRC can be used for initial simulation 
· Further decide the exact DIP value(s) and interference cell number based on simulation results.
· FFS whether HetNet scenario need to be considered 
· The interference profile from LTE NAICS can be used for initial simulation purpose under this scenario 
· Other interference profiles not precluded with the consideration of NR deployment scenario pending on further discussion
· Companies are encouraged to bring evaluation for the analysis of performance gain with MMSE-IRC receiver over MMSE receiver under the same inter-cell interference 
· Transmission rank of interfering PDSCH
· Use the following assumptions initial simulation purpose: random rank with 70% and 30% probability for rank 1 and rank 2 transmission in the interfering cell(s)
· Precoding of interfering PDSCH
· Random precoding with single panel type I codebook per slot and per PRB bundling granularity, with PRB bundling size of 2.
· Modulation order of interfering PDSCH
· Use 16QAM randomly modulated symbols for initial simulation assumption and other options not precluded.
Reference receiver
· Interference covariance estimation granularity
· Interference covariance estimation granularity is up to UE implementation
· Further check the results and if needed per PRB bundle size or per PRB and per slot basis can be considered as possible options for simulation
Release independence
· Further discuss whether the UE demodulation and CQI reporting requirements with inter-cell interference is release independent from Rel-15 or not


The agreed WF for CQI reporting requirements for inter-cell interference MMSE-IRC[2] is shown as follow.
	Issue 1: Whether to define CQI reporting requirements with inter-cell interference scenario 
· Option 1: Yes
· Option 2: Need further discussion
Issue 2: Interference covariance estimation granularity for CQI reporting 
· Option 1: the interference covariance can be estimated and averaged among multiple PRBs, and the exact PRB number for interference covariance averaging needs further discussion
· Option 2: Up to UE implementation
· For information: if we follow the agreements in UE demodulation requirements, interference covariance estimation granularity up to UE implementation
· Interested companies can further check the results for per PRB bundle size or per PRB and per slot basis
Issue 3: Interference model for CQI reporting
· Option 1: As the starting point, model one inter-cell interferer with DIP of -0.41dB and static propagation condition
· Option 2: Align with assumptions for demodulation requirements
Issue 4: Test metric for CQI reporting
· Option 1: Reuse the LTE test metric as a starting point, which includes:
· 1) the relative increase of the throughput obtained when the transport format is that indicated by the reported CQI subject to an interference model compared to the case with a white Gaussian noise model, and
· 2) 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%.
· Option 2: Need further discussion
· For static condition, test metric 2) in Option 1 may not work. In LTE, these requirements were defined for fading conditions where this may make more sense.


