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Introduction
During the last RAN4#101-e meeting, good progress was made with relation to defining a default network configuration assumption in relation to the topic of LLR Weighting.
In addition, it was agreed, that if network does not conform to the assumed configuration, it can inform the UE, that the assumed configuration is not used.
Based on the discussions in the previous meetings it is our understanding that the intend is for the UE to do one of the following:
1. Disable CRS-IM completely, as it does not have the required information to support CRS-IM.
2. Detect/measure the required parameters and enable CRS-IM
3. If a level of NWA is supported, possible detect the parameters not directly provided by NWA and enable CRS-IM using the combined information from NWA and own detected parameters.
The level of NWA was also discussed; however, no agreement was made on this issue yet.
CRS-IC was also discussed in RAN94e with a decision to not include CRS-IC in the RAN4 discussions for Rel.17.
In the following sections we will discuss the remaining open issues and provide our observations and proposals to progress the topic of necessity of network assistant signalling.
[bookmark: _Hlk88742629]
Discussion on open issues
Here we discuss open issues, as are left over from the last meeting.

[bookmark: _Ref92400653]Parameters needed for LLR weighting
The following agreements and open issues concerning the required information to enable LLR weighting reception, were captured in the last meeting WF [1].
	Parameters needed for LLR weighting
1. Enable CRS-IM receiver (LLR weighting), below parameters/information needed:
· The presence of CRS information including: the presence of LTE cell, MBSFN configuration, [CRS muting information] if configured
· CRS location information including: LTE carrier frequency, bandwidth, v-shift, CRS port number
· FFS CRS sequence information needed or not which including: Cell ID, [slot number within radio frame information]
2. FFS how UE can obtain above parameters which can be discussed in case by case manner also depending on deployment scenarios with below candidate alternatives  
· UE detection 
· NWA signaling including existing signaling or new dedicated signaling
· Following some specific assumption under certain conditions/scenarios 
3. Companies are encouraged to bring simulation results for LLR weighting with and without CRS sequence. Based on performance comparison, RAN4 plan to draw conclusion whether CRS sequence information needed or not in Jan 2022 RAN4 meeting.
4. The complexity and power consumption impact also need to be considered when RAN4 make decision. 
5. Interested companies can bring simulation result based on the assumption without and with knowledge of number of CRS ports
· 2Tx ports configured
· Simulated cases:
· Case 1: UE assuming 4Tx ports 
· Case 2: UE aware of 2Tx ports
· Case 3:  UE blind detection of number of Tx ports 
· Target test metric:
· Detection success rate
· Throughput performance 
· Power difference (optional)
· Interference cell PDSCH loading level: 20%
· For the other necessary parameters, reuse the assumption in Phase I evaluation.

6. For power difference: Interested companies can bring simulation output for power difference between symbols with and without CRS REs) for the detection of number of CRS ports.
· Assuming 2 CRS and 4 CRS ports are transmitted respectively, simulate the power difference for the 3 categories of symbols:
· Category A: Symbols with CRS port 0/1 in PDSCH region, i.e., symbols #4/7/11
· Category B: Symbols with CRS port 2/3 in PDSCH region, i.e., symbols #8
· Category C: other PDSCH symbols without CRS, i.e., symbols #3/5/6/9/10…
· Up to company whether the power is averaged among the symbols within the same category.
· Simulation output: power difference




CRS Sequence
At this time, it is still unclear if CRS sequence is required for LLR Weighting. For a UE to be able to calculate the CRS sequence it would require the PCI, Slot of the interference cell. In this case, the UE should determine this information on its own without support from the network.
It is not clear, if using the CRS sequence will improve LLR Weighting and if so, with how much.
Do not include the CRS sequence as parameter for LLR Weighting and in case UE requires the CRS sequence, the UE must determine it on its own.
CRS Ports
The number of ports defined, will directly impact the number of REs which are mitigated. In case more REs are mitigated than actually are impacted by CRS (number of mitigated ports greater than actual number of impacted ports), it will be expected to degrade the performance since LLR Weighting will be applied on REs which are not interfered by CRS. In case less REs is mitigated upon, it will still improve performance however not to the optimal level.
Assumption: If number of CRS ports used for CRS-IM by the UE is higher than the actual number of ports used by the network, the performance of the UE might be degraded compared to not using CRS-IM. If the number of CRS ports used for CRS-IM by the UE is lower than the actual number of ports used by the network, the performance of the UE will likely improve, however not to the optimal level.
Use 1 or 2 CRS ports as default unless simulations provided in this meeting show otherwise.

