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Introduction
In the RAN#91-e meeting, discussion summary in [1], meeting report in [4] the topic of “CRS interference in scenarios with overlapping spectrum for LTE and NR” was extensively discussed, ultimately resulting in a revised WID for “Further enhancement on NR demodulation performance” [3], that asked RAN4 to evaluate various mitigation techniques for this issue in WG4:
	· 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.



Additionally, the following RAN plenary guidance was provided in RAN#91 [1]:
	· [33][CRS_IC_DSS]
· 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)
· Initial Tdoc for approval: RP-210769 à RP-210920 Approved.



Following RAN4#100-e, WG4 has provided the results of this evaluation in an LS to RAN#93-e [5].
In this contribution we will present Nokia’s accompanying views to provide context to this LS.

Interpretation of PDSCH link-level simulation results
The following text is a quote from the RAN4 LS to RAN [5]:
	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. 



Our observations of the scenarios and the results and their relation to network assistance signalling and network operation in general is that
a) CRS-IM (both IC and LLR-weighting) and CRS-RM of one interfering LTE CRS pattern can both mitigate the neighbour LTE CRS interference
b) The level of network assistance on the schemes are very similar: Information of the presence of the CRS interference and the location of the interfering CRS REs (and potentially the CRS sequence in case of cancellation).
c) RM of two interfering cells’ LTE CRS (with different Vshifts) in addition to RM of the own cell’s LTE CRS is equivalent to RM of the full symbol.  

Observations for LTE cell impact
In the LS the potential impact of CRS interference mitigation techniques on the NR side on the LTE cell performance is highlighted. Especially CRS-RM is observed to potentially have impact on LTE UE KPIs, but potential implementation solutions are also mentioned [5]:
	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.



Nokia agrees that the interference profile mismatch between LTE CRS REs and data REs, when CRS-RM is used in the NR cell, can have a substantial LTE UE performance impact; assuming certain gNB implementations. 
In our opinion it is feasible for the NR gNB to resolve the interference profile mismatch between LTE CRS REs and data REs, by transmitting a signal in the RM’ed REs as mentioned in the above extract from the LS. The scheduling overhead and transmit power consumption of such solutions seems rather negligible as it would be equivalent to the case of no RM for LTE CRS interference being performed, and no 3GPP specification or requirements stand in the way of such solutions. However, since such solutions would not be mandated on the network side, there is a risk that some gNB implementations would result in CRS-RM causing a significant adverse impact on LTE performance. 
Therefore, a CRS-IM based solution as recommended in [5] seems preferable.
Proposal 1: The focus should be on CRS-IM solutions as recommended in [5]

Network assistance signaling
The question of network assistance (NWA) for CRS-IM was debated repeatedly at RAN4#100e, but no consensus was reached [5]:
	RAN4 discussed whether network assistance signaling is needed for interference cell CRS-IM, with no consensus reached yet.



The entities contributing performance evaluations to RAN4#100e have mostly assumed very diverse degrees of NWA; from no NWA to perfect real-time NWA, all degrees seem to be represented. This complicates the interpretation and alignment of the presented link level simulations.
It is difficult to resolve the question of the need for NWA without first defining which degree of NWA is being discussed.
The only relevant NWA that currently exists is that provided for Rel-15/Rel-16 CRS-RM. Therefore, in order to facilitate further discussion in RAN4, we recommend assuming a degree of NWA for CRS-IM that is similar to the degree required for Rel-15/Rel-16 CRS-RM; this seems like a good baseline and the only fair comparison with CRS-RM solutions.

Proposal 2: In order to decide whether network assistance support is defined for CRS-IM, assume assistance similar to that provided for Rel-16 CRS-RM with two RM patterns.



Conclusion
For the next steps on LTE CRS interference handling:
1. [bookmark: _Hlk81833246]The focus should be on CRS-IM solutions as recommended in [5].
2. [bookmark: _Hlk81833325]In order to decide whether the network assistance is defined for CRS-IM, assume assistance similar to that provided for Rel-16 CRS-RM with two RM patterns.
The remaining question for RAN#93e is to decide on the timescale for such work, considering the limited remaining time for Rel-17 and the overload situation in RAN4. 
The results provided by RAN4 show that decent performance gains are provided even without network assistance. 
Therefore, we propose:
1. In Rel-17, RAN4 to define NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR using LLR weighting as the baseline reference receiver, without network assistance.
2. In Rel-18, in conjunction with the ongoing discussions on possible DSS work, analysis of the need for network assistance is conducted, assuming network assistance similar to that provided for Rel-16 CRS-RM.
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