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1. Introduction
At RAN#91-e, it was approved that RAN4 would evaluate the techniques to mitigate the CRS in overlapping spectrum for LTE and NR as follows:
	· Evaluate techniques to cope with CRS interference in scenarios with overlapping spectrum for LTE and NR
· Candidate reference receiver to enable neighboring cell CRS-IM
· The performance benefit of neighboring cell LTE CRS-IM over the existing rate matching solutions specified in Rel-15 and Rel-16 shall be evaluated.
· Feasibility of the considered solution regarding NR PDSCH processing timeline need to be checked. 
· Priority will be given to solutions not having RAN1 specification impact.
· Synchronous network scenario is prioritized. As second priority, RAN4 could evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful.
· 15 kHz SCS for NR is prioritized. RAN4 should evaluate the feasibility and usefulness of 30 kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful.
Note: The work can be started from May 2021 meeting.


In this contribution, we will provide our views on UE demodulation performance with CRS-IM receiver and initial simulation assumptions for evaluating CRS-IM in scenarios with overlapping spectrum for LTE and NR. 
2. Scenarios
In legacy Rel-15, RAN4 had already defined test cases to evaluate the receiver performance in LTE-NR coexistence scenario (PDSCH is rate-matched around CRS symbols from one LTE carrier in the serving cell). However, we only focus on the serving cell’s performance without inter-cells’ interference. Thus, in Rel-17, RAN4 is asked to evaluate the UE demodulation performance with inter-cell interference model. When RAN4 is considered to evaluate the UE demodulation performance to mitigate the CRS interference in LTE and NR, the following practical NW deployments should be considered.
The serving cell can be either an LTE and NR coexistence serving cell (scenario a) or a NR only serving cell (scenario b). Naturally, when we consider the interfering inter-cells, the interfering inter-cells may also be either NR only cells or LTE and NR coexistence interfering inter-cells. Thus, overall four typical scenarios need to be evaluated as follow.
· Scenario a: serving cell - NR + LTE, with LTE interfering cells
· Scenario b: serving cell - NR, with LTE interfering cells
[image: ]
The reason to consider both NR+LTE serving cell and NR only serving cell is that when UE has already camped on an LTE and NR coexistence network, UE may have the prior knowledge to handle the interference from LTE inter-cells, but when UE is in an NR only network, UE may need some additional efforts to identify the potential CRS interference from neighboring cells. Meanwhile, UE may face different type of interference when UE is camping on a NR only serving cell or LTE and NR coexistence. Thus, to verify UE demodulation performance to cope with LTE inter-cells interference in a realistic LTE-NR coexistence NW deployment, RAN4 shall evaluate the CRS-IM receiver in both two scenarios.   
[bookmark: _Ref70707943]Proposal 1: RAN4 shall evaluate the CRS-IM receiver performance in the following scenarios:
· Scenario a: serving cell - NR + LTE, with LTE interference from neighboring cell(s)
· Scenario b: serving cell – NR only, with LTE interference from neighboring cell(s)
3. Parameters for NR PDSCH
Common Network Parameters
In RP #91 meeting, there are some agreements on the scenario for CRS-IM evaluation: 
· Synchronous network scenario is prioritized. As second priority, RAN4 could evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful. 
· 15 kHz SCS for NR is prioritized. RAN4 should evaluate the feasibility and usefulness of 30 kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful.
Considering the time pressure in RAN4, we suggest prioritizing the sync. scenario with SCS=15KHz. The async. and/or SCS 30KHz scenarios can be further studied in the 2nd phase after RP #93 meeting. Meanwhile, we noticed RAN4 only defined SCS=15Hz for demodulation requirements for NR-LTE coexistence case for both FDD and TDD. Thus, it is suggested RAN4 to only evaluate sync. network with SCS=15KHz for CRS-IM in 1st phase. Considering the workload, it is also suggested to limit the study scope to single cell only.
[bookmark: _Ref70707946]Proposal 2: RAN4 focus on FDD sync. network with SCS=15KHz for CRS-IM before RP #93 meeting.
[bookmark: _Ref70707949]Proposal 3: RAN4 focus on CRS-IM performance for NR single carrier scenario.
Parameters in LTE+NR coexistence
In NR Rel-15, the test cases for LTE-NR coexistence evaluation were defined for FDD. We suggest to reuse the related NR+LTE coexistent parameters to evaluate the performance on mitigating the CRS inter-cell interference.
[bookmark: _Ref70707952]Proposal 4: RAN4 reuse the NR-LTE coexistence configuration in Rel-15 to evaluate the CRS-IM performance in LTE and NR coexistence scenario.
 
