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Introduction
In RAN#89-e meeting the work item on Rel-17 UE and BS demodulation performance enhancement was approved and it was updated with small modification in [1]. For the UE demodulation part, the objectives are as follows:
· MMSE-IRC receiver for suppressing inter-cell interference
· MMSE-IRC receiver for suppressing intra-cell inter-user interference
In RAN#90-e meeting and RAN#91-e meeting, the additional objective to introduce PDSCH demodulation requirements for handling neighbouring cell CRS in LTE-NR coexistence scenarios were and will also be proposed and discussed.
In this paper, we would like to propose TRS/CSI-RS/SSB interference mitigation (TRS/CSI-RS/SSB-IM) to handle the interference of those reference signals from NR neighbour cells. The reason behind is quite similar to that for LTE CRS-IM for DSS. We propose to add new objectives for handling these intel-cell interference in the Rel-17 NR demodulation performance enhancement WI.
Discussion 
Overview of inter-cell TRS/CSI-RS/SSB interference
In the current commercial network deployment, the degradation of PDSCH demodulation performance has been observed due to interference of TRS/CSI-RS/SSB from NR neighbour cells, when the load is light and the higher modulation order is scheduled in the serving cell. There are some scenarios that we are considering:
· Collision between serving cell TRS and neighbour cell TRS.
· Collision between serving cell PDSCH and neighbour cell TRS.
· Collision between serving cell PDSCH and neighbour cell CSI-RS
· Collision between serving cell SSB and neighbour cell SSB.
Intel-cell TRS interference
a) Collision between serving cell TRS and neighbour cell TRS
Figure 1 shows the scenario when inter-cell TRS collides and interferes the serving cell TRS, which cause inaccurate time-frequency tracking. Then the performance of channel estimation is degraded and finally leads to the PDSCH demodulation performance degradation.
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Figure 1: Neighbour cell TRS collides with serving cell TRS  
b) Collision between serving cell PDSCH and neighbour cell TRS
Apart from interfering the serving cell TRS, neighbour cell TRS can also collide with and interfere the serving cell PDSCH (Figure 2). When the serving cell PDSCH is configured with the higher coding rate and/or modulation order, the pollution of a single RE will cause the significant impact on the PDSCH demodulation performance. Since TRS is transmitted periodically in neighbour cells, the impact on the PDSCH of the serving cell would not be negligible.
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Figure 2: Neighbour cell TRS collides with serving cell PDSCH
To improve the PDSCH demodulation performance impacted by the neighbour cell TRS, the TRS-IM should be considered. To reduce the complexity of UE, we could consider to introduce the network assistant signalling to provide all the necessary information.
Observation 1: The PDSCH demodulation performance would be degraded due to neighbour NR cell TRS interference. The TRS-IM should be considered and introduced.
Intel-cell CSI-RS interference
Similar with inter-cell TRS interference, the serving cell PDSCH can be polluted by neighbour cell CSI-RS as shown in Figure 3, if certain CSI-RS REs are transmitted periodically.
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Figure 3: Neighbour cell CSI-RS collides with serving cell PDSCH
Although the CSI-RS resources are configured in per UE manner, most likely a certain sets of REs would be shared among different CSI-RS configurations for different UEs, which would lead to some kind of constant interference like CRS for LTE and thus would also cause performance degradation. We would like to consider CSI-RS-IM to improve the performance when network is light-loaded.
Observation 2: The PDSCH demodulation performance would be degraded due to neighbour cell CSI-RS interference. The CSI-RS-IM should be considered and introduced.
Intel-cell SSB interference
The collision between serving cell SSB and neighbour cell SSB happens in the commercial network. The collision cause inaccurate time-frequency synchronization. To improve the performance of time-frequency estimation, SSB-IM could be considered and introduced. 
Observation 3: The collision between serving cell SSB and neighbour cell SSB would cause inaccurate time-frequency estimation and RRM measurement for serving cell. The SSB-IM could be considered and introduced.
Simulation results
a) Simulation results for inter-cell TRS interference when PDSCH of serving cell collides with TRS from one neighbour cell and the high modulation order/coding rate is scheduled in the serving cell
Table 1 shows the serving cell PDSCH demodulation performance difference between with and without inter-cell TRS interference, when PDSCH of serving cell collides with TRS from a neighbour cell.
Table 1: PDSCH performance difference between with and without inter-cell TRS interference
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The difference is around 3.2 dB, which is a significant degradation. TRS-IC is necessary to improve the PDSCH demodulation performance. 
b) Simulation results for inter-cell CSI-RS interference when PDSCH of serving cell collides with CSI-RS from one neighbour cell and the high modulation order/coding rate is scheduled in the serving cell
Figure 4 shows the PDSCH demodulation performance difference when the PDSCH is interfered by neighbour cell CSI-RS with different INR.
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Figure 4: PDSCH demodulation performance impact by inter-cell CSI-RS interference 
Figures 4 illustrates that there are significant degradation for the PDSCH demodulation performance when the PDSCH is interfered by inter-cell CSI-RS interference.
c) Simulation results for inter-cell SSB interference when SSBs of serving cell and a neighbour cell collide with each other
Table 2 shows the serving cell PDSCH demodulation performance difference between with and without intel-cell SSB interference, where the SSB interference from neighbour cells will cause the inaccurate timing and frequency tracking for serving cell and thus would cause the PDSCH demodulation performance degradation.
Table 2: PDSCH performance difference due to impact on timing and frequency tracking between with and without inter-cell SSB interference
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The PDSCH performance difference is 1.8dB when PDSCH is scheduled with 64QAM (coding rate = 0.35) and the difference is 2.1dB when higher coding rate is scheduled (256QAM, coding rate = 0.75).
Therefore, we proposed to introduce PDSCH demodulation requirements with the following advanced receivers in Rel-17 NR demodulation performance enhancement WI:
· Candidate advanced receivers for cancelling or mitigating NR inter-cell reference signal interference:
· NR TRS-IM
· NR CSI-RS IM
· NR SSB-IM
Proposal 1: Add the following objectives in Rel-17 NR demodulation performance enhancement WI:
· Candidate advanced receivers for cancelling or mitigating NR inter-cell reference signal interference:
· NR TRS-IM
· NR CSI-RS-IM
· NR SSB-IM
Conclusion
In this paper, the views of inter-cell reference signal inference are provided. The following objectives for Rel-17 demodulation performance enhancement WI are proposed:
Proposal 1: Add the following objectives in Rel-17 NR demodulation performance enhancement WI:
· Candidate advanced receivers for cancelling or mitigating NR inter-cell reference signal interference:
· NR TRS-IM
· NR CSI-RS-IM
· NR SSB-IM
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