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1. Introduction

The phase I evaluation on CRS-IM for NR UE in LTE/NR co-existence scenarios has been completed after RAN4#100e, and in RAN#93e, the following phase II objectives have been added in the revised WID in [1]:

· CRS interference handling in scenarios with overlapping spectrum for LTE and NR:

Phase I: …

Phase II: Define NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR
· Use LLR weighting as baseline reference receiver.

· Focus on synchronous network scenario.
· 15 kHz SCS for NR is prioritized.
· Other aspects will be further discussed in RAN4 and RAN #94e.

Note: The 30 kHz SCS scenario will be discussed after RAN #94e meeting.
In this paper, we give our views on the definition of the test setup for NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM.
2. Discussion

Generally, we think most of the evaluation parameters we agreed in phase I can be reused. As per the approved WF in the RAN4#99e [2], we have the following proposal:
Proposal 1: Reuse the following phase I evaluation parameters in phase II requirement definition:

· General scenario:

· Cover both scenario 1 and scenario 2.
· Interference Model:
· Model 2 interference LTE CRS cells.

· For CRS pattern, use non-colliding CRS between the serving cell CRS (if exits) and interference cell CRS, and non-colliding CRS between the two interfering cells
· Use full bandwidth RB allocation for frequency domain.

· Use the following time and frequency offset for sync network:

· Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively

· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.

· Use 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cells

· Use 16 QAM randomly modulated symbols in the interfering PDSCH when exists

· Use random precoding for the interference PDSCH
· No MBSFN is configured on LTE carrier 

· Use same carrier frequency between serving and LTE interference cells
· Common parameters:

· Focus on NR single carrier scenario

· Cover both 2Rx and 4Rx

· Use TDLA30-10 channel model and ULA low antenna correlation
· Target NR parameters:

· Rank 1 for the target NR PDSCH

· Random precoding (Single panel Type 1) with PRB bundling size is 2 with PRB bundling type is static
· 4 HARQ process number for FDD and further discuss for TDD.

· PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data.
· Reuse the Rel-15 assumptions for ZP CSI-RS, NZP CSI-RS and TRS configuration in PDSCH demodulation requirements for the serving cell
· Configure the first SSB in slot #0 in every 20 ms, and the slot #0 in every 20 ms is not scheduled for PDSCH transmission
· Overhead as 18 when Rel-15 CRS-RM is configured for the target cell (Scenario 1), and overhead as 0 for scenario 2.
Besides, for the other parameters we have the following views and proposals:
CBW and SCS for target and interference cells
In the phase I evaluation, only FDD 15kHz SCS with 10MHz CBW was considered to save the simulation workload:

· Use the following SCS/CBW for performance evaluation before RP #93e, FFS for performance requirement definition:

· FDD 15kHz: 10MHz CBW

· TDD 15kHz: to be discussed in the next meeting

· For NR TDD 15 kHz SCS
· Option 1: use 20MHz bandwidth as starting pint for phase II (if there will be a phase II)
· Option 2: Discuss after RAN #93e

For FDD 15kHz SCS, we only selected 10MHz CBW in phase I for initial evaluation. For phase II, we think both 10MHz and 20MHz should be covered to cover typical deployment scenarios. 
For TDD 15kHz SCS, we propose to use 20MHz CBW.
Proposal 2: For FDD 15kHz SCS, both 10MHz and 20MHz should be covered to cover typical deployment scenarios. For TDD 15kHz SCS, use 20MHz CBW.
PDSCH loading level on interference cell

In the phase I evaluation, multiple interference cell loading levels are included:

· PDSCH loading level on interference cell

· In time domain, probability of occurrence of data transmission in interference cells: simulate 20%, and it is also encouraged to simulate 0%, 50% and 100%.

We can consider to use the baseline PDSCH loading level of 20% on interference cell in Phase II.

Proposal 3: Consider 20% PDSCH loading level on interference cell.
Start symbol (S) and symbol length (L) for the target PDSCH

In the phase I evaluation, following time domain symbol allocation for the target cell is agreed:
· Start symbol (S) and symbol length (L) for the target PDSCH

· For the scenario that Rel-15 or Rel-16 CRS-RM is configured (for scenario 1 and 2): Focus on S = 3, L = 9. Interested companies can bring analysis for S = 3, L = 11.