How UE can obtain above parameters which can be discussed in case by case manner also depending on deployment scenarios with below candidate alternatives
Nokia maintains the view that the UE is able to blindly detect all needed parameters, we acknowledge, that the impact on the UE will be noticeable. To reduce this, it was agreed to define a default assumed configuration for the network which we see as an important initial agreement. In case the default assumed configuration is not setup in a given network, it was agreed to have a signalling to inform the UE about the deployed not conforming to the default agreed assumptions. The UE is expected to not do CRS-IM in this but blind detection or other schemes are not precluded on UE side.
A simple way to inform the UE about the network configuration in case network does not conform to the agreed default assumptions, can fulfil the agreements from last meeting.
Unless informed by the network, the UE should follow assumed condition/scenarios as default. 


Assumptions on the network configuration: Part I (excluding CRS port number)
In RAN4-101e it was decided to have a default assumption of the network configuration which UE can use unless otherwise informed by the network. It is still not agreed, how the network will inform the UE about differences with relation to the default assumed parameters. The agreement and FFS were captured in the WF [1]. 
	Assumptions on the network configuration: Part I (excepting CRS port number)
For scenario 1 and 2, by default, UE follow below assumption of Network configuration for CRS-IM receiver
· no CRS muting, 
· MBSFN configuration same as serving cell for scenario 1; NO MBSFN configuration for scenario 2
· Channel bandwidth and centre frequency aligned for the serving and neighbouring cells for scenario 1
If above assumption not aligned with NW configuration: 
- Network can inform to UE by NWA signalling. FFS for the details of NWA signalling 
· It’s Network decision whether need to be informed to UE even the network configuration not aligned with default assumption. From network perspective, if such information conveys to UE, network expect UE should not follow the default assumption. 
- FFS whether UE blind detection can be considered as candidate UE receiver. If such UE capability introduced, separate UE capability signalling need to be introduced for UE receiver without blind detection 



Blind detection of the needed parameters is possible for a UE, however UE vendors have argued, that UE doing full blind detection can be challenging with relation to time and power consumption. The following can be derived from the FFS:
1. There need to be a way for the operator to inform the UEs in case the default configuration cannot be assumed.
2. If blind detection cannot be performed by the UE without significant impact to time and power consumption, some level of NWA might be needed.
During the previous discussions, it has been agreed, that a default configuration can be assumed by the UE, unless otherwise informed by the network. With this decision it is still not agreed, if in case the default settings are not used, how the UE would possibly determine the needed parameters and still have the option to use/enable  CRS-IM.
UE vendors have argued that UE doing full blind detection can be challenging for the UE implementation with relation to time and power consumption.
In case Network does not conform to the default configuration assumptions, the network can inform the UE. If not informed, a UE might enable CRS-IM based on the default configuration assumptions. UE performing CRS-IM using invalid parameters would see performance degrades, which might not be acceptable.
RAN4 to propose means for the network to ensure UE is aware if the network does not conform to the default configuration assumptions. This could be by RAN4 proposing RAN2 to define a new message with this information. The content level of the message is still to be decided.

Assumptions on the network configuration: Part II (CRS port number)
The handling of the CRS port number was specifically discussed for scenario 1 in the last RAN4 meeting. The following were captured in the WF [1].
	Assumptions on the network configuration: Part II (CRS port number)
1. On CRS port number in scenario 1:
· Option 1: The same number of CRS ports in the serving and neighbouring cells 
· Option 2: The number of CRS ports in the serving and neighbouring cells can be different 
· To be decided in the next meeting



The number of CRS ports used by individual LTE cells is decided by the network operator. If the operator cannot secure the same number of CRS ports across the network, the default setting should be at a level, which provides the best performance improvements of CRS-IM when utilizing the default value. See also our comments in section 2.1.
To simplify the level of NWA, the network configuration should target the same number of CRS ports are used across the network.
Proposal 1: Assume the number of CRS ports used in serving and neighbouring cells are the same (option 1).