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD

	BW
	MHz
	10

	SCS
	KHz
	15

	Active DL BWP index
	
	1

	PDCCH configuration
	Symbols with PDCCH
	
	Symbol# 2

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	3

	
	Length (L)
	
	9

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2 

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	
	Rank
	
	1

	
	Precoder
	
	Single Panel Type I, Random

	
	Modulation format and code rate
	
	MCS 4 (QPSK, CR=0.3),
MCS 13 (16QAM, CR=0.5)

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Position of the first DM-RS for downlink
	
	3

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CRS for rate matching (Note 1)
	LTE carrier centre subcarrier location
	
	Same as NR carrier center subcarrier location

	
	LTE carrier BW
	MHz
	10

	
	Number of antenna ports
	
	4

	
	v-shift
	
	0

	Number of HARQ Processes
	
	4

	Antenna configuration
	
	4x2, ULA Low
4x4, ULA Low

	Propagation condition
	
	TDLA30-10

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2

	Note 1:	No MBSFN is configured on LTE carrier



In NR Rel-15, RAN4 defined two different PDSCH lengths’ configuration, and the PDSCH length 11 was used to evaluate the optional DMRS configuration which depended on whether UE supported this capability. We suggest to only evaluate the PDSCH length 9 in CRS-IM because UE shall have the capability to mitigate the inter-cell CRS interference which is NR PDSCH length agnostic.
[bookmark: _Ref70707955]Proposal 5: RAN4 only defines the test case for NR PDSCH length equaling 9 in CRS-IM performance evaluation.
Parameters in NR only serving cell
When we defined the NR PDSCH parameters in NR only serving cell, the related serving cell’s parameters in MMSE-IRC receiver for inter-cell interference can be reused to evaluate the CRS-IM performance in NR only serving cell scenario.
[bookmark: _Ref70707958]Proposal 6: RAN4 reuse the NR serving cell configuration in MMSE-IRC receiver for inter-cell interference to evaluate the CRS-IM performance in LTE and NR coexistence scenario.
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD

	BW
	MHz
	10

	SCS
	KHz
	15

	Active DL BWP index
	
	1

	PDCCH configuration
	Symbols with PDCCH
	
	Symbol# 0 and #1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2 

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	
	Rank
	
	1

	
	Modulation format and code rate
	
	MCS 4 (QPSK, CR=0.3),
MCS 13 (16QAM, CR=0.5)

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Position of the first DM-RS for downlink
	
	2

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	4

	Antenna configuration
	
	4x2, ULA Low
4x4, ULA Low

	Propagation condition
	
	TDLA30-10

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2



4. Modeling of interference
4.1. Dominant interference over  (INR)
In LTE CRS-IM SI, the dominant interference over  (INR) was defined as a key parameter to define the interference power to evaluate link level performance of CRS-IM receiver as follow[2]. 
	[bookmark: _Toc373934682]6.2	Statistical measurements
Network interference statistics are computed using the following defined measures.  is defined as 
,

where  is the received power spectral density of the j-th strongest base station measured at serving cell CRS REs (average power obtained within the RE and normalized to the subcarrier spacing). Specifically,   denotes the received power spectral density of serving cell,  denotes the received power spectral density of the  dominant interfering cells. is the power spectral density of thermal noise (average power per RE normalised), and NBS is the total number of base stations considered including the serving cell,  is the number of dominant interfering cell(s) which interference can be mitigated by the UE. The quantity  models the interference from all cells, excluding the contribution of the M dominant interfering cell(s) which interference is mitigated. It is noted that the conducted studies assume M=2.
The interference profiles for the dominant interfering cells are defined by , and the serving cell signal profiles are characterized by . 
Geometry G is defined as 

Here, all the interfering BSs are assumed with full load. 


