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1	Introduction
RAN#91-e approved the revision of WI Further enhancement on NR demodulation performance [1], where one of the objectives is the UE demodulation requirements for MMSE-IRC receiver for suppressing inter-cell interference as follows:
	· 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
· Decide if it is feasible that the UE requirements are release independent from Rel-15.



According to the WID, RAN4 will also decide the UE requirements are release independent from Rel-15, if it is feasible. 
In this contribution, we show our view on UE demodulation requirements with inter-cell interference scenario.
2	Modeling of inter-cell interference
RAN4 first need to agree with the inter-cell interference model to align the simulation results, because RAN4 does not model the neighboring cell interference for NR UE demodulation requirements. 
Proposal 1: RAN4 should agree with the inter-cell interference model before discussing the detailed simulation assumption for inter-cell interference scenario.
2.1	Inter-cell interference model
TS36.101 specifies the interference model for LTE enhanced performance requirements Type A, and this is specified per transmission mode e.g., TM3, TM4, TM9. We think we can reuse the same interference model for NR with minor modification. 
Proposal 2: RAN4 defines the interference modes for NR performance enhanced requirements as follows, by reusing LTE interference model. Some values in [] in the texts below may be discussed further. 
	This subclause provides interference modelling for each explicitly modelled interfering cell in the requirement scenario. In each slot, each interfering cell shall transmit randomly modulated data over the entire PDSCH region and the full transmission bandwidth according to the probabilities of occurrence. Transmitted physical channels shall include SS/PBCH block. Probabilities of occurrence in each slot are as specified in the requirement scenario. If the probabilities of occurrence in each slot are not specified in the requirement scenario, as default, they are equal to 1.
For each slot and each [smallest] subband as defined in subclause 5.2.1.4 of TS38.214, a transmission rank shall be randomly determined independently from other subbands as well as other interfering cells. Probabilities of occurrence of each possible transmission rank are as specified in the requirement scenario.
For each slot and each subband, a precoding matrix for the number of layers v associated to the selected rank shall be selected randomly from [single panel type I].
The generic beamforming model in subclause B.4 shall be applied assuming DM-RS and CSI reference signals as specified in the requirement scenario. Random precoding with selected rank and precoding matrices for each slot and each subband shall be applied to [16QAM] randomly modulated layer symbols including the DM-RS over antenna port [1000] when the rank is one and antenna ports [1000/1001] when the rank is two.
For unallocated REs in the CORESET region, precoding of randomly selected from single panel type I, per slot with equal probability of each applicable i1, i2 combination, and with REG bundling granularity for number of Tx larger than 1, shall be applied to QPSK randomly modulated layer symbols.



Unlike LTE, gNB does not need to transmit SSB in the center of channel bandwidth and at the fixed location in time domain. Considering the real network deployment scenario, we propose to apply the same SSB configuration to neighboring cell. However if we assume gNB does not schedule PDSCH in the slots where SSB is transmitted, this assumption should not affect to the UE demodulation performance. 
gNB also transmits CSI reference signals for several purposes such as time/frequency tracking (TRS), RLM/BM, and CSI acquisition. From the network deployment point of view, we usually schedule CSI-RS in the same location in time/frequency domain over the network because it doesn’t require frequency planning, there is no interference to PDSCH from adjacent cells’ CSI-RS, and there is no need to configure ZP CSI-RS to protect PDSCH. Since RAN4 UE demodulation requirements schedule PDSCH in the slots where CSI-RS is transmitted, we propose to configure CSI-RS from the neighboring cell(s) as same as the serving cell. 
Proposal 3: Neighboring cell(s) schedule SSB at the same location as the serving cell.
Proposal 4: Neighboring cell(s) schedule CSI reference signals (for both tracking and CSI acquisition) at the same location as the serving cell.

2.2	Dominant interferer proportion (DIP)
If we assume one or more neighboring cells (interfering cells), we need to specify the receiving signal power from each interference cell and specify their ratio to the white noise. To specify the interfering signal powers from the interfering cells, RAN4 defines dominant interfere proportion (DIP) in LTE, where DIP for i-th cell () is given by the ratio of received signal power from the i-th cell and the sum of total signal power from all the interfering cells plus white noise. We think this model can be reused for the NR UE demodulation requirements for MMSE-IRC suppressing inter-cell interference 
Proposal 5: RAN4 use the dominant interference proportion (DIP) to specify the received signal powers from interfering cells:
	
Where   is the average received power spectral density from the i-th strongest interfering cell involved in the requirement scenario and , where  is the average power spectral density of a white noise source consistent with the definition provided in TS38.101-4 subclause 4.4.3, and  is the total number of cells involved in a given requirement scenario. Note   is assumed to be the power spectral density associated with the serving cell. 



2.3	SINR definition
In Rel-15/16 NR UE demodulation requirements, the requirements are specified with SNR to achieve the criteria such as 30%/70% of maximum throughput or 1% BLER, where SNR is defined in TS38.101-4 as follows:
	
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 of a white noise source with average power per Hz, at the j-th receiver antenna connector, as defined in TS38.101-4 clause 4.4.3 for conducted requirements and Clause 4.5.3 for radiated requirements.



