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Introduction
In this TP we propose the structure for Interference model description for the NR UE enhanced performance requirements for PDSCH demodulation under intercell interference. This will be part of the Annex B of the 38.101-4 technical specifications.
Nokia was allocated the CR for section “Annex B: Interference modelling assumptions” of the topic “MMSE-IRC receiver for inter-cell interference – Demodulation requirements” in the agreement of the work split [R4-2120738][ R4-2120707]:
	Topic
	Section
	Company

	MMSE-IRC receiver for inter-cell interference – Demodulation requirements
	General and applicability section
	Apple

	
	PDSCH requirements - FDD
	Apple

	
	PDSCH requirements - TDD
	CMCC

	
	Annex B: Interference modelling assumptions
	Nokia




Remarks and observations
While defining the interference model in this TP, we assume that the corresponding requirements will be described similar to those described for LTE in section 8.3.1 of TS 36.101 [1]. Specifically, it is assumed that tables similar to one below will be defined in the main requirement section, which include INR values for each interfering cell, time frequency offset of interfering cells, SSBs, CSI-RS and other relevant channels resource allocation (see markings in below table). It is assumed that a reference measurement channel in annex A will also be referred to for the serving cell. Lastly, the table defining the performance requirement will include propagation conditions and antenna configuration for interference cells as in LTE
It is assumed that reference measurement channel of serving cell, INR values for each interfering cell, time and frequency offset of interfering cell, SSB, CSI-RS and other relevant channels of serving and interfering cell, propagation conditions and antenna configuration of serving cell are captured in the main requirements section, like it was done in LTE.
TS 36.101 Table 8.3.1.1C-1: Test Parameters for Testing CDM-multiplexed DM RS (Single-layer) with TM9 interference model
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	Downlink power allocation
	
	dB
	0
	0
	0

	
	 
	dB
	0 (Note 1)
	0
	0

	
	s
	dB
	-3
	-3
	-3

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1

	[image: ]at antenna port
	dBm/15kHz
	-98

	
	dB
	N/A
	13.91
	3.34

	BWChannel
	MHz
	10
	10
	10

	Cyclic Prefix
	
	Normal
	Normal
	Normal

	Cell Id
	
	0
	1
	6

	Number of control OFDM symbols
	
	3
	3
	3

	CFI indicated in PCFICH
	
	3
	 3
	 3

	PDSCH transmission mode
	
	9
	9
	9

	Interference model
	
	N/A
	As specified in clause B.6.4
	As specified in clause B.6.4

	Precoding
	
	Random wideband precoding per TTI
	As specified in clause B.6.4
	As specified in clause B.6.4

	CSI reference signals
	
	Antenna ports 15, 16, 17, 18
	Antenna ports 15, 16
	Antenna ports 15, 16

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	Subframes
	10 / 1
	10 / 1
	10 / 1

	CSI reference signal configuration
	
	5
	6
	7

	Zero-power CSI-RS configuration
ICSI-RS /ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	6 /
1000000000000000
	6 /
0100000000000000
	6 /
0010000000000000

	Time offset to cell 1
	us
	N/A
	2
	3

	Frequency offset to cell 1
	Hz
	N/A
	200
	300

	MBSFN
	
	Not configured
	Not configured
	Not configured

	NeighCellsInfo-r12
(Note 4)
	p-aList-r12
	
	N/A
	{dB-6, dB-3, dB0}
	{dB-6, dB-3, dB0}

	
	transmissionModeList-r12
	
	N/A
	{2,3,4,8,9}
	{2,3,4,8,9}



TS 36.101 Table 8.3.1.1C-2: Minimum Performance for Enhanced Performance Requirement Type B, CDM-multiplexed DM RS with TM9 interference model
	Test Number
	Reference Channel 
	OCNG Pattern
	Propagation Conditions
	Correlation Matrix and Antenna Configuration 
	Reference Value
	UE Category

	
	
	Cell 1
	Cell 2
	Cell 3
	Cell 1
	Cell 2
	Cell 3
	Cell 1
	Cell 2
	Cell 3
	Fraction of Maximum Throughput (%)
	SNR (dB) (Note 2)
	

	1
	R.69 FDD
	OP.1 FDD
	N/A
	N/A
	EPA5
	EPA5
	EPA5
	4x2 Low
	2x2 Low
	2x2 Low
	85
	18.5
	≥1

	Note 1:	The propagation conditions for Cell 1, Cell 2 and Cell 3 are statistically independent.
Note 2:	SNR corresponds to  of Cell 1 as defined in clause 8.1.1.



Discuss among the companies with CR responsibly, what information is captured in which section/table. We currently assume that, at least, the interference related parameters captured in TS36.101 section 8 tables of LTE will also be included in NR (in an adapted version).
Note: TS 36.101 Table 8.3.1.1C-1 and Table 8.3.1.1C-2 are found in the section for LTE Enhanced Performance Requirements Type B. The TP in here refers to MMSE-IRC receiver requirements, i.e., LTE Enhanced Performance Requirements Type A and Type B. We choose to use the above Type B tables for illustration, as they already cover the INR methodology that was agreed to be used in NR MMSE-IRC interference modelling.

The LTE tables use to define the interference profile of interfering cells. This value is equal to the INR value in the case where there are no non-dominant interference cells.
Change  to INR in parameter table and add a new row with number of non-dominant interferers while defining the NR tables.