To specify the interfering signal models from the interfering cells, in LTE CRS-IM SI, RAN4 has defined INR to reflect the partial loading on the interferers, where INR for j-th cell(INRj) is given by the ratio of received signal power from dominant interfering cell j-th and the white noise power . From our understanding, this model can be reused for the NR UE demodulation requirements for CRS-IM suppressing inter-cell interference with overlapping spectrum for LTE and NR.
[bookmark: _Ref70707961]Proposal 7: RAN4 reuse the dominant interference over  (INR) to specify the received signal powers from interfering cells to evaluate CRS-IM performance with overlapping spectrum for LTE and NR.
4.2. Inter-cell interference model
RAN4 had already defined the interference profiles to evaluate the CRS-IM performance in LTE[3]. We suggest to reuse the interference profiles as a start point to evaluate the CRS-IM in LTE and NR coexistence scenario.
[bookmark: _Ref70707964]Proposal 8: RAN4 reuse the LTE interference profiles defined in LTE CRS-IM SI as a start point to evaluate the CRS-IM in LTE and NR coexistence scenario.
· Interference power profile
· Scenario 1: I1/Noc = 10.45 dB, I2/No = 4.6 dB
· Scenario 2: I1/Noc = 15.8 dB, I2/No = 10.5 dB
· Scenario 3: I1/Noc = 4.7dB, I2/No = 1.4 dB
· Resource allocation
· Same BW configuration as the NR serving cell
· Center frequency is also same between serving cell and neighboring cells
· Random full band (50PRB) on/off model, proportional to the average resource utilization in the interfering cells. 
· Average resource utilization (RU) in the interfering cells: 
· Model 1: 20% (PDSCH transmissions randomly & independently active over the full band with 20% activity in time domain)  
· Model 2: 0% (only CRS, PSS, SSS, PBCH transmission)
· Rank
· Randomly changing rank per allocated sub-band per subframe: 80% rank-1, 20% rank-2
· TM
· TM4
5. Reference receiver
The performance of the CRS-IM receiver is analyzed against the baseline LMMSE-IRC reference receiver which are used to define the minimum performance requirements in the existing NR systems.
[bookmark: _Ref70707967]Proposal 9: RAN4 shall use MMSE-IRC receiver as the baseline receiver to evaluate the performance of the CRS-IM in LTE and NR coexistence scenarios.
In legacy LTE CRS-IM SI, several kinds of enhanced CRS-IM receivers were also investigated to mitigate the interference of CRS. The following CRS-IM receiver assumptions were also used in the studies.
	· Single FFT processing
· No restriction on whether mitigated CRS interference is intra-/inter-site.
· Number of cancelled cells for non-colliding CRS-IM:
· The PDSCH and DL Control Channels minimum performance requirements agreed to be defined under assumption of single dominant interference cell CRS-IM.
· UEs are not restricted to use more than 1 cell CRS-IM and this is left up to UE implementation.


