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1. Introduction

The following objective is included in Rel-17 WI on Further enhancement on NR demodulation performance [1]:
· 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.
This contribution presents our views on the scenarios and parameters for CRS-IM performance evaluation.
2. Discussion
2.1  General

For CRS-IM, currently only the study phase is included in the WID, with the following deadline for the performance evaluation as agreed in RAN #91e. So, there are only two meetings to accomplish the performance study before moving to define the requirements. With such a short time for performance evaluation, it is recommended to align main parameters which have obvious performance impact, and leave other detailed parameters to each contributing company.
· Performance evaluation of DSS wrt interference is needed first – collect company input
· Ask RAN4 to perform this evaluation until RAN#93E (September), to be reviewed at RAN#92E (June)
Proposal 1: With a short time for performance evaluation, it is recommended to align main parameters which have obvious performance impact, and leave other detailed parameters to each contributing company.
2.2  Reference receiver
As stated in the WID, the candidate reference receiver is neighboring cell CRS-IM, which is assumed as the same as that used in LTE FeICIC and homogenous network CRS-IM. One thing to clarify is that, MMSE-IRC receiver is the baseline receiver used in NR Rel-15 PDSCH demodulation requirements, so it is straightforward to assume that the neighboring cell CRS-IM is used together with MMSE-IRC.
Observation 1: MMSE-IRC receiver is the baseline receiver used in NR Rel-15 PDSCH demodulation requirements, so it is straightforward to assume that the neighboring cell CRS-IM is used together with MMSE-IRC, which is also the assumption for CRS-IM in LTE homogenous network.
2.3  Interference model
Interference profile
In LTE SI and WI on CRS-IM in homogenous network [3] [4], substantial efforts on system level and link level simulation have been spent to find appropriate interference profiles for CRS-IM receiver, and finally the following interference profiles have been used in LTE non-TM10 PDSCH demodulation tests with CRS assistance information:
· Model 2 explicit interfering cells with non-colliding CRS with the serving cell, and non-colliding CRS between the two interfering cells
· INR1/INR2 (signal level of the 1st/2nd dominant interference over Noc) = 10.45/4.6 dB
· Probability of occurrence of data transmission in interference cells in time domain, i.e., resource utilization, is 20%
Proposal 2: Reuse the interference profiles for LTE CRS-IM receiver in HomNet, i.e.,

· Model 2 explicit interfering cells with non-colliding CRS with the serving cell, and non-colliding CRS between the two interfering cells
· INR1/INR2 (signal level of the 1st/2nd dominant interference over Noc) = 10.45/4.6 dB
· Probability of occurrence of data transmission in interference cells in time domain, i.e., resource utilization, is 20%.
Number of Tx antennas and LTE CRS ports

As starting point, it is suggested to consider the same number of Tx antennas/CRS ports in serving cell and interfering cells, and cover both 2 and 4 Tx antennas/CRS ports per cell.

Proposal 3: Consider the same number of Tx antennas/CRS ports in serving cell and interfering cells, and cover both 2 CRS ports and 4 CRS ports per cell.

Time offset and frequency shift for sync network
For sync FDD and TDD network, the values of time offset and frequency shift among the 3 cells can also be reused from LTE HomNet CRS-IM WI, i.e., time offset w.r.t. the serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively, and frequency shift w.r.t. the serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
Proposal 4: For sync FDD and TDD network, time offset w.r.t. the serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively, and frequency shift w.r.t. the serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
Transmission rank
In LTE HomNet CRS-IM test, rank 1 and rank 2 transmissions are assumed in the interfericng cell with a certain probability. More specifically, 80% and 20% probability are assumed for rank 1 and rank 2 respectively. Following the statistics in LTE, we can assume 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cell(s) for NR CRS-IM tests.

Proposal 5: Assume 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cell(s).
NR PDSCH or LTE PDSCH transmission in interfering cells

In the simulation and test setup, the data from interfering cells can be NR PDSCH or LTE PDSCH, which doesn’t have obvious impact on the target NR PDSCH performance. So, either one is ok for us. The precoding model and granularity need to be configured accordingly. 
Proposal 6: The data from interfering cells can be either NR PDSCH or LTE PDSCH, and the precoding model and granularity need to be configured accordingly.
Modulation scheme

Similar to LTE HomNet CRS-IM test, 16 QAM randomly modulated symbols can be transmitted in the interfering PDSCH.

Proposal 7: Assume 16 QAM randomly modulated symbols in the interfering PDSCH when exists.
2.4  Target NR PDSCH parameters

Rank
For the target NR PDSCH, rank 1 can be assumed.

Proposal 8: Use rank 1 for target PDSCH.
MCS and SINR
For the target PDSCH MCS, it is proposed to use the MCS assumed in LTE Hom-Net CRS-IM test as a starting point, i.e., 16QAM with code rate of 0.54-0.58 for 2 CRS ports, and 64QAM with code rate of 0.5 for 4 CRS ports. As a result, for the target NR PDSCH, it is suggested to use MCS 14 and MCS 19 in MCS table 1 for 2 CRS ports and 4 CRS ports respectively as starting point.
Proposal 9: For the target NR PDSCH, as starting point, use MCS 14 and MCS 19 in MCS table 1 for 2 CRS ports and 4 CRS ports respectively.
Precoding model
For the precoding model, following Rel-15 NR PDSCH demod requirement assumptions, we can use random precoding per slot and per PRB bundling granularity (codebook configuration Single panel Type 1), and assume wideband PRB bunlding.
Proposal 10: For the precoding model of target PDSCH, use random precoding per slot and per PRB bundling granularity (codebook configuration Single panel Type 1), and assume wideband PRB bunlding.
Performance measurement
For the performance measurement, we propose to obtain the throughput gain of CRS-IM over no CRS-IM, with Rel-15 serving cell CRS rate matiching configured.
Proposal 11: For the performance measurement, compare the throughput gain of CRS-IM over no CRS-IM, with Rel-15 serving cell CRS rate matiching configured.
HARQ process number
For the HARQ process number, the NR Rel-15/16 PDSCH demod assumptions can be reused, i.e., 

· 4 HARQ processes for FDD

· 8 HARQ processes for TDD

Proposal 12: Re-use the Rel-15/16 assumptions on HARQ process number, i.e., 4 for FDD and 8 for TDD.