How could UE obtain the identified parameters if not signalled by the network
One of the main discussion points during the RAN#4-101e was how the UE would obtain the identified parameters in case they are not signalled by the network. There was no agreement on this point as seen in the WF [1].
	How could UE obtain the identified parameters if not signalled by the network
Option 1: By inter-RAT measurement, PBCH decoding
Option 2:
· For scenario 1, by the configuration of serving cell CRS-RM
· For scenario 2, by the configuration of 7.5KHz shift and inter-RAT MO
Further discuss the related technical aspects (the listed options under each technical aspect, i.e., the blue text, are ONLY for information):
· Whether inter-RAT MO can be always configured
· Option 1: Up to BS implementation 
· Option 2: Can always configure the inter-RAT MO if neighbour EUTRA cell exists. 
· Option 3: Configured for UE under neighbouring LTE interference
· Question: Can we agree that UE will not need to perform CRS-IM if LTE MO is not configured?
· Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
· Option 1: UE will perform the LTE measurements only when the RSRP/RSRQ of the serving cell is lower than a certain threshold configured by the NW
· The threshold is signalled as s-MeasureConfig in IE MeasConfig
· Option 2: The threshold is configured by network and not always be configured 
· Option 3: Yes, and it is nothing to do with the threshold (no reporting). It is based on the RRM requirements that Inter-RAT LTE measurement is performed right after receiving the inter-RAT MO.
· Whether PBCH decoding is always possible in inter-RAT measurement
· Option 1: Cannot guarantee that subframe #0 with LTE PBCH is within the measurement gap. 
· Option 2: Up to BS configuration, e.g., proper setting of gap offset
· On centre frequency and bandwidth of LTE carrier for scenario 2:
· LTE center frequency: by inter-RAT MO 
· LTE carrier bandwidth: 
· Option 1: By power comparison. The number of channel bandwidth configuration is limited to 6 in LTE. By using LLR weighting, first, UE can measure the RE/RB power assuming the bandwidth is 20MHz, and then calculate the power difference with the assumption of 6 possible CBW configurations, last, find the largest CBW with considerable power difference as the LTE channel  bandwidth.
· Option 2: Decode LTE PBCH
· Option 3: Estimate the CRS power per certain PRB bundling size
· How to blindly detect the MBSFN configuration (if needed)
· Option 1: PBCH decoding is not enough, and UE will need to decode SIB2 to get MBSFN configuration.




InterRAT MO is a valid and already existing way for a UE to obtain information about interferers. If InterRAT-MO is configured, there is a high likelihood that gNB has seen degradation in the UE communication and wants to know about the interference situation. This would also be the case if the CRS-IM efficiency is reduced due to UE mobility resulting in a change in the dominant interferer.
In a well configured network it can be assumed, that InterRAT MO will only be enabled when required due to reduced signal quality. When enabled by the network, the UE can use the InterRAT MO measurements to determine missing parameters for CRS-IM. 
Option1 and option 2 seems both to be possible but incomplete ways for the UE to obtain the identified parameters. For example, further down we will argue, that option 1 represent a strong constraint for the NW scheduling. However, neither option 1 nor option 2 can stand alone in all deployment and scheduling conditions. 
Both option 1 and option 2 can form a baseline for detecting the “unidentified” parameters for most deployments.

Further discussion on the related technical aspects
In the following we will go through all the informative options/questions for each technical aspect.