It is suggested to follow the similar evaluation assumptions as the legacy LTE CRS-IM. UE shall permit to use only single FFT processing to mitigate the LTE inter-cells’ CRS interference. The number of cancelled cells for CRS-IM is up to UE implementation.
[bookmark: _Ref70707971]Proposal 10: The assumptions for CRS-IM UE receiver are as following:
· Single FFT processing
· UEs shall meet NR PDSCH processing procedure time requirement defined in TS 38.214 5.3
· UEs are not restricted to use more than 1 cell CRS-IM, but this is left up to UE implementation 
RAN4 had evaluated different CRS-IM receivers for CRS non-colliding and colliding scenarios in LTE CRS-IM. In NR+LTE coexistent synchronization network, there are three typical colliding/non-colliding scenarios needed to be considered to define the reference receiver in NR CRS-IM evaluation.
NR+LTE coexistence
· Colliding CRS between LTE serving cell and LTE inter-cells
When we consider the synchronization network design in 1st stage, once the inter-cell LTE CRS interference collide with LTE serving cell’s CRS, these inter-cell LTE CRS won’t collide with NR DMRS and data. Thus, RAN4 does not need to consider this scenario as NR PDSCH (and PDCCH) is not interfered by the neighboring cell CRS.  
[image: ]
[bookmark: _Ref70707903]Observation 1: In synchronization network with NR+LTE coexistence, LTE inter-cells’ CRS interference won’t interfere any NR signals in the serving cell when CRS colliding between serving LTE cell and dominant interfering cells.
· Non-colliding CRS between LTE serving cell and LTE inter-cells
When we consider non-colliding CRS configurations between LTE inter-cells with LTE serving cell, the dominant LTE interfering cells may interfere the NR PDSCH.
[image: ]
[bookmark: _Ref70707906]Observation 2: In synchronization network with NR+LTE coexistence, LTE inter-cells’ CRS will interfere NR PDSCH in the serving cell when non-colliding CRS between serving LTE cell and dominant interfering cells.
NR serving cell
There is no rate marching for NR serving cell PDSCH data for LTE neighbor cell. Thus, the inter-cell LTE CRS may collide with both NR PDCCH, PDSCH data and NR PDCCH DMRS.
[image: ]
[bookmark: _Ref70707899]Observation 3: In synchronization network with NR only serving cell, LTE inter-cells’ CRS interference may collide with NR PDCCH, NR PDSCH and NR PDCCH DMRS in the serving cell.
[bookmark: _Ref70707974]Proposal 11: RAN4 to discuss whether to define CRS-IM requirement for PDCCH decoding in NR and LTE coexistent scenario.
[bookmark: _Ref71535233][bookmark: _Ref70707976]Proposal 12: In the 1st stage, RAN4 shall evaluate the CRS-IM receiver in synchronized network for the following scenarios:
	Scenario 
	Serving cell
	Interfering cell(s)

	a
	dynamic spectrum sharing
	non-colliding CRS with LTE serving cell’s CRS

	b
	NR only
	LTE cell


6. Performance Metric
From our understanding, the performance metric with average SNR for 70% of max throughput can be reused to evaluate the CRS-IM in NR. 
[bookmark: _Ref71535238]Proposal 13: RAN4 to use average SNR for 70% of max throughput to evaluate the performance for CRS-IM in NR.
Summary
In this paper, we provide our views on UE demodulation performance with CRS-IM receiver and initial simulation assumptions for evaluating CRS-IM. 
Observation 3: In synchronization network with NR only serving cell, LTE inter-cells’ CRS interference may collide with NR PDCCH, NR PDSCH and NR PDCCH DMRS in the serving cell.
Observation 1: In synchronization network with NR+LTE coexistence, LTE inter-cells’ CRS interference won’t interfere any NR signals in the serving cell when CRS colliding between serving LTE cell and dominant interfering cells.
Observation 2: In synchronization network with NR+LTE coexistence, LTE inter-cells’ CRS will interfere NR PDSCH in the serving cell when non-colliding CRS between serving LTE cell and dominant interfering cells.
Proposal 1: RAN4 shall evaluate the CRS-IM receiver performance in the following scenarios:
· Scenario a: serving cell - NR + LTE, with LTE interference from neighboring cells
· Scenario b: serving cell – NR only, with LTE interference from neighboring cells
Proposal 2: RAN4 focus on FDD sync. network with SCS=15KHz for CRS-IM before RP #93 meeting.
Proposal 3: RAN4 focus on CRS-IM performance for NR single carrier scenario.
Proposal 4: RAN4 reuse the NR-LTE coexistence configuration in Rel-15 to evaluate the CRS-IM performance in LTE and NR coexistence scenario.
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD

	BW
	MHz
	10

	SCS
	KHz
	15

	Active DL BWP index
	
	1

	PDCCH configuration
	Symbols with PDCCH
	
	Symbol# 2

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	3

	
	Length (L)
	
