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1. Introduction 
In RAN4#99-e PDSCH demodulation requirements for intercell interference with MMSE-IRC receiver was discussed and way forward [1] was agreed. In this contribution we present simulation results and our views on open issues.  
2. Discussion
Agreements in RAN4#99e are summarized below.
	Common Parameters
· Network type
· Synchronized for FDD and TDD
· FFS asynchronized for FDD
· Channel bandwidth
· Use 10MHz for FDD 15kHz and 40MHz for TDD 30kHz for initial simulation purpose
· FFS whether to consider 40 MHz for FDD 15kHz and 100 MHz for TDD 30kHz for requirements definition
· TRS/CSI-RS configuration
· TRS/CSI-RS colliding with TRS/CSI-RS interference
· Propagation condition
· Consider TDLA30-10 and TDLC300-100 channel models for evaluation purpose and select only one for requirements definition
Target PDSCH parameters
· 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
· Random precoder with Type I SP codebook
· Performance measurement point
· Option 1: SINR at 70% TP
· Option 2: SNR at 70% TP
· 
Interference model
· Deployment for initial simulations
· Consider Homogeneous deployment assumptions
· FFS whether for consider HetNet deployment assumptions
· DIP values for Homogeneous deployment assumptions for initial simulations
· Consider DIP1/2 = -1.73/-8.66 dB (INR1/2 = 5.43/-1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell) as baseline for initial link level analysis for Synchronous network
· Results for other interference profiles are welcome
· Other options are not precluded for requirements definition
· FFS assumptions for asynchronous network
· INR values for HetNet deployment assumptions for initial simulations (in case HetNet is agreed)
· Option 1: INRs 11.39 and 5.45 dB (DIPs -1.23 and -7.16 dB)
· Other options are not precluded
· Number of explicitly modeled interference cells
· Companies are encouraged to check performance with 1 and 2 interference cells for initial simulations
· Further discuss the assumptions for requirements definition
· Analysis of NR interference profile
· System level analysis from interested companies is not precluded
· Methodology for interference profile configuration
· Option 1: Use the DIP methodology 
· Option 2: Use the INR methodology




Simulation Results
Based on the simulation parameters agreed in [1] we present performance results.

Table 1: Simulation Parameters for PDSCH demodulation for ICI
	Parameter
	Cell1
	Interferer Cells

	Duplex mode
	FDD

	DIP for Homogeneous deployment
	N/A
	1 Cell:-1.73dB
2 Cells: -1.73, -8.66 dB

	INR for HetNet deployment
	N/A
	2 Cells: 11.39, 5.45 dB

	Active DL BWP index
	1
	N/A

	CBW/SCS
	10 MHz/ 15 KHz

	RB allocation
	Full bandwidth

	MIMO layer
	Rank 1
	Rank 1,2
70% Rank 1
30% Rank 2

	Antenna Config and Correlation
	2x2, ULA Low
2x4, ULA Low

	Channel
	TDLA30-10 
TDLC300-100 

	PDSCH configuration

	Mapping type
	Type A
	Type A

	Starting symbol (S) 
	2
	2

	Length (L)
	12
	12

	PDSCH DMRS configuration
	Type 1
1+1
Port: 0
	Type 1
1+1
Port: 1

	Precoding Granularity
	2 PRB
	2 PRB

	MCS
	4 (QPSK)
13 (16QAM)
	 13 (16QAM)

	HARQ Parameters

	Number of HARQ Processes
	4-FDD
	N/A

	Maximum HARQ transmission
	4
	N/A

	CSI-RS for Tracking

	First subcarrier index in the PRB used for CSI-RS 
	k0=0 for CSI-RS resource 1,2,3,4
	k0=0 for CSI-RS resource 1,2,3,4

	First OFDM symbol in the PRB used for CSI-RS 
	l0 = [ 6  10]
	l0 = [6 10] 

	CSI-RS periodicity
	20ms
	20ms

	CSI-RS offset
	15 kHz SCS:
10 for CSI-RS resource 1 and 2
11 for CSI-RS resource 3 and 4

	15 kHz SCS:
10 for CSI-RS resource 1 and 2
11 for CSI-RS resource 3 and 4




Homogeneous network deployment
One of the open items was to decide whether 1 or 2 interferer cells should be configured for homogeneous deployment. We present results with 1 and 2 interferer cells configured. 

