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Introduction
During the RAN4#99-e meeting, good progress was made on the topic of “Evaluation on CRS interference in scenarios with overlapping spectrum for LTE and NR”. It was agreed for companies to do further simulations based on the requirements given in the corresponding WF [2].
[bookmark: _Hlk76719067]Some remaining issues are captured in the WF. Two major open topics being:
· Baseline RM scheme for performance comparison with PDSCH CRS-IM
· Simulation Case B – FFS whether to consider it for performance requirement definition 
· Assumption on CRS-IM
· FFS NW assistant information existed or not, companies are encouraged to bring analysis with different options.
Discussion on open issues
In this contribution we will express our views on the captured open issues.
[bookmark: _Ref79135367]Baseline RM scheme and dynamic interference modelling
During the RAN4#99e meeting there were discussions regarding the baseline RM scheme for performance comparison with PDSCH CRS-IM.
The corresponding WF [2] suggests two basic scenarios:
Scenario 1: LTE and NR DSS: 
· Rel-15 serving cell CRS-RM
· Rel-16 CRS-RM for 1 interference cell
· Rel-15 RB symbol level RM for 2 interference cells 

Scenario 2: NR and LTE deployed in neighbouring BS/areas
· No RM
· Rel-15 CRS-RM for 1 interference cell
· Rel-16 CRS-RM for 2 interference cells




For above scenarios two cases are suggested in the WF [2]:
	· For scenario 1 with LTE and NR DSS: 
[…]
· Rel-16 CRS-RM for 1 interference cell
· Case A: the 1 interference cell with RM is always the first dominant interference, i.e., INR1
· Case B: the 1 interference cell with RM is NOT always the first dominant interference. Interested companies can provide simulation results for Case B.
· e.g., INR of the 1 interference cell with RM is INR1 or INR2 with 50%: 50% probability. If the INR for the interference cell with RM is INR1, then the INR for the other interference cell is INR2, and vice versa. The INR levels for the two interference cells can be changed per [1000] slots. 
· The above example for Case B is optional, and other options for Case B are not precluded. 
· Case B is for initial simulation only, and FFS whether to consider it for performance requirement definition. 
[…]
· For scenario 2 
[…]
· Rel-15 CRS-RM for 1 interference cell
· Case A: the 1 interference cell with RM is always the first dominant interference, i.e., INR1
· Case B: the 1 interference cell with RM is NOT always the first dominant interference. Interested companies can provide simulation results for Case B.
· e.g., INR of the 1 interference cell with RM is INR 1 or INR2 with 50%: 50% probability. If the INR for the interference cell with RM is INR1, then the INR for the other interference cell is INR2, and vice versa. The INR levels for the two interference cells can be changed per [1000] slots. 
· The above example for Case B is optional, and other options for Case B are not precluded. 
· Case B is for initial simulation only, and FFS whether to consider it for performance requirement definition. 
[…]



During the discussion in RAN#4 99e [2] it was agreed that companies would do simulations for case A and interested companies could do simulations for Case B. Hence Case B is open for further discussion in RAN4#100-e.
For CRS-RM the serving cell scheduler uses a RM algorithm to puncture resource elements carrying LTE CRS of
1.  the cell itself when it additionally supports LTE, 
2.  and/or to one or more (up to two in Rel 16) neighboring cells. 
The network signals the required semi-static information/configuration to the NR UE to inform it with the CRS reserved resources, and the NR PDSCH is rate matched around those reserved resources. 

In practical mobility scenarios the UE will experience changing interference conditions due to line of sight path changes. Such line of sight path change can for example occur when the UE is moving around or in situations where external factors will block the line of sight of the dominant interferer making another non-CRS-RM interferer the dominant one. Another example could be that an external factor was blocking the UE from being exposed to a line of sight of a strong non-CRS-RM interferer then this factor disappears.
In such cases, the network cannot dynamically ensure CRS-RM for the dominant interferer.
Case A covers a static interference scenario, while case B can be understood to model, for example, a mobility scenario where interference conditions change dynamically.
The network configuration for CRS-RM is semi-static and RM cannot always be guaranteed for the dominant interferer in practical scenarios.

These observations lead us to the following proposals:
Include mobility in the CRS-RM simulations. Case B can serve as a starting point for discussion, to find a compromise that includes mobility modelling with dynamic interference. I.e., dynamic change of dominant interferer conditions.
[bookmark: _Hlk79139827]Based on simulations and feedback from companies for case A and B, decide the mobility/dynamic interference scenarios for the performance requirement definition.

Network assistance signaling for CRS-IM
At RAN#91-e [3], it was agreed that RAN4 shall evaluate candidate IM reference receiver to enable neighboring cell CRS-IM:
	[bookmark: _Hlk79157360]UE demodulation and CSI reporting requirements:
[…]
· 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.
[…]



Issue was discussed in RAN4#99-e and captured in the email summary [1]. The discussion did not provide a conclusion and a FFS was defined in the WF [2]:
	· Assumption on CRS-IM
[…]
· FFS NW assistant information existed or not, companies are encouraged to bring analysis with different options.



Over the last meetings significant resources were spent on discussing the issue. Following the comprehensive treatment of this matter in RAN4, we agree with the opinions voiced in [1] that we first need to evaluate the performance of CRS-IM. It seems excessive at this point to potentially impose a network signaling assistance scheme on the NR system, without having verified that this complication is warranted in terms of performance gains and implement ability.
Furthermore, if CRS-IM shows clear performance benefits we should avoid solutions having RAN1 impact, as noted in the WID [3].
At RAN#91-e [3], it was agreed that RAN4 shall evaluate candidate IM reference receiver to enable neighbouring cell CRS-IM with priority given to solutions not having RAN1 specification impact.
As we discussed in 2.1 the static and dynamic interference scenario justifications hold for the CRS-RM. Similarly the same applies for CRS-IM hence we have the following observation:
Aligned simulation results are needed to evaluate the performance for CRS-IM for static and dynamic interference scenarios.

These observations lead us to the following proposals:
Analyse baseline performance results for CRS-IM, in both dynamic and static interference conditions. Decide based on these results, whether or not to consider CRS-IM.
If CRS-IM is considered, then evaluate the benefits of solutions with/without network assistance.

Conclusion
In this contribution we have provided our views on various open issues with relation to including/re-defining the Case B Simulation. The intention is to make sure dynamic interference scenarios are considered with higher priority.
We have made the following observations and proposals:

Baseline RM scheme and dynamic interference modelling
1. Case A covers a static interference scenario, while case B can be understood to model, for example, a mobility scenario where interference conditions change dynamically.
1. The network configuration for CRS-RM is semi-static and RM cannot always be guaranteed for the dominant interferer in practical scenarios.
1. Include mobility in the CRS-RM simulations. Case B can serve as a starting point for discussion, to find a compromise that includes mobility modelling with dynamic interference. I.e., dynamic change of dominant interferer conditions.
1. Based on simulations and feedback from companies for case A and B, decide the mobility/dynamic interference scenarios for the performance requirement definition.

Network assistance signaling for CRS-IM
At RAN#91-e [3], it was agreed that RAN4 shall evaluate candidate IM reference receiver to enable neighbouring cell CRS-IM with priority given to solutions not having RAN1 specification impact
Aligned simulation results are needed to evaluate the performance for CRS-IM for static and dynamic interference scenarios.
Analyse baseline performance results for CRS-IM, in both dynamic and static interference conditions. Decide based on these results, whether or not to consider CRS-IM.
If CRS-IM is considered, then evaluate the benefits of solutions with/without network assistance.
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