Whether inter-RAT MO can be always configured
The configuration of the InterRAT MO shall be fully controlled by the network as operators will be aware when InterRAT MO is required. New measurement gaps are currently being discussed for rel.17, and RAN4 could analyze the new measurement gaps with focus on using InterRAT MO for CRS-IM.
The network is already aware when InterRAT MO is required based on UE signalling. This would also apply in case of LTE interference. Whether InterRAT MO is enabled shall be decided by the BS implementation (Option 1).

Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
It can be assumed in a well configured Network, that the network will only configure the InterRAT MO when needed. Due to this InterRAT MO is most likely enabled when at cell edge, to handle dynamic environment changes.
It can be assumed, that a well configured network will only configure the InterRAT MO when needed. Enabling of InterRAT MO are not related to a specific threshold in the UE. The InterRAT measurements shall be done by the UE when enabled by InterRAT MO without any threshold.

Whether PBCH decoding is always possible in inter-RAT measurement
It is not to be expected, that the network will guarantee PBCH can be decoded during InterRAT measurements. 
It is a strong constraint on the NW scheduling to always guarantee PBCH can be decoded during InterRAT measurement gaps. The network is not required to ensure that PBCH is placed in the InterRAT measurement gap.

On center frequency and bandwidth of LTE carrier for scenario 2
For the question of interference and its mitigation, we are only interested in LTE CCs that are overlapping with the NR BWP. The center frequency is known via InterRAT MOs and the overlapping bandwidth can be known by either PBCH demodulation or, if not possible, by power measurements.
Default assumed network configuration would be expected to be the same center frequency and bandwidth for all LTE cells. If this is not the case InterRAT MO can be used to determine the center frequency for the interference cells and the bandwidth can be known by either PBCH demodulation or, if not possible, by power measurements.

Whether to introduce network assistance signalling
The question of whether to introduce network assistance signalling was discussed heavily during the last RAN4 meetings. Companies have provided several options for this with different complexity as seen in the WF [1].
	Whether to introduce network assistance signalling
1. Option 1: Introduce network assistance on neighbour cell LTE configuration
· Option 1A: NW signaling include LTE presence, location and sequence 
· Option 1B: NW signaling include number of CRS ports and cell id, MBSFN configuration, CRS muting flag for the neighbor LTE cell 
· Option 1C: Full network assistance
· For scenario 1, Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag
· For scenario 2, Physical Cell ID, Number of CRS antenna ports, CRS muting usage flag, Bandwidth of the LTE carrier, Center of the LTE carrier, MBSFN configuration
· Option 1D: Partial network assistance
· For scenario 1, Physical Cell ID, CRS muting usage flag or Physical Cell ID of cells without CRS muting
· For scenario 2, Physical Cell ID, CRS muting usage flag, MBSFN configuration
· Option 1E: Light network assistance for scenario 2
· Physical Cell ID of LTE cells without CRS muting
· Option 1F: Ultra light network assistance 
· 1 bit signaling to inform enable/disable CRS-IM
· Other options are not precluded
2. Option 2: Do not consider network assistant information 
3. Issues related to Option 1 (if option 1 is considered):
· FFS Maximum number of neighboring cells to be signaled for option 1:
· Option 1: 8 
· Note: Same as LTE network assistance
· Option 2: 4 
· Note: For inter-RAT measurement, UE is expected to measure up to 4 cells per LTE frequency layer.
· Other options are not precluded, depending on whether CRS sequence information is needed.




