[bookmark: _Toc193024528][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #99-e	R4-2110570
Electronic Meeting,  May. 19th – 27th, 2021

Title: 	Discussion on Intel-cell MMSE-IRC
Source: 	Huawei, HiSilicon
Agenda item:	9.11.2.1
Document for:	Discussion
Background
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN4 98bis-e, the parameters for inter-cell MMSE-IRC were discussed. The agreements are as follows:
· 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
· 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 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.





























In this paper, the Intel-cell MMSE-IRC will be studied and discussed.








· Modulation order of interfering PDSCH
· Use 16QAM randomly modulated symbols for initial simulation assumption and other options not precluded.
· 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
· Further discuss whether the UE demodulation and CQI reporting requirements with inter-cell interference is release independent from Rel-15 or not









In this paper, the remained open issues will be discussed and views will be provided.
Discussion 
Common test parameters:
Network type:
From UE’s implementation perspective, there is no difference between synchronized network and asynchronized network. We prefer to only consider the synchronized network for both of FDD and TDD. 
Proposal 1: Only consider synchronized for FDD and TDD.

Number of interference cells:
For MMSE-IRC receiver, the number of interference cells does not cause implementation differences. We are open to the number of interference cells. 

Channel bandwidth:
For channel bandwidth, as the target frequency range is FR1, we propose to only consider the commonly used bandwidth and SCS: 10 MHz for FDD 15 kHz and 40 MHz for TDD 30 kHz.
Proposal 2: We propose to only define the requirements for 10 MHz/15 kHz for FDD and 40 MHz/30 kHz MHz for TDD.

Propagation condition:
The inter-cell interference mainly affect the cell-edge users, thus, we prefer to consider the channel model with a good condition: TDLA30-10.
Proposal 3: Only consider TDLA30-10 for simulation.

Interference model for scenario 1:
Interference profile:
For the interference profile, two methodologies were mentioned: INR and DIP. In this section, these two methodologies are analysed and discussed:
INR methodology:
The INR means the ratio of received power spectral density I over, where

Here:
: The received power spectral density of serving cell.
: The received power spectral density of the (j - 1)th dominant interfering cells.

: The power spectral density of thermal noise.
M: The number of dominant interfering cells.
Thus, the  presents the interference from all cells, but excluding the contribution of the M dominant interfering cell(s) which interference is mitigated.
The dominant interfering cells profile:

The serving cell signal profile:


DIP methodology:
The DIP refers to the dominant interferer proportion. It is defined as the ratio of the power of a given interfering cell over the total other cell interference power.
, 

Where, 
presents the DIP of synchronized interference.
presents the DIP of asynchronized interference.
: The received power from serving cell.
: The received power from the j-th strongest synchronized interference cell.
: The received power from the j-th strongest asynchronized interference cell.

: The thermal noise power over the received bandwidth, 
Ns +Na = NBS: NBS is the total number of cells considered including the serving cell. 
The DIP methodology focuses on the power of all the interference cells and the serving cell is not considered in any DIP calculation.
Comparing the simulation assumptions for network scenarios of INR and DIP, the INR methodology was modelled with more system level parameters than that of DIP methodology. Meanwhile, all of the system level parameters defined for the DIP are included in the INR methodology and the values were same for the identical parameters. In LTE, the INR was used for the CRS-IM receiver and the DIP was used for the MMSE-IRC receiver. For INR methodology, theexcludes the contribution of the M dominant interfering cell(s) which interference is mitigated. This is more reasonable for CRS-IM receiver. For MMSE-IRC receiver, we prefer to use the same methodology with LTE. The system model for DIP is simpler and it has already been specified for LTE MMSE-IRC receiver. 
Proposal 4: Only use the DIP methodology as the interference profile. 
CQI reporting requirements
As the advance receiver will improve the demodulation performance of PDSCH, the CQI reporting test should be aligned with the performance of receiver. However, the necessity of introducing CQI reporting requirements should be based on the gain achieved by MMSE-IRC. Thus, whether to introduce the corresponding CQI reporting test should be further discussed. 
Proposal 5: We propose to further discuss whether to introduce the corresponding CQI reporting test.

Proposals  
In this paper, we have the following proposals:
Proposal 1: Only consider synchronized for FDD and TDD.
Proposal 2: We propose to only define the requirements for 10 MHz/15 kHz for FDD and 40 MHz/30 kHz MHz for TDD.
Proposal 3: Only consider TDLA30-10 for simulation.
Proposal 4: Only use the DIP methodology as the interference profile. 
Proposal 5: We propose to further discuss whether to introduce the corresponding CQI reporting test.
Reference
[bookmark: _Ref39839544][bookmark: _Ref31892213][bookmark: _Ref12973084][1] R4-2106116 “Way Forward on general and PDSCH demodulation requirements for inter-cell interference MMSE-IRC”, Intel, RAN4 #98bis-e, April 2021.

image2.wmf
(1)

ˆ

s

ori

s

i

oc

I

DIP

I

+

=


image3.wmf
ˆ

a

ori

a

i

oc

I

DIP

I

=


image4.wmf
21

ˆ

ˆ

sa

NN

sa

oc

orjorj

jj

IIIN

==

=++

åå


image5.wmf
s

i

DIP


image6.wmf
a

i

DIP


image7.wmf
1

ˆ

s

or

I


image8.wmf
ˆ

s

orj

I


image9.wmf
ˆ

a

orj

I


image10.wmf
2

s


oleObject2.bin

image1.wmf
2

s


oleObject1.bin