In this contribution, we will continue to discuss the remaining issues on MMSE-IRC receiver for suppressing inter-cell interference.
2	Common test parameters
Network Type
We suggest RAN4 to prioritize the synchronized network configuration for both FDD and TDD. According to the real network deployment scenario, RAN4 will discuss whether to assume the asynchronous network scenario (i.e, timing offset and/or frequency shift) for FDD after RAN4 stabilizes the simulation setup. 
[bookmark: _Ref71536265][bookmark: _Ref70863712]Proposal 1: RAN4 to consider synchronized network configuration for both FDD and TDD for alignment, but RAN4 will discuss the asynchronous network configuration (i.e., time offset and/or frequency shift) for FDD after RAN4 stabilizes the test setup. 
Channel bandwidth
In Rel-15, 16, RAN4 defined test case based on 10MHz for FDD SCS=15kHz and 40MHz for TDD SCS=30kHz for single carrier which are supported by most NR bands. From TS 38.101-1 RF core specification, it is possible to support FDD 40/50MHz and TDD 100MHz, but there are less RF bands supporting such a wider channel bandwidth compared with FDD 10MHz and TDD 40MHz. Meanwhile, from evaluating MMSE-IRC performance’s perspective, it doesn’t bring more information to test more BWs for verifying UE’s performance. Thus, we suggest RAN4 to reuse the same channel bandwidth configuration as legacy Rel-15, 16 test case.
[bookmark: _Ref70863717]Proposal 2: RAN4 only consider 10MHz for FDD 15kHz and 40MHz for TDD 30kHz.
SSB configuration
Considering the real network deployment scenario, it’s highly to configure multiple SSBs in the same time domain occasions between serving cells and inter-cells. We propose to apply the same SSB configuration (SSB index 0, slot #0 with periodicity 20 ms) for interfering inter-cells as legacy Rel-15 test case. In addition, considering good cross-correlation character for SSB, UE can still have acceptable time/frequency tracking performance even if the SSBs from inter-cells are fully collided with the serving cells.    
[bookmark: _Ref70863721]Proposal 3: RAN4 consider the same SSB configuration (SSB index 0, slot #0 with periodicity 20 ms) for interfering inter-cells.
TRS/CSI-RS configuration
As we mentioned in last meeting, from real NW deployment, NW will align the DMRS and TRS/CSI-RS configuration among cells, to minimize the interference between PDSCH and DMRS/TRS/CSI-RS. We propose to evaluate the MMSE-IRC performance based on this typical TRS/CSI-RS configuration.
[bookmark: _Ref71535999]Proposal 4: RAN4 consider the same TRS/CSI-RS configuration for interfering inter-cells.
Propagation condition
In last meeting, we proposed to evaluate the performance for both TDLA30-10 and TDLC300-100. Considering the test case burden, it is suggested to test some cases for TDLA30-10 and others for TDLC300-100.
[bookmark: _Ref70863725]Proposal 5: RAN4 to define the test cases for both TDLA30-10 and TDLC300-100, but the overall number of test cases won’t be increased.
3	PDSCH parameters
MCS
In our understanding, inter-cell interference becomes dominant when UE is located on the cell-edge, and in such a condition, we expect gNB will schedule low MCS/rank because of lower geometry. In last WF, it agreed to use MCS4 (QPSK, CR=0.33) or MCS13 (16QAM, CR=0.5) for initial simulation purpose. We therefore propose to firstly consider both MCS4 (QPSK, CR=0.33) or MCS13 (16QAM, CR=0.5) for requirement definition. Whether RAN4 will down select the MCS depends on companies’ simulation results.
[bookmark: _Ref70863728]Proposal 6: Whether RAN4 will down select the MCS depends on companies’ simulation results.
Precoding model
In last meeting, RAN4 agreed to use Single Panel Type I and random precoder selection for initial simulation purpose, but some companies think follow PMI may also need to be considered. From our perspective, UE may report the inaccurate PMI because CSI-RS is also interfered by inter-cells. This means the condition is similar as random precoder. We would like to follow the same method as other UE demodulation requirements to only use random precoder to define the requirement. However, in LTE, several test cases for follow PMI are also defined. Thus, we suggest RAN4 to further consider whether to define test cases for PMI reporting and FFS whether to define test cases for follow PMI.
[bookmark: _Ref70863735]Proposal 7: RAN4 prioritize the random PMI to define the MMSE-IRC inter-cells’ requirement, but FFS follow PMI.
[bookmark: _Ref71536228]Proposal 8: RAN4 to consider also defining the PMI reporting tests for MMSE-IRC inter-cells’ requirement.  
Performance measurement point
In last meeting, most companies support to reuse the SINR at 70% throughput to evaluate the performance similar as legacy LTE IRC. We think it’s straightforward to reuse the SINR definition from LTE where the noise term (denominator) is a sum of all the signals from other cell(s) and white noise. 
[bookmark: _Ref71536231]Proposal 9: RAN4 defines the MMSE-IRC for suppressing inter-cells’ interference requirements based on SINR. The SINR definition is shown as follows and will be captured in TS38.101-4 Clause 4.4.2. 
	
Where  is the averaged received energy per Hz of the wanted signal during the useful part of the symbol, i.e. excluding the cyclic prefix, at the j-th UE receiver antenna connector ; average power is computed within a set of REs used for the transmission of physical, divided transmission bandwidth within the set.
And  is the power spectral density (average power per RE normalised to the subcarrier spacing) of the summation of the received power spectral densities of the strongest interfering cells explicitly defined in a test procedure plus , as measured at the j-th UE receiver antenna connector. The respective power spectral density of each interfering cell relative to  is defined by its associated DIP value, or the respective power spectral density of each interfering cell relative to  is defined by its associated Es/Noc value. 