In RAN4#101e it was agreed that the UE can assume a default network configuration unless otherwise informed by the network.
Based on previous RAN4 discussions and agreements and pending the final conclusion of introduction of NWA, we want to propose a version of NWA signalling that stays close to already agreed schemes (see [1]). 
Furthermore, our proposal does not require substantial changes to the standard and in particular RAN1 specifications. 
Following the many past discussions on LLR weighting assistance information, we see the following as accepted pre-requisites for successful NW side implementation and MNO deployment:
· The network layout is common across all nodes of an operator. 
Effectively this means, that the parameters like CRS-muting and MBSFN usage (other parameters not precluded) in an NWA message, are commonly shared between all interference cells known to the serving cell.
· This requires semi-static NWA information in the following situations:
· Entering RRC_connected
· In case of a Handover
· In case the network configuration changes (however, such wide network changes would only happen rarely and will most likely require the UE to re-establish RRC_connected mode).
· Other pre-requisites not precluded.
In a deployed DSS cell, the following information about the co-located LTE cell will be available to the UE, whenever CRS-RM is configured, i.e., active. However, since this pattern defines the already rate matched REs, the message is not directly useful for CRS-IM.
	RateMatchPatternLTE-CRS ::=         SEQUENCE {
    carrierFreqDL                       INTEGER (0..16383),
    carrierBandwidthDL                  ENUMERATED {n6, n15, n25, n50, n75, n100, spare2, spare1},
    mbsfn-SubframeConfigList            EUTRA-MBSFN-SubframeConfigList     OPTIONAL,   -- Need M
    nrofCRS-Ports                       ENUMERATED {n1, n2, n4},
    v-Shift                             ENUMERATED {n0, n1, n2, n3, n4, n5}
}

LTE-CRS-PatternList-r16 ::=         SEQUENCE (SIZE (1..maxLTE-CRS-Patterns-r16)) OF RateMatchPatternLTE-CRS



However, we observe that the CRS-RM pattern IE for the co-located LTE cell, contains most of the information that has been repeatedly asked in the WI to be provided as assistance information in CRS-IM LLR weighing reception, if assumed that the network configuration is the same for all cells in the network.
The CRS-RM pattern IE contains most of the information potentially required to assist in CRS-IM LLR weighing reception.

We assume that most deployed systems are DSS capable, even if the functionality is not used by the operator. Hence, the above information about CRS REs and sequences can also be assumed to be available to the network, if the operator informs the serving cell about the configuration of the interfering LTE cells. However, the configuration cannot directly be transmitted to the UE to assist in CRS-IM using the existing RateMatchPatterneLTE-CRS IE, as configuration of this IE will automatically also enable CRS-RM (See TS 38.214 [3], clause 5.1.4.2).
RRC configuration of RateMatchPatternLTE-CRS IE enables CRS-RM and, thus, prevents using CRS-IM approaches to convey the information.

Some of the information requested in earlier RAN4 discussions, are not available in above the RateMatchPatternLTE-CRS IE. In particular the following has been mentioned (even if not accepted by all companies) to be required for LLR Weighting:
· CRS muting
· CRS sequence of interfering cells 
· Max Number of CRS ports possible in the network
· List if V-shift used in the network
The existing of RateMatchPatternLTE-CRS IE is missing some of the parameters requested by companies as required for LLR Weighting.

Our proposal is to create a new signalling for the CRS-IM purpose, which builds on, and contains the NW available information from the existing IE RateMatchPatternLTE-CRS used to configure a pattern to rate match around LTE CRS (See TS 38.214 [3], clause 5.1.4.2). Additionally, from the above-mentioned parameters we are excluding the CRS sequence of interference cells, which would require more complex implementation/operator handling and, in our view, would not be required for LLR Weighting ([4]). 
In the following this is the assumed baseline of information required to assist in LLR weighting:
· The parameters carrierFreqDL (same as in LTE CRS RM), carrierBandwidthDL (same as in LTE CRS RM), mbsfn-SubframeConfigList (same as in LTE CRS RM), nrofCRS-Ports (same as in LTE CRS RM) and crs-Muting (indicates whether CRS muting is used) can be assumed to be the same for all LTE cells in the network (i.e., they are not cell-specific). 
· Assumption that different nrofCRS-Ports is a limited case situation. In case nofCRS-Ports differs, the network should provide the most optimal value and accept the UEs would not have as good an IM as if a correct value was provided (in case the nrofCRS-Ports value is actually higher than used in the network, the IM will degrade performance).
· A list of used v-Shifts which should not differ from cell to cell. This captures which v-shift are ultimately used in the UE environment and follows NW planning/PCI allocation, thereby limiting the UE effort.
The information provided in the following proposals, would be non-dynamic information taken from the network configuration. Hence it is assumed that during network planning/setup, the individual NR cells will be made aware of which LTE interference cells are expected to be present at cell edge and their configuration with relation to v-shift and number of CRS ports pairs is known. While the LLR-weighting is dynamically changing with, e.g., channel and interference characteristics, the NWA information is not expected to change during RRC_connected states.
Information provided in any level of NWA is non-dynamic information taken from the network configuration. The information provided is not expected to change during RRC_connected states.