PDSCH mapping type and DMRS configuration

As typical configuraiton, assume PDSCH mapping type A with full PRB allocation in target PDSCH. In addition, DMRS Type 1 with single symbol front loaded and 1 additional DMRS is assumed, and FDM is applied between DMRS and data. 

Proposal 13: In target PDSCH, assume 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. 

ZP CSI-RS, NZP CSI-RS and TRS configurations

For ZP CSI-RS, NZP CSI-RS and TRS, the Rel-15 assumptions in PDSCH demodulation requirements can be reused for the serving cell.

Proposal 14: For ZP CSI-RS, NZP CSI-RS and TRS, the Rel-15 assumptions in PDSCH demodulation requirements can be reused for the serving cell.

2.5  Other parameters
Rx antenna number
For the Rx antenna number, considering the short time for the study phase, 2Rx can be prioritized.

Proposal 15: For the Rx antenna number, 2Rx can be prioritized.
Propagation condition

For the propagation condition, we suggest to use TDLA30-10 in the study phase, and other conditions are not precluded in the requirement definition phase. As for the antenna correlation, ULA low can be assumed.

Proposal 16: For the propagation condition, use TDLA30-10 and ULA low in the study phase.
SSB position

For SSB position in target cell, the Rel-15 assumptions can reused, i.e., configure the first SSB in slot #0 in every 20 slots. In DSS scneario, LTE MBSFN subfrmaes are usually configured in slots with NR SSB. In addition, similar to Rel-15 PDSCH demod test, slot #0 with SSB in every 20 slots is not scheduled for PDSCH transmission.

Proposal 17: For SSB in target cell, reuse the Rel-15 assumptions, i.e., configure the first SSB in slot #0 in every 20 slots, and the slot #0 in every 20 slots is not scheduled for PDSCH transmission.
3. Conclusions
The following proposals and observation were made w.r.t. the parameters for CRS-IM performance evaluation:
General
Proposal 1: With a short time for performance evaluation, it is recommended to align main parameters which have obvious performance impact, and leave other detailed parameters to each contributing company.
Reference receiver
Observation 1: MMSE-IRC receiver is the baseline receiver used in NR Rel-15 PDSCH demodulation requirements, so it is straightforward to assume that the neighboring cell CRS-IM is used together with MMSE-IRC, which is also the assumption for CRS-IM in LTE homogenous network.

Interference model

Proposal 2: Reuse the interference profiles for LTE CRS-IM receiver in HomNet, i.e.,

· Model 2 explicit interfering cells with non-colliding CRS with the serving cell, and non-colliding CRS between the two interfering cells
· INR1/INR2 (signal level of the 1st/2nd dominant interference over Noc) = 10.45/4.6 dB
· Probability of occurrence of data transmission in interference cells in time domain, i.e., resource utilization, is 20%.

Proposal 3: Consider the same number of Tx antennas/CRS ports in serving cell and interfering cells, and cover both 2 CRS ports and 4 CRS ports per cell.

Proposal 4: For sync FDD and TDD network, time offset w.r.t. the serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively, and frequency shift w.r.t. the serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
Proposal 5: Assume 80% and 20% probability for rank 1 and rank 2 transmission in the interfering cell(s).
Proposal 6: The data from interfering cells can be either NR PDSCH or LTE PDSCH, and the precoding model and granularity need to be configured accordingly.
Proposal 7: Assume 16 QAM randomly modulated symbols in the interfering PDSCH when exists.
Target NR PDSCH parameters
Proposal 8: Use rank 1 for target PDSCH.
Proposal 9: For the target NR PDSCH, as starting point, use MCS 14 and MCS 19 in MCS table 1 for 2 CRS ports and 4 CRS ports respectively.
Proposal 10: For the precoding model of target PDSCH, use random precoding per slot and per PRB bundling granularity (codebook configuration Single panel Type 1), and assume wideband PRB bunlding.

Proposal 11: For the performance measurement, compare the throughput gain of CRS-IM over no CRS-IM, with Rel-15 serving cell CRS rate matiching configured.
Proposal 12: Re-use the Rel-15/16 assumptions on HARQ process number, i.e., 4 for FDD and 8 for TDD.

Proposal 13: In target PDSCH, assume 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. 

Proposal 14: For ZP CSI-RS, NZP CSI-RS and TRS, the Rel-15 assumptions in PDSCH demodulation requirements can be reused for the serving cell.

Other parameters

Proposal 15: For the Rx antenna number, 2Rx can be prioritized.
Proposal 16: For the propagation condition, use TDLA30-10 and ULA low in the study phase.
Proposal 17: For SSB in target cell, reuse the Rel-15 assumptions, i.e., configure the first SSB in slot #0 in every 20 slots, and the slot #0 in every 20 slots is not scheduled for PDSCH transmission.
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