For the NR enhanced performance requirements, the noise term should also include the inter-cell interferences. Therefore, the requirements should be specified with SINR, where the noise term (denominator) is a sum of all the signals from other cell(s) and white noise.  
Proposal 6: RAN4 specify the NR UE demodulation requirements for MMSE-IRC suppressing the inter-cell interference with regard to SINR to achieve 70% of maximum throughput. 
Proposal 7: Define SINR (for FR1) as follows, and capture it 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. 



3	PDSCH performance evaluation
Before discussing the detailed simulation assumption, we think it is important for RAN4 to study the condition that NR MMSE-IRC receiver shows the gain. 
Proposal 8: RAN4 should study first the MMSE-IRC receiver performance with interfering cell(s) whether it shows the gain compared with the case without neighboring interfering cell(s), i.e., AWGN-only scenario.
3.1	Interfering cell parameters
In Rel-11, RAN4 has defined LTE UE demodulation requirements for MMSE-IRC suppressing inter-cell interference, where RAN4 assumed up to two interfering cells. According to TS36.101 V11.25.0, LTE enhanced performance requirement Type A are specified with 4 DIP conditions, as summarized in Table 1. Note the cell 1 is the serving cell, and cells 2 and 3 are the interfering cells.  
[bookmark: _Ref66446884]Table 1	Summary of DIP setting in TS36.101 V11.25.0. 
	DIP scenario
	DIP (dB) of cell 2
	DIP (dB) of cell 3
	SNR (dB) for cell 2
	SNR (dB) for cell 3

	Scenario 1
	-2.23 
	-8.06
	3.86
	-1.99

	Scenario 2
	-2.23
	N/A (-Inf)
	1.73
	N/A (-Inf)

	Scenario 3
	-1.73
	-8.66
	5.43
	-1.50

	Scenario 4
	-1.73
	N/A (-Inf)
	3.10
	N/A (-Inf)



According to WID [1], NR MMSE-IRC receiver requirements is specified for FR1 only. We therefore think the DIP conditions used for LTE can be applicable for NR FR1. 
Proposal 9: Use Rel-11 LTE DIP settings as the starting point, i.e., (DIP Cell 2, DIP Cell 3) = (-2.23, -8.06), (-2.23, -Inf), (-1.73, -8.66), (-1.73, -Inf). 

3.2	PDSCH parameters
According to TS36.101 V16.8.0, LTE enhanced performance requirement Type A is specified for CA scenario. For Rel-17 NR MMSE-IRC receiver requirements, we propose the scope is limited to single cell only, considering the workload. 
Proposal 10: In Rel-17, MMSE-IRC receiver performance requirements with interference cell condition is defined only for single carrier scenario.
In our understanding, inter-cell interference is visible when UE is located on the cell-edge, and in such a condition, we expect gNB will schedule low MCS/rank. We therefore propose to consider MCS4 (QPSK, CR=0.33) or MCS13 (16QAM, CR=0.5) with rank 1 as the starting point. 
Regarding the propagation condition, RAN4 should consider relatively low Doppler condition, such as TDLA30-10 or TDLC300-100.
Proposal 11: For the Rel-17 MMSE-IRC receiver performance evaluation, RAN4 should assume the following parameters as the starting point:
	Parameters
	FDD
	TDD

	CBW
	10MHz (single carrier only)
	40MHz (single carrier only)

	TDD configuration
	N/A
	7DS2U,
S=6D+4G+4U
Schedule PDSCH in special slots

	SCS
	15kHz
	30kHz

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

	PRB bundling size 
	2
	2

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

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

	Rank
	1
	1

	PDSCH precoder
	Single Panel Type I, Random precoder selection updated per slot,
with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity
	Single Panel Type I, Random precoder selection updated per slot,
with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity

	Antenna configuration
	2x2, 2x4
	2x2, 2x4

	Propagation condition
	TDLA30-10
TDLC300-100
	TDLA30-10
TDLC300-100

	DIP
	(DIP1, DIP2) = (-2.23, -8.06)
(DIP1, DIP2) = (-2.23, -Inf)
(DIP1, DIP2) = (-1.73, -8.66)
(DIP1, DIP2) = (-1.73, -Inf)
	(DIP1, DIP2) = (-2.23, -8.06)
(DIP1, DIP2) = (-2.23, -Inf)
(DIP1, DIP2) = (-1.73, -8.66)
(DIP1, DIP2) = (-1.73, -Inf)

	Time Offset relative to serving cell
	0 us
	0 us

	Metric 
	SINR to achieve 70% of maximum throughput
	SINR to achieve 70% of maximum throughput