	Performance in Homogeneous deployment
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Figure 1: Performance in ICI for QPSK on target cell for homogeneous deployment

	Performance in Homogeneous deployment
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Figure 2: Performance in ICI for 16QAM on target cell for homogeneous deployment
Based on the results above, we see no performance delta in UE performance between 1 or 2 interfere cells configured. 
Observation #1: No performance delta is observed while configuring 1 or 2 interferer cells in homogeneous deployment.
Since there is no impact on UE implementation or performance based on number of interfering cells, if homogeneous network deployment is assumed, configure 1 interferer cell for defining requirements.
Proposal #1: Introduce requirements for intercell interference with 1 interferer cell. 

Heterogenous Network Deployment
We present performance results for heterogeneous deployment.



	Performance in HetNet deployment
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Figure 3: Performance in ICI for QPSK on target cell for HetNet deployment

	Performance in HetNet deployment
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Figure 4: Performance in ICI for 16QAM on target cell for HetNet deployment
Test Scope for Inter-cell interference 
Some of the open issues related to requirements in ICI:
· Network type for FDD
· Additional CBW for FDD and TDD
· Number of interfering cells
· Deployment assumption
· Methodology for Interference profile configuration
For ICI scenarios the interference and target cells might not be synchronized but considering synchronized network would have the worse impact on UE performance. We don’t see the purpose of considering asynchronous network fo ICI scenarios.
Proposal #2: Only consider synchronized network for ICI requirements. 
Another open issue for test scope was whether additional CBWs should be considered for ICI requirements. It is common understanding that performance doesn’t change significantly with different CBW. Hence, we don’t see the necessity to consider additional CBW and increase test definition efforts.
Proposal #3: Do not introduce requirements for ICI with additional BWs for TDD and FDD.
In [1] it was agreed to use homogeneous deployment assumption for interference profile definition as baseline and HetNet deployment-based profile was FFS. The interference profile adopted should be practical and applicable to NR deployments. 
Proposal #4: Use deployment assumption and interference profile that is more suitable for ICI scenario in NR.
In RAN4#99e it was discussed if DIP based or INR based methodology should be used for interference profile configuration. While both DIP and INR based profiles are valid and different methods to define interference profiles used in LTE, INR based methodology is more straight forward to directly understand the interference level without further calculations. Hence, we propose toto use INR based methodology to define interference profile.
Proposal #5: Use INR based methodology to define interference profile in NR.
Another open issue was the test requirement definition, whether it is SNR or SINR based. By using INR to define the interference profile, the requirement definition can be based on SNR, like normal PDSCH demod requirements.
Proposal #6: Define test requirement metric for ICI as SNR at 70% of max TP. 

3. Conclusion
In this contribution we present simulation results and our views on open issues related to test parameters for PDSCH demodulation requirements for intercell interference with MMSE-IRC receiver. Our observations and proposals are captured below:
Observation #1: No performance delta is observed while configuring 1 or 2 interferer cells in homogeneous deployment.
Proposal #1: Introduce requirements for intercell interference with 1 interferer cell. 
Proposal #2: Only consider synchronized network for ICI requirements. 
Proposal #3: Do not introduce requirements for ICI with additional BWs for TDD and FDD.
Proposal #4: Use deployment assumption and interference profile that is more suitable for ICI scenario in NR.
Proposal #5: Use INR based methodology to define interference profile in NR.
Proposal #6: Define test requirement metric for ICI as SNR at 70% of max TP. 


Reference
[1].  R4-2108664, “WF on general and PDSCH demodulation requirements for inter-cell interference MMSE-IRC”, Intel.  
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