As the NR basestation is assumed unaware of which interferer might be the strongest for the individual UEs, the UEs would have to determine this on its own, based on the provided information, which will reduce the complexity on the UE side compared to blind detection without any pre-knowledge. This leads to the following compromise proposal which support UE with the static network configuration which will simplify UE detection of parameters for LLR Weighting without addition of complex enhancements to the network implementation.
Proposal 2: RAN4 to ask RAN2 define new RRC signaling for CRS-IM IE, which contains the NW available information from the IE RateMatchPatternLTE-CRS and adds optional information for CRS-muting, (Max) Number of CRS ports, and v-shifts. The information provided in this new IE should be provided in a non-dynamic manner. Configuration of this message does not trigger CRS-RM functionality.
This new IE can be used to assist the UE in LLR weighting CRS-IM, and is updated sparingly, as the network configuration changes, using RRC reconfiguration.
The following section we provide a proposal as example only, which could be used for NWA. Note that the final layout would be decided in RAN2.

NWA RRC signalling proposal
For the following CRS-IM IE it is assumed that all interferes will have the same parameters as defined in the CRS-RM IE. Fully new and modified IEs are marked in bold.
CRSPatternLTE-CRS-IM-r17 ::=         SEQUENCE {
    carrierFreqDL-r17                       INTEGER (0..16383),
    carrierBandwidthDL-r17                  ENUMERATED {n6, n15, n25, n50, n75, n100, spare2, spare1},
    mbsfn-SubframeConfigList-r17            EUTRA-MBSFN-SubframeConfigList     OPTIONAL,
    crs-Muting-r17                          BOOLEAN                            OPTIONAL,
    v-ShiftList-r17                         BIT STRING(6)                      OPTIONAL,
    maxNrofCRS-Ports-r17                    ENUMERATED {n1, n2, n4}            OPTIONAL
}

This does require the network to be aware of the configuration of the different LTE cells and the configuration options listed should apply for the complete network. It will be up to the UE to do the final measurements for determining the exact configuration of the dominant LTE interferer.

Introduced parameters description
In this section we will describe the newly proposed IEs in more detail.

crs-Muting-r17
The “crs-Muting-r17” is introduced as an optional parameter to indicate to the UE, if CRS Muting is used. To our understanding, CRS Muting is not widely used, hence the default setting should be set to false indicating that CRS muting is not used.
Proposal 3: Introduce an optional information parameter “CRS-Muting-r17” to indicate if CRS muting is used in the network. “CRS-Muting-r17” should default to the agreed default assumed setting.

v-shiftList-r17
The “v-ShiftList-r17” is introduced as an optional list of the used v-shift in the network. As the list will indicate the used v-shift values in the network, the information will potentially reduce the number of v-shifts for the UE to detect. This value is introduced instead of the “v-shift” in the RateMatchPatternLTE-CRS IE.
Proposal 4: Introduce an optional information parameter “v-ShiftList-r17” to indicate which v-shift is used in the LTE network. “v-ShiftList-r17” should default to the agreed default assumed setting.

maxNrofCRS-Ports-r17
The “maxNrofCRS-Ports-r17” will indicate the maximum number of CRS ports used by the network. In case the same number of CRS Ports are used across the network, the value will represent the used setting. In case different number of CRS ports are used across the network, this value will indicate to the UE, how many ports it needs to do blind detection on. The “maxNrofCRS-Ports-r17” is introduced instead of the “nrofCRS-Ports” in the RateMatchPatternLTE-CRS IE.
Proposal 5: Introduce an optional information parameter “maxNrofCRS-Ports-r17” to indicate the maximum number of CRS ports used by the network. RAN4 to discuss, if a default assumption for this parameter can be chosen. 