· For the scenario that CRS-RM is not configured (for scenario 2): S = 2, L = 12

For scenario 1 that Rel-15 CRS-RM is configured for the target DSS cell, whether UE can be allocated with 11 symbols depends on whether the UE supports optional ‘additionalDMRS-DL-Alt’ capability. To our knowledge, ‘additionalDMRS-DL-Alt’ can be supported by most of UEs supporting DSS, to avoid unnecessary waste of data REs in DSS scenarios. Therefore, we propose to cover both S = 3, L = 9 and S = 3, L = 11 symbol allocation for scenario 1, and we can define test applicability to ensure the test cases number will not be increased. Moreover, it is worth noted that for the NR PDSCH demod tests for Rel-15 CRS-RM for the target cell, both S = 3, L = 9 and S = 3, L = 11 symbol allocation are covered.
For scenario 2, we propose to reuse the same configuration in phase I, i.e., S = 2, L = 12.

Observation 1:‘additionalDMRS-DL-Alt’ can be supported by most of UEs supporting DSS, to avoid unnecessary waste of data REs in DSS scenarios.. for the NR PDSCH demod tests for Rel-15 CRS-RM for the target cell, both S = 3, L = 9 and S = 3, L = 11 symbol allocation are covered. 
Proposal 4: Cover both S = 3, L = 9 and S = 3, L = 11 symbol allocation for scenario 1 and define test applicability to ensure the test cases number will not be increased, reuse the same configuration for scenario 2, i.e., S = 2, L = 12 for scenario 2. 

Tx antenna and LTE CRS port number
In the phase I evaluation, 4 CRS ports for the neighbour cell LTE is prioritized:
· Tx antenna and LTE CRS port number

· For initial simulation, prioritize 4 CRS ports and interested companies can provide results for 2 CRS ports case.

· FFS for performance requirement definition.

For the phase II requirement definition, we propose to cover 2 and 4 CRS ports since they are both popular LTE CRS configuration in the real NW and 2 CRS ports is the scenario in our deployment.
Proposal 5: Cover 2 and 4 CRS ports for the neighbour cell LTE. 
3. Conclusions
In this paper, following proposals and observations are given for NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM.
Proposal 1: Reuse the following phase I evaluation parameters in phase II requirement definition:

· General scenario:

· Cover both scenario 1 and scenario 2.
· Interference Model:
· Model 2 interference LTE CRS cells.

· For CRS pattern, use non-colliding CRS between the serving cell CRS (if exits) and interference cell CRS, and non-colliding CRS between the two interfering cells
· Use full bandwidth RB allocation for frequency domain.

· Use the following time and frequency offset for sync network:

· Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively

· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.

· Use 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cells

· Use 16 QAM randomly modulated symbols in the interfering PDSCH when exists

· Use random precoding for the interference PDSCH
· No MBSFN is configured on LTE carrier 

· Use same carrier frequency between serving and LTE interference cells
· Common parameters:

· Focus on NR single carrier scenario

· Cover both 2Rx and 4Rx

· Use TDLA30-10 channel model and ULA low antenna correlation

· Target NR parameters:

· Rank 1 for the target NR PDSCH

· Random precoding (Single panel Type 1) with PRB bundling size is 2 with PRB bundling type is static
· 4 HARQ process number for FDD and further discuss for TDD.

· PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data.
· Reuse the Rel-15 assumptions for ZP CSI-RS, NZP CSI-RS and TRS configuration in PDSCH demodulation requirements for the serving cell
· Configure the first SSB in slot #0 in every 20 ms, and the slot #0 in every 20 ms is not scheduled for PDSCH transmission
· Overhead as 18 when Rel-15 CRS-RM is configured for the target cell (Scenario 1), and overhead as 0 for scenario 2.
Proposal 2: For FDD 15kHz SCS, both 10MHz and 20MHz should be covered to cover typical deployment scenarios. For TDD 15kHz SCS, use 20MHz CBW.

Proposal 3: Consider 20% PDSCH loading level on interference cell.
Observation 1:‘additionalDMRS-DL-Alt’ can be supported by most of UEs supporting DSS, to avoid unnecessary waste of data REs in DSS scenarios.. for the NR PDSCH demod tests for Rel-15 CRS-RM for the target cell, both S = 3, L = 9 and S = 3, L = 11 symbol allocation are covered. 
Proposal 4: Cover both S = 3, L = 9 and S = 3, L = 11 symbol allocation for scenario 1 and define test applicability to ensure the test cases number will not be increased, reuse the same configuration for scenario 2, i.e., S = 2, L = 12 for scenario 2. 

Proposal 5: Cover 2 and 4 CRS ports for the neighbour cell LTE. 
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