4	Interference model
In last meeting, some companies suggest considering heterogenous scenario in which multiple SSBs can interfere the serving cell. However, each SSB only occupies 4 OFDM symbols with 20PRBs. We don’t think substitute the interference from neighboring SSBs to serving cell PDSCH in such bandwidth will bring significant performance difference for MMSE-IRC receiver. Thus, considering the reasonable workload, we suggest to only focus on Homogeneous interference model.
[bookmark: _Ref70863739]Proposal 10: RAN4 only focus on homogeneous interference model with Rel-11 LTE DIP settings.      
5	Simulation Results
As we discussed above, we have the MMSE-IRC for suppressing inter-cells’ interference performance simulation results based on the following simulation parameters.
	Parameters
	Serving cell FDD
	Serving cell TDD
	Interferer cell(s)

	Network scenario
	Sync.

	Number of carriers
	single carrier 

	Carrier frequency
	[2 GHz]
	[4GHz]
	

	PDSCH allocation in frequency domain
	Full PRB

	Physical cell ID
	0
	0
	1

	Active DL BWP index
	1
	1
	N/A

	Channel bandwidth

	10MHz 
	40MHz 
	

	TDD configuration
	N/A
	7DS2U,
S=6D+4G+4U
	7DS2U,
S=6D+4G+4U 

	SCS
	15kHz
	30kHz
	

	PDCCH allocation in time domain

	symbols #0 and #1 of each slot for PDCCH
	symbols #0 and #1 of each slot for PDCCH
	symbols #0 and #1 of each slot for PDCCH

	SSB configuration
	SSB index #0
	SSB index #0
	SSB index #0

	TRS configuration
	k0=0 for CSI-RS resource 1,2,3,4
l0 = 6 for CSI-RS resource 1 and 3
l0 = 10 for CSI-RS resource 2 and 4
Density 3, 1 port
FDD: Periodicity 20 slots; Offset 10 for CSI-RS resource 1 and 2; 11 for CSI-RS resource 3 and 4
TDD: Periodicity 40 slots; Offset 20 for CSI-RS resource 1 and 2; 21 for CSI-RS resource 3 and 4
	Same as Serving cell



	PDSCH configuration
	Type A, Start symbol 2, Duration 12​
	Type A, Start symbol 2, Duration 12​

	PRB bundling size for target PDSCH 
	2
	2

	PDSCH DMRS configuration
	Type 1, 1+1
	Type 1, 1+1

	Scheduling with data multiplexed on the DMRS symbols
	One single symbol front loaded and 1 additional DMRS
	One single symbol front loaded and 1 additional DMRS

	MCS
	MCS 4 (QPSK, CR=0.3)
MCS 13 (16QAM, CR=0.5)
	16QAM

	Rank
	1
	random rank with 70% and 30% probability for rank 1 and rank 2 transmission in the interfering cell(s)


	PDSCH precoder
	Random precoding with single panel type I codebook per slot and per PRB bundling granularity, with PRB bundling size of 2.

	Antenna configuration
	2x2, 2x4

	Antenna Correlation
	ULA Low

	Propagation condition
	TDLA30-10 and TDLC300-100

	Time Offset relative to serving cell
	0 us

	Metric 
	SINR to achieve 70% of maximum throughput


	Number of HARQ Processes
	4
	8
	N/A

	Maximum HARQ transmission
	4
	N/A



	DIP scenario
	DIP (dB) of cell 2
	DIP (dB) of cell 3
	SNR (dB) for cell 2
	SNR (dB) for cell 3
	Serving cell SNR(dB)

	Scenario 1
	-2.23 
	-8.06
	3.86
	-1.99
	[-6:20]

	Scenario 2
	-2.23
	N/A (-Inf)
	1.73
	N/A (-Inf)
	[-6:20]