Potential impact by misdetection of network parameters without network signalling

	Potential impact by misdetection of network parameters without network signalling
1. Option 1: Not to consider any misdetection in phase II 
2. Option 2: Consider the misdetection related to CRS muting, MBSFN configuration, CRS ports



The effect of any misdetection has been discussion in the previous meetings, where companies provided simulations with various pre-conditions to show the impact. As discussed in previous meeting, the UE can assume an agreed configuration unless otherwise informed by the network.
Since MBSFN is being used/dedicated for DSS, it should be possible for the UE to assume that the LTE network will not be using MBSFN in scenario 2.
In case the network does not conform to the agreed default configuration, the UE should still be able to correctly identify the parameters given in option 2 when the interferer is strong enough to warrant the use of CRS-IM.

When an interfering cell is strong enough to warrant the use of CRS-IM, the UE will also be able to correctly detect the needed parameters for LLR Weighting.
Proposal 6: Do not consider any misdetection (option 1). 

Whether to introduce CRS-IM UE capability signalling
In the last RAN4 meeting it was agreed to introduce CRS-IM UE capability signalling, however the details of said signalling is still FFS as seen in the WF [1]
	Whether to introduce CRS-IM UE capability signalling
1. Agree to introduce UE capability signalling for CRS-IM.
2. FFS on the details, including the granularity of the capability and other aspects if necessary.



The actual content of the signalling should be directly linked to the level of NWA being decided. For a definition of NWA which is related to static parameters for the interference cells, it should only be required for the UE to inform the network if it is CRS-IM capable as the NWA information will only be send in a few situations. In case the level of NWA is decided to be higher and required to be send more often, it could be considered to have the UE provide more detailed information about the CRS-IM capabilities and what it requires so the network can adjust the NWA accordingly.

If UE has informed the serving cell that it supports CRS-IM, the serving cell can assume the UE will enable CRS-IM, hence the serving cell can then disable RM for the interference cells. 
Proposal 7: RAN4 to further discuss the content of the UE capability signalling after the level of NWA has been agreed. As minimum, the UE capability signalling for CRS-IM shall indicate if the UE supports CRS-IM.
If UE indicates CRS-IM capability, the network will assume CRS-IM to be used. However, this assumption can be overruled by prior and future agreements on default deployment assumptions and CRS-IM activation assumptions thereof.

Conclusion
In this contribution we have provided our views on the open issues for the subject of “Necessity of Network Assistant Signalling”. In addition, we have provided a proposal for a level of NWA, which we see as a compromise based on the previous RAN4 discussions on the subject.
[bookmark: _Hlk92721691]
We have made the following observations and proposals:

Parameters needed for LLR weighting
CRS Sequence
1. It is not clear, if using the CRS sequence will improve LLR Weighting and if so, with how much.
1. Do not include the CRS sequence as parameter for LLR Weighting and in case UE requires the CRS sequence, the UE must determine it on its own.
CRS Ports
Use 1 or 2 CRS ports as default unless simulations provided in this meeting show otherwise.
How UE can obtain above parameters which can be discussed in case by case manner also depending on deployment scenarios with below candidate alternatives
A simple way to inform the UE about the network configuration in case network does not conform to the agreed default assumptions, can fulfil the agreements from last meeting.
Unless informed by the network, the UE should follow assumed condition/scenarios as default. 

Assumptions on the network configuration: Part I (excluding CRS port number)
UE vendors have argued that UE doing full blind detection can be challenging for the UE implementation with relation to time and power consumption.
In case Network does not conform to the default configuration assumptions, the network can inform the UE. If not informed, a UE might enable CRS-IM based on the default configuration assumptions. UE performing CRS-IM using invalid parameters would see performance degrades, which might not be acceptable.
RAN4 to propose means for the network to ensure UE is aware if the network does not conform to the default configuration assumptions. This could be by RAN4 proposing RAN2 to define a new message with this information. The content level of the message is still to be decided.

