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Introduction
During the last RAN4#100-e meeting, good progress was made on the topic of “CRS interference handling in scenarios with overlapping spectrum for LTE and NR”. It was agreed to send LS [3] to RAN#93e with recommendations on how to continue for phase II. 
The LS were further discussed heavily in RAN#93e, which resulted in an updated objective for phase II [4] as no consensus could be made regarding the need for network assistance signalling.
RAN4 chair have nicely provided a summary for RAN4 from RANP 93e. Following is taken from the summary related to the issue [93e-25-CRSIntfHandling]:
	[93e-25-CRSIntfHandling]
· The email summary RP-212635 is noted
· CRS-IM performance requirements for DSS
[…]
·  conclusion: proposal of section 5.4 of RP-212635 is endorsed (see also RP-212636):
· Add the following phase II objective in Rel-17 WID on "Further enhancement on NR demodulation performance":
· Define NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR:
· Use LLR weighting as baseline reference receiver.
· Focus on synchronous network scenario.
· 15 kHz SCS for NR is prioritized.
· Other aspects will be further discussed in RAN4 and RAN #94e.
· Note: The 30 kHz SCS scenario will be discussed after RAN #94e meeting.
· RP-212636, i.e., Revised WID: Perf. part: Further enhancement on NR demodulation performance China Telecom, was approved.
NOTE: Other aspects include feasibility of CRS-IC receiver, and necessity of network assistance signaling and UE capability signaling




RANP 93e updated the Phase II wording as follows from the revised WID:


	Phase II: Define NR PDSCH demodulation requirements for neighbouring cell LTE CRS-IM in scenarios with overlapping spectrum for LTE and NR
· Use LLR weighting as baseline reference receiver.
· Focus on synchronous network scenario.
· 15 kHz SCS for NR is prioritized.
· Other aspects will be further discussed in RAN4 and RAN #94e.
Note: The 30 kHz SCS scenario will be discussed after RAN #94e meeting.



For the RAN4#101e meeting the following is on the agenda:
	8.12.2.3	CRS-IM receiver in scenarios with overlapping spectrum for LTE and NR    	[NR_demod_enh2-Perf]
8.12.2.3.1	Receiver assumption	 [NR_demod_enh2-Perf]
8.12.2.3.2	Necessity of Network assistant signaling	 [NR_demod_enh2-Perf]
8.12.2.3.3	Test set-up 		[NR_demod_enh2-Perf]



In this contribution we will express our views on the issue of “Necessity of Network assignat signalling” and open new discussions, if necessary.


Discussion on open issues
Here we discuss open issues, as are left over from the last meeting.
Necessity of Network assistant signaling
Network assistance (NWA) has been heavily discussed throughout the last RAN meetings (RAN4#99e, #100e + RAN#93e) without achieving consensus between companies. Companies can agree, that information from the interference LTE cells are required to achieve CRS-IM with a good result. The main disputes are how to achieve the interfered UEs have knowledge about the CRS interference.
Three ways to achieve which has been brought up during the last meetings:
· No NWA [eg. Using Blind detection]
· Lightweight NWA + blind detection of remaining required information
· Full NWA
The main concerns from companies about not having NWA with relation to detecting the required CRS information from the interferer are 
· Complexity in implementation
· Power consumption
· How to determine when to enable CRS-IM (i.e., when it is required to have the required CRS information)
Two scenarios have been discussed during the latest RAN4 meetings (see RAN4#100e WF [12]) and further discussed in our contribution for RAN4#101e [6]:

	· [bookmark: _Hlk85795990]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. 
[…]


Following are issues open for discussion after RAN4#100-e was provided in the WF [2]:
	· Candidate options 
· Option 1: Introduce network assistance on neighbour cell LTE configuration
· Option 2: Do not consider network assistant information.
· Further discuss the model with and without NW signalling in phase II (if needed).




Nokia maintains the position from RAN#93e, that the UE can obtain what is needed by blind detection and that the interfering cell’s frame timing and MBSFN subframe configuration could be inferred from the serving cell, leaving only the CRS v-shift and number of CRS ports to be detected, which should be straightforward. 
During the discussions in RAN#93e companies generally acknowledged, that for scenario 1 where DSS is available, most of the required configuration information would be available for the UE as part of the RM (DSS). It was a general consensus, that remaining information can be found without NWA.
For scenario 2 it is understood that no CRS information from interfering cells will be available for the NR UE as DSS is not part of scenario 2. However, it is at this time not fully understood how widespread scenario 2 actually is and the impact of requiring blind detection for scenario 2 compared to introducing NWA has to be further discussed. 
To ensure low RAN4 impact as proposed in [6], the requirements should initially be done with LLR Weighting using scenario 1 as baseline. In this scenario the RM feature will already provide relevant information to the NR UE enabling the NR UE to run CRS-IM without use of NWA when using LLR Weighting and with no need of blind detection of missing parameters.
Hence, we observe:
Scenario 1 does not require NWA for LLR Weighting as the required information is already available to the UE when in a DSS serving cell scenario. 
The extent of the deployment of scenario 2 is unclear and optimizing for it may not be practical. 
This leads to the following proposals:
1. LLR Weighting does not require NWA, at least for scenario 1 (LTE and NR DSS)
RAN4 should focus on scenario 1 (LTE and NR DSS) at least until scenario 2 impact is clarified.
Parameter Selection
As discussed in our contribution on receiver assumptions [6] companies have provided a set of parameters required for CRS-IM, which has to be available to the NR UE to enable CRS-IM. 
Hence, we observe:
Companies have provided a set of parameters required for CRS-IM which has to be available to the NR UE. This set can be used as baseline for further discussion into the need for NWA.
This leads to the following proposal:
Use the provided set of parameters required for CRS-IM as baseline for further discussion into the need for NWA.
Misdetection
Some companies have included misdetection in the simulations on how blind detection might impact the effectiveness of CRS-IM compared to using NWA. It is our opinion, that if interference is strong enough to significantly impact performance, then blind detection of its parameters should have a rather high success rate. As such, we expect the blind detection to be robust with a few detection errors in the relevant interference scenarios.
Hence, we observe:
CRS-IM will only be effective when handling high interference, hereby it can be assumed that blind detection will work without degradation of the detected CRS information, as the interferer can be detected with high accuracy.
This leads to the following proposal:
Do not include misdetection in the requirement for CRS-IM when using blind detection.


Conclusion
In this contribution we have provided our views on various open issues with relation to the need for Network Assistance signaling for CRS-IM scenarios. We make proposal to not define requirements for NWA and not include misdetection in the requirements if using blind detection.

We have made the following observations and proposals:

Necessity of Network assistant signaling
1. Scenario 1 does not require NWA for LLR Weighting as the required information is already available to the UE when in a DSS serving cell scenario. 
1. LLR Weighting does not require NWA, at least for scenario 1 (LTE and NR DSS)
1. The extent of the deployment of scenario 2 is unclear and optimizing for it may not be practical. 
RAN4 should focus on scenario 1 (LTE and NR DSS) at least until scenario 2 impact is clarified.
Parameter Selection
Companies have provided a set of parameters required for CRS-IM which has to be available to the NR UE. This set can be used as baseline for further discussion into the need for NWA.
Use the provided set of parameters required for CRS-IM as baseline for further discussion into the need for NWA.
Misdetection
CRS-IM will only be effective when handling high interference, hereby it can be assumed that blind detection will work without degradation of the detected CRS information, as the interferer can be detected with high accuracy.
Do not include misdetection in the requirement for CRS-IM when using blind detection.
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