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1  Overall description
The revised WID on “Further enhancement on NR demodulation performance” was approved in RP-210920 at RAN #91e to add the objective on evaluating techniques to cope with CRS interference in scenarios with overlapping spectrum for LTE and NR.
Additionally, the following RAN plenary guidance was provided in RP-210906:
· 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)

As per the above RAN plenary guidance, RAN4 evaluated the performance of interference cell CRS-RM and CRS-IM schemes as well as the reference scheme without interference cell CRS handling in different typical scenarios in RAN4 #99e and RAN4 #100e meetings. The evaluation scenarios, assumptions and results are summarized as below:
Two typical network scenarios, including scenario 1 with LTE/NR DSS and scenario 2 with NR/LTE deployed in neighbouring BSs/areas, are covered. 15 kHz SCS and synchronous network are assumed in the phase I evaluation.
The inter-cell interference modelling methodology and interference profiles from LTE CRS-IM receiver in homogenous deployments are reused. INR-i (signal level of the i-th dominant interference over Noc) is used as the interference power measure, and two dominant interferers are explicitly modelled in the simulation.
The MMSE-IRC receiver is used to suppress the inter-cell interference for the reference scheme without interference cell CRS handling and the CRS-RM schemes. Three different CRS-RM schemes, including CRS-RM for 1 interference cell always with the strongest interference, CRS-RM for 1 interference cell not always with the strongest interference (optional), and CRS-RM for 2 strongest interference cells, are evaluated.
For CRS-IM schemes, interference cell CRS-IM is used together with MMSE-IRC receiver, and CRS-IC and LLR weighting are considered as two different implementations of CRS-IM.
PDSCH link-level simulations are performed to evaluate the performance gain of CRS-RM and CRS-IM schemes over the reference scheme without interference cell CRS handling. 8 simulation cases with different network scenarios, Rx antenna numbers and MCS levels are included, and 7 CRS interference handling schemes in addition to the reference scheme are evaluated for each simulation case. The simulation results for 15 kHz SCS and synchronous network can be summarized as follows:
•	In Scenario 1 with LTE and NR DSS:
-	For Rel-16 CRS-RM for 1 interference cell always with the strongest interference (Scheme #1), the average gain over the reference scheme is 1.3 dB ~ 1.8 dB for different simulation cases.
-	For Rel-16 CRS-RM for 1 interference cell not always with the strongest interference (Scheme #2, Optional), there is no obvious gain over the reference.
-	For Rel-15 RB symbol level CRS-RM for 2 interference cells (Scheme #3), the average gain over the reference scheme is 1.6 dB ~ 1.9 dB for MCS 4, and there is no obvious gain for MCS 13 over the reference.
-	For CRS-IM using CRS-IC with and without NW assistant signaling (Scheme #4 and #5), the average gain over the reference scheme is 3.1 dB ~ 3.7 dB for different simulation cases.
-	For CRS-IM using LLR weighting with and without NW assistant signaling (Scheme #6 and #7), the average gain over the reference scheme is 2.1 dB ~ 3.7 dB for different simulation cases.
•	In Scenario 2 with NR and LTE deployed in neighbouring BSs/areas:
-	For interference cell CRS-RM schemes, the PDSCH TBS and maximum achievable throughput is different from the reference scheme and depends on the number of PDSCH symbols per slot.
-	For CRS-IM using CRS-IC with and without NW assistant signaling (Scheme #4 and #5), the average gain over the reference scheme is 2.3 dB ~ 2.6 dB for different simulation case.
-	For CRS-IM using LLR weighting with and without NW assistant signaling (Scheme #6 and #7), the average gain over the reference scheme is 1.3 dB ~ 2.9 dB for different simulation case.
RAN4 initial observations from link-level evaluation results based on agreed simulation assumption:
•	CRS-IC with the assumption of NW signaling can achieve better performance compared to RM scheme 1. 
•	CRS-IC without NW assistant signaling achieve similar or lower performance compared to CRS-IC schemes with the assumption of NW signalling.
•	LLR weighting with the assumption of NW signaling can achieve better or similar performance compared to RM scheme 1.
•	LLR weighting without NW assistant signaling achieve similar or lower performance compared to LLR weighting with the assumption of NW signalling.
•	Note: RM scheme 1 is under the assumption that RM always applied for the strongest interference cell. 
In addition, RAN4 initial observations for LTE cell impact with Rel-15/16 RM for interference cell CRS:
•	Due to RM applied in interference cells, the CRS REs and data REs under LTE cells will observe different interference level with SINR offset.
-	Based on the INR levels used for RAN4 link-level simulation, for UE at 5%-tile geometry, the delta of SINR observed at CRS RE and data RE is 5.86 dB and 11.75 dB for one dominant interference cell CRS-RM and two interference cell CRS-RM respectively.
-	Based on the system level simulation for ISD of 1000m from one company in R4-2115629, the average delta of SINR observed at CRS RE and data RE is ~2.5 dB to ~4.5 dB for one dominant interference cell CRS-RM and two interference cell CRS-RM respectively.
•	The interference mismatch among CRS REs and data REs may bring impact on LTE cells considering the following aspects:
-	LTE CQI/RI/PMI is computed based on CRS for TM 1-8 and certain configuration of TM9 (when the parameter pmi-RI-Report is not configured by higher layers for TM9).
-	CRS is used for LTE PDSCH demodulation processing for TMs 1-6.
-	LTE RSSI is measured only from OFDM symbols containing CRS port 0 of measurement subframes unless indicated otherwise by higher layers, and it can be measured from all OFDM symbols of the DL part of measurement/indicated subframes if indicated by higher layers. LTE RSRQ is calculated based on RSRP and RSSI.
•	The following NW implementation solutions were provided by one company to address above LTE cell impact and the feasibility of such solutions from network implementation perspective needs further discussion:
-	Transmit signal energy in rate-matched REs on top of rate matching. This signal energy could be NZP CSI-RS, random data, copy of PDSCH data or some other signal.
Note: more detailed descriptions on the evaluation assumptions and results can be found in TR 38.833 v0.1.0 in R4-2112224.
RAN4 discussed whether network assistance signaling is needed for interference cell CRS-IM, with no consensus reached yet.
RAN4 concluded that PDSCH processing procedure time defined in TS 38.214 clause 5.3 will not impacted by using CRS-IM with LLR weighting, and it is FFS whether it will be impacted by using CRS-IM with CRS-IC.
Based on these evaluations, RAN4 recommends to define NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR in Rel-17:
•	Use LLR weighting as baseline reference receiver, and further discuss the feasibility of CRS-IC receiver taking into account the UE complexity and PDSCH processing time.
•	Synchronous network scenario is prioritized. The asynchronous network scenario will be discussed after RAN #93e meeting.
•	15 kHz SCS for NR is prioritized. The 30 kHz SCS scenario will be discussed after RAN #93e meeting.
•	RAN4 will further discuss the necessity of network assistance signaling and UE capability signaling during requirements definition phase.

2  Actions
To 3GPP RAN:
ACTION: RAN4 respectfully request RAN plenary to take the above RAN4 recommendation into account and to add the follow-up normative phase on neighbouring cell CRS-IM for NR PDSCH.
3	Dates of next TSG RAN WG4 meetings
3GPP RAN4 #101e			01 – 12 Nov 2021				Electronic Meeting
[bookmark: _GoBack]3GPP RAN4 #102 			21 – 25 Feb 2022		        	Athens, GR