Assumptions on the network configuration: Part II (CRS port number)
To simplify the level of NWA, the network configuration should target the same number of CRS ports are used across the network.
Proposal 9: Assume the number of CRS ports used in serving and neighbouring cells are the same (option 1).

How could UE obtain the identified parameters if not signalled by the network
Option1 and option 2 seems both to be possible but incomplete ways for the UE to obtain the identified parameters. For example, further down we will argue, that option 1 represent a strong constraint for the NW scheduling. However, neither option 1 nor option 2 can stand alone in all deployment and scheduling conditions. 
Both option 1 and option 2 can form a baseline for detecting the “unidentified” parameters for most deployments.

Further discussion on the related technical aspects
Whether inter-RAT MO can be always configured
The network is already aware when InterRAT MO is required based on UE signalling. This would also apply in case of LTE interference. Whether InterRAT MO is enabled shall be decided by the BS implementation (Option 1).
Whether inter-RAT LTE measurement is performed right after receiving the inter-RAT MO
It can be assumed, that a well configured network will only configure the InterRAT MO when needed. Enabling of InterRAT MO are not related to a specific threshold in the UE. The InterRAT measurements shall be done by the UE when enabled by InterRAT MO without any threshold.
Whether PBCH decoding is always possible in inter-RAT measurement
It is a strong constraint on the NW scheduling to always guarantee PBCH can be decoded during InterRAT measurement gaps. The network is not required to ensure that PBCH is placed in the InterRAT measurement gap.
On center frequency and bandwidth of LTE carrier for scenario 2
Default assumed network configuration would be expected to be the same center frequency and bandwidth for all LTE cells. If this is not the case InterRAT MO can be used to determine the center frequency for the interference cells and the bandwidth can be known by either PBCH demodulation or, if not possible, by power measurements.

Whether to introduce network assistance signalling
The CRS-RM pattern IE contains most of the information potentially required to assist in CRS-IM LLR weighing reception.
RRC configuration of RateMatchPatternLTE-CRS IE enables CRS-RM and, thus, prevents using CRS-IM approaches to convey the information.
The existing of RateMatchPatternLTE-CRS IE is missing some of the parameters requested by companies as required for LLR Weighting.
Information provided in any level of NWA is non-dynamic information taken from the network configuration. The information provided is not expected to change during RRC_connected states.
RAN4 to ask RAN2 define new RRC signaling for CRS-IM IE, which contains the NW available information from the IE RateMatchPatternLTE-CRS and adds optional information for CRS-muting, (Max) Number of CRS ports, and v-shifts. The information provided in this new IE should be provided in a non-dynamic manner. Configuration of this message does not trigger CRS-RM functionality.
Introduced parameters description
Proposal 10: Introduce an optional information parameter “CRS-Muting-r17” to indicate if CRS muting is used in the network. “CRS-Muting-r17” should default to the agreed default assumed setting.
Proposal 11: Introduce an optional information parameter “v-ShiftList-r17” to indicate which v-shift is used in the LTE network. “v-ShiftList-r17” should default to the agreed default assumed setting.
Proposal 12: Introduce an optional information parameter “maxNrofCRS-Ports-r17” to indicate the maximum number of CRS ports used by the network. RAN4 to discuss, if a default assumption for this parameter can be chosen. 

Potential impact by misdetection of network parameters without network signalling
When an interfering cell is strong enough to warrant the use of CRS-IM, the UE will also be able to correctly detect the needed parameters for LLR Weighting.
Proposal 13: Do not consider any misdetection (option 1). 

Whether to introduce CRS-IM UE capability signalling
If UE has informed the serving cell that it supports CRS-IM, the serving cell can assume the UE will enable CRS-IM, hence the serving cell can then disable RM for the interference cells. 
Proposal 14: RAN4 to further discuss the content of the UE capability signalling after the level of NWA has been agreed. As minimum, the UE capability signalling for CRS-IM shall indicate if the UE supports CRS-IM.
If UE indicates CRS-IM capability, the network will assume CRS-IM to be used. However, this assumption can be overruled by prior and future agreements on default deployment assumptions and CRS-IM activation assumptions thereof.
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