	Scenario 3
	-1.73
	-8.66
	5.43
	-1.50
	[-6:20]

	Scenario 4
	-1.73
	N/A (-Inf)
	3.10
	N/A (-Inf)
	[-6:20]


The simulation results to be updated.
6	CQI reporting
In LTE, RAN4 has defined CQI reporting tests under fading condition assuming neighboring cell, where the tests verify two metrics:
· Ratio of throughput with the followed CQI with neighboring cell interference condition and the throughput with the followed CQI only with white Gaussian noise source condition. 
· PDSCH BLER when measuring the throughput with neighboring cell interference. 
From the network deployment point of view, it is beneficial to ensure the CQI reporting performance under the neighboring cell interference environment, especially the case CSI-RS from the neighboring cell is collided with the CSI-RS from the serving cell. Thus, RAN4 shall define the CSI reporting tests similar as legacy LTE.
[bookmark: _Ref70863743]Proposal 11: RAN4 to define the CSI reporting tests with neighboring cell(s) interference condition. 
7	Release independent
The objective of WI also discusses whether the UE requirements are release independent from Rel-15. We propose to discuss these issues after RAN4 agree with the simulation setup for PDSCH demodulation requirements (and CQI reporting tests) with MMSE-IRC receiver suppressing inter-cell interference. 
[bookmark: _Ref70863757]Proposal 12: RAN4 discuss whether the UE demodulation and CQI reporting requirements with inter-cell interference is released independent from Rel-15 or not, after RAN4 agree with the detailed simulation assumption.
8	Summary
In this contribution, we further discuss the remaining issues on UE demodulation requirements of MMSE-IRC receiver for suppressing inter-cell interference and share the initial simulation results for MMSE-IRC receiver.
Proposal 1: RAN4 to consider synchronized network configuration for both FDD and TDD for alignment, but RAN4 will discuss the asynchronous network configuration (i.e., time offset and/or frequency shift) for FDD after RAN4 stabilizes the test setup.
Proposal 2: RAN4 only consider 10MHz for FDD 15kHz and 40MHz for TDD 30kHz.
Proposal 3: RAN4 consider the same SSB configuration (SSB index 0, slot #0 with periodicity 20 ms) for interfering inter-cells.
Proposal 4: RAN4 consider the same TRS/CSI-RS configuration for interfering inter-cells.
Proposal 5: RAN4 to define the test cases for both TDLA30-10 and TDLC300-100, but the overall number of test cases won’t be increased.
Proposal 6: Whether RAN4 will down select the MCS depends on companies’ simulation results.
Proposal 7: RAN4 prioritize the random PMI to define the MMSE-IRC inter-cells’ requirement, but FFS follow PMI.
Proposal 8: RAN4 to consider also defining the PMI reporting tests for MMSE-IRC inter-cells’ requirement.
Proposal 9: RAN4 defines the MMSE-IRC for suppressing inter-cells’ interference requirements based on SINR. The SINR definition is shown as follows and will be captured in TS38.101-4 Clause 4.4.2.
	
Where  is the averaged received energy per Hz of the wanted signal during the useful part of the symbol, i.e. excluding the cyclic prefix, at the j-th UE receiver antenna connector ; average power is computed within a set of REs used for the transmission of physical, divided transmission bandwidth within the set.
And  is the power spectral density (average power per RE normalised to the subcarrier spacing) of the summation of the received power spectral densities of the strongest interfering cells explicitly defined in a test procedure plus , as measured at the j-th UE receiver antenna connector. The respective power spectral density of each interfering cell relative to  is defined by its associated DIP value, or the respective power spectral density of each interfering cell relative to  is defined by its associated Es/Noc value. 


Proposal 10: RAN4 only focus on homogeneous interference model with Rel-11 LTE DIP settings.
Proposal 11: RAN4 to define the CSI reporting tests with neighboring cell(s) interference condition.
Proposal 12: RAN4 discuss whether the UE demodulation and CQI reporting requirements with inter-cell interference is released independent from Rel-15 or not, after RAN4 agree with the detailed simulation assumption. 
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