	9

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2 

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	
	Rank
	
	1

	
	Precoder
	
	Single Panel Type I, Random

	
	Modulation format and code rate
	
	MCS 4 (QPSK, CR=0.3),
MCS 13 (16QAM, CR=0.5)

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Position of the first DM-RS for downlink
	
	3

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	CRS for rate matching (Note 1)
	LTE carrier centre subcarrier location
	
	Same as NR carrier center subcarrier location

	
	LTE carrier BW
	MHz
	10

	
	Number of antenna ports
	
	4

	
	v-shift
	
	0

	Number of HARQ Processes
	
	4

	Antenna configuration
	
	4x2, ULA Low
4x4, ULA Low

	Propagation condition
	
	TDLA30-10

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2

	Note 1:	No MBSFN is configured on LTE carrier


 
Proposal 5: RAN4 only defines the test case for NR PDSCH length equaling 9 in CRS-IM performance evaluation.
Proposal 6: RAN4 reuse the NR serving cell configuration in MMSE-IRC receiver for inter-cell interference to evaluate the CRS-IM performance in LTE and NR coexistence scenario.
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD

	BW
	MHz
	10

	SCS
	KHz
	15

	Active DL BWP index
	
	1

	PDCCH configuration
	Symbols with PDCCH
	
	Symbol# 0 and #1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2 

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	
	Rank
	
	1

	
	Modulation format and code rate
	
	MCS 4 (QPSK, CR=0.3),
MCS 13 (16QAM, CR=0.5)

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Position of the first DM-RS for downlink
	
	2

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	4

	Antenna configuration
	
	4x2, ULA Low
4x4, ULA Low

	Propagation condition
	
	TDLA30-10

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	2


 
Proposal 7: RAN4 reuse the dominant interference over  (INR) to specify the received signal powers from interfering cells to evaluate CRS-IM performance with overlapping spectrum for LTE and NR.
Proposal 8: RAN4 reuse the LTE interference profiles defined in LTE CRS-IM SI as a start point to evaluate the CRS-IM in LTE and NR coexistence scenario.
· Interference power profile
· Scenario 1: I1/Noc = 10.45 dB, I2/No = 4.6 dB
· Scenario 2: I1/Noc = 15.8 dB, I2/No = 10.5 dB
· Scenario 3: I1/Noc = 4.7dB, I2/No = 1.4 dB
· Resource allocation
· Same BW configuration as the NR serving cell
· Center frequency is also same between serving cell and neighboring cells
· Random full band (50PRB) on/off model, proportional to the average resource utilization in the interfering cells. 
· Average resource utilization (RU) in the interfering cells: 
· Model 1: 20% (PDSCH transmissions randomly & independently active over the full band with 20% activity in time domain)  
· Model 2: 0% (only CRS, PSS, SSS, PBCH transmission)
· Rank
· Randomly changing rank per allocated sub-band per subframe: 80% rank-1, 20% rank-2
· TM
· TM4
Proposal 9: RAN4 shall use MMSE-IRC receiver as the baseline receiver to evaluate the performance of the CRS-IM in LTE and NR coexistence scenarios.
Proposal 10: The assumptions for CRS-IM UE receiver are as following:
· Single FFT processing
· UEs shall meet NR PDSCH processing procedure time requirement defined in TS 38.214 5.3
· UEs are not restricted to use more than 1 cell CRS-IM, but this is left up to UE implementation 
Proposal 11: RAN4 to discuss whether to define CRS-IM requirement for PDCCH decoding in NR and LTE coexistent scenario.
Proposal 12: In the 1st stage, RAN4 shall evaluate the CRS-IM receiver in synchronized network for the following scenarios:
	Scenario 
	Serving cell
	Interfering cell(s)

	a
	dynamic spectrum sharing
	non-colliding CRS with LTE serving cell’s CRS

	b
	NR only
	LTE cell


Proposal 13: RAN4 to use average SNR for 70% of max throughput to evaluate the performance for CRS-IM in NR.
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