Furthermore, we observe that the LTE interference model (for enhanced requirements Type A) references the usage of a “generic beamforming model […] applied to the CSI-RS”. To the best of our knowledge, the usage of such a beamforming model for MMSE-IRC requirements was not discussed in NR yet.
Discuss the usage of a generic beamforming model.

The LTE interference model has used several UEs with different resource allocation to create the dominant interference cell(s). To the best of our knowledge, the questions of how many interfering UEs and their PRB allocation was not discussed in NR yet.
Discuss the usage of separate interfering UEs along with PRB allocation in interference modelling. We assumed a single UE with full CBW PRB allocation in drafting the TP.
Note: In NR we agreed that the interfering cells all use 16 QAM modulation, hence the replication of the MCS probability modelling from LTE is not necessary.

The NR interference model for interfering cells PDSCH randomization can either be defined on slot basis or on TDRA (time domain resource allocation) basis; previously the term TTI was used in LTE.
Discuss among the companies with CR responsibly, if ‘slot’ or ‘TDRA’ should be used, while defining the interference model randomization.

Lastly, the LTE interference model filled the unallocated RE’s in the control symbols with STBC precoded random QPSK symbols. For NR we think it is most in line with the LTE intention to fill the unallocated RE’s in PDCCH region with randomly precoded QPSK modulated symbols. The codebook to be used here is TBD.
NR interference model to have unallocated RE’s in control region filled with QPSK randomly modulated symbols with random precoding for the number of antenna ports in the requirement scenario. The codebook is TBD.

Text proposal for annex B.X of TS 38.101-4
This text proposal is heavily based on TS 36.101 B.5.
>>> Start of text proposal <<<
B.X	Interference model for enhanced performance requirements[, scenario 1]
[bookmark: _Toc518733337]B.X.1	Interference to Noise ratio (INR)
Each interfering cell involved in enhanced performance requirements characterized by its associated dominant interferer to noise ratio (INR) value:

where is  is the average received power spectral density from the i-th strongest interfering cell involved in the requirement scenario (is assumed to be the power spectral density associated with the serving cell) and  
where 
 is the average power spectral density of a white noise source consistent with definition provided in section [4.4.3/4.5.3].
 is the total number of cells involved in a given requirement scenario.
 is the number of dominant interferer cells involved in a given requirement scenario.
In the case of , the  and INR values are the same for dominant interferers.

B.X.2	Random interference model
This subclause presents the interference model for which defines the resource allocation, MCS and rank of the 1st and 2nd (if present) interfering cells.
Each interfering cell has full PDSCH allocation on all slots where serving cell has PDSCH grant. Each interfering cell PDSCH will be allocated to a single user over all the PRBs in the allocated bandwidth of the reference measurement channel off the serving cell. Each interfering cell has 80% DTX probability. [Interfering cell users resource allocation is as shown in Table B.X.2-1.] The rank and MCS probabilities of the interfering cell user are shown in Table B.X.2-2.
Editor’s note: A resource allocation table as shown below can be added if resource allocation for more than 1 user is to be defined for interfering cells. However, for single user full PRB allocation, this kind of table is not necessary.
Table B.X.2-1 Resource allocation for the random interference model
	User Index
	Resource allocation for random interference model

	
	Resource allocation type
	Bitmap for resource allocation (Note 1)

	
	
	1st field bitmap
	2nd field bitmap
	3rd field bitmap

	User 0
	1
	00
	0
	10101000101010

	
	
	
	
	



[bookmark: _Ref414015896]Table B.X.2-2 Rank configuration for the random interference model
	MCS
	Rank probability

	[MCS16]
	
	Rank 1
	Rank 2

	[100%]
	
	70%
	30%

	Note 1:	The MCS and rank should follow the probability indicated in the table randomly per UE per [slot/TDRA].
Note 2:	The probabilities for MCS and rank are used for both 1st and 2nd interfering cells. The MCS and  rank configurations are independent for each interfering cell.



B.X.3	Interference model for enhanced performance requirements, synchronous deployment
This subclause provides synchronous deployment interference model for each explicitly modelled interfering cell in the requirement scenario. In each subframe, each interfering cell shall transmit randomly modulated data over the PDSCH region as specified in subclause [B.x.2]. Transmitted physical channels shall include PSS, SSS, PBCH and TRS/CSI-RS.
Transmission rank of the interfering cell shall be randomly determined with probabilities as defined in [B.X.2].
The MCS shall be randomly determined with probabilities of occurrence of each possible MCS as specified in subclause [B.X.2].
For each slot/TDRA, for each user defined in B.X.2, a single precoding matrix for the number of layers  associated to the selected rank shall be selected randomly from Table 5.2.2.2.1-5 to Table 5.2.2.2.1-6 of TS 38.214 with PRB bundling granularity with PRB bundling size of 2.
[The generic beamforming model in subclause B.x.x shall be applied assuming CSI reference signals as specified in the requirement scenario.]
Random precoding with selected rank and precoding matrices for each slot/TDRA shall be applied to randomly modulated layer symbols including the demodulation reference symbols over antenna port 1000 when the rank is one and antenna ports 1000, 1001 when the rank is two. DM-RS type 1 with front loaded single symbol and one additional DM-RS position with FDM applied between DM-RS and data (number of CDM groups without data is 1)
[For each slot/TDRA, for each user defined in B.X.2, the scrambling ID value nSCID is randomly assigned from the set of {0,1}.]
[For unallocated REs in the control region, random precoding for the number of antenna ports in the requirement scenario shall be applied to QPSK randomly modulated symbols.]

>>> End of text proposal <<<
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