4	CQI reporting
The objective of WI includes whether to introduce the corresponding CQI reporting requirements. For 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. 
Proposal 12: RAN4 defines the CSI reporting tests with neighboring cell(s) interference condition. 
5	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. 
Proposal 13: 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.
6	Summary
Proposal 1: RAN4 should agree with the inter-cell interference model before discussing the detailed simulation assumption for inter-cell interference scenario.
Proposal 2: RAN4 defines the interference modes for NR performance enhanced requirements as follows, by reusing LTE interference model. Some values in [] in the texts below may be discussed further. 
	This subclause provides interference modelling for each explicitly modelled interfering cell in the requirement scenario. In each slot, each interfering cell shall transmit randomly modulated data over the entire PDSCH region and the full transmission bandwidth according to the probabilities of occurrence. Transmitted physical channels shall include SS/PBCH block. Probabilities of occurrence in each slot are as specified in the requirement scenario. If the probabilities of occurrence in each slot are not specified in the requirement scenario, as default, they are equal to 1.
For each slot and each [smallest] subband as defined in subclause 5.2.1.4 of TS38.214, a transmission rank shall be randomly determined independently from other subbands as well as other interfering cells. Probabilities of occurrence of each possible transmission rank are as specified in the requirement scenario.
For each slot and each subband, a precoding matrix for the number of layers v associated to the selected rank shall be selected randomly from [single panel type I].
The generic beamforming model in subclause B.4 shall be applied assuming DM-RS and CSI reference signals as specified in the requirement scenario. Random precoding with selected rank and precoding matrices for each slot and each subband shall be applied to [16QAM] randomly modulated layer symbols including the DM-RS over antenna port [1000] when the rank is one and antenna ports [1000/1001] when the rank is two.
For unallocated REs in the CORESET region, precoding of randomly selected from single panel type I, per slot with equal probability of each applicable i1, i2 combination, and with REG bundling granularity for number of Tx larger than 1, shall be applied to QPSK randomly modulated layer symbols.



Proposal 3: Neighboring cell(s) schedule SSB at the same location as the serving cell.
Proposal 4: Neighboring cell(s) schedule CSI reference signals (for both tracking and CSI acquisition) at the same location as the serving cell.
Proposal 5: RAN4 use the dominant interference proportion (DIP) to specify the received signal powers from interfering cells:
	
Where   is the average received power spectral density from the i-th strongest interfering cell involved in the requirement scenario and , where  is the average power spectral density of a white noise source consistent with the definition provided in TS38.101-4 subclause 4.4.3, and  is the total number of cells involved in a given requirement scenario. Note   is assumed to be the power spectral density associated with the serving cell. 



Proposal 6: RAN4 specify the NR UE demodulation requirements for MMSE-IRC suppressing the inter-cell interference with regard to SINR to achieve 70% of maximum throughput. 
Proposal 7: Define SINR (for FR1) as follows, and capture it 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 8: RAN4 should study first the MMSE-IRC receiver performance with interfering cell(s) whether it shows the gain compared with the case without neighboring interfering cell(s), i.e., AWGN-only scenario.
Proposal 9: Use Rel-11 LTE DIP settings as the starting point, i.e., (DIP Cell 2, DIP Cell 3) = (-2.23, -8.06), (-2.23, -Inf), (-1.73, -8.66), (-1.73, -Inf). 
Proposal 10: In Rel-17, MMSE-IRC receiver performance requirements with interference cell condition is defined only for single carrier scenario.
Proposal 11: For the Rel-17 MMSE-IRC receiver performance evaluation, RAN4 should assume the following parameters as the starting point:
	Parameters
	FDD
	TDD

	CBW
	10MHz (single carrier only)
	40MHz (single carrier only)

	TDD configuration
	N/A
	7DS2U,
S=6D+4G+4U
Schedule PDSCH in special slots

	SCS
	15kHz
	30kHz

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

	PRB bundling size 
	2
	2

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

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

	Rank
	1
	1

	PDSCH precoder
	Single Panel Type I, Random precoder selection updated per slot,
with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity
	Single Panel Type I, Random precoder selection updated per slot,
with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity

	Antenna configuration
	2x2, 2x4
	2x2, 2x4

	Propagation condition
	TDLA30-10
TDLC300-100
	TDLA30-10
TDLC300-100

	DIP
	(DIP1, DIP2) = (-2.23, -8.06)
(DIP1, DIP2) = (-2.23, -Inf)
(DIP1, DIP2) = (-1.73, -8.66)
(DIP1, DIP2) = (-1.73, -Inf)
	(DIP1, DIP2) = (-2.23, -8.06)
(DIP1, DIP2) = (-2.23, -Inf)
(DIP1, DIP2) = (-1.73, -8.66)
(DIP1, DIP2) = (-1.73, -Inf)

	Time Offset relative to serving cell
	0 us
	0 us

	Metric 
	SINR to achieve 70% of maximum throughput
	SINR to achieve 70% of maximum throughput



Proposal 12: RAN4 defines the CSI reporting tests with neighboring cell(s) interference condition. 
Proposal 13: 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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