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1	Introduction
[bookmark: _Hlk101694296]RAN4 has sent the LS R2-2204489 (R4-2207238) to RAN2, requesting provide signalling for network assistance signalling for CRS-IM purposes (see Annex A for the LS text). This also includes information on UE capabilities, which has been provided in more details in R4-2206572. In this contribution we discuss the RRC signalling, and UE capabilities based on these RAN4 LSs.
2	NWA signalling for CRS-IM
2.1	UE capability aspects
The discussion on UE capabilities for CRS-IM NWA is still partly open in RAN4, with the following status (as per RAN4 LSs R2-2204489 and R4-2206572):
Agreed capabilities
1. CRS-IM support in DSS scenario (also requires support of LTE-CRS rate-matching capability)
2. CRS-IM support for non-DSS case without NWA signalling, with SCS = 15 kHz
3. CRS-IM support for non-DSS case with NWA signalling, with SCS = 15 kHz
Capabilities with FFSs
4. CRS-IM support for non-DSS case without NWA signalling, with SCS = 30 kHz
5. CRS-IM support for non-DSS case with NWA signalling, with SCS = 30 kHz
All of the capabilities are provided per FSPC, so would be included in the IE FeatureSetPerDownlinkCC as regular non-critical extensions. Because the latter two capabilities are still FFS, RAN2 should only define signalling for capabilities #1-#3, , but it seems still sensible to consider how also capabilities #4-#5  they could be implemented once RAN4 has defined them since they are related to capabilities #2-#3, with only the SCS being different. Two options illustrating this are shown below:
Option 1: Separate capability bits for 2-3 and 4-5:
FeatureSetDownlinkPerCC-v1710 ::=   SEQUENCE {
    crs-IM-LTE-r17                      CRS-IM-LTE-r17             OPTIONAL
}

CRS-IM-LTE-r17 ::=                SEQUENCE {
    crs-IM-servingLTE-r17               ENUMERATED {supported}       OPTIONAL,
    crs-IM-neighbourLTE-noNWA-15kHz-r17 ENUMERATED {supported}       OPTIONAL,
    crs-IM-neighbourLTE-NWA-15kHz-r17   ENUMERATED {supported}       OPTIONAL,
    crs-IM-neighbourLTE-noNWA-30kHz-r17 ENUMERATED {supported}       OPTIONAL,
    crs-IM-neighbourLTE-NWA-30kHz-r17   ENUMERATED {supported}       OPTIONAL
}
Option 2: Combined capability bits for 2-3 and 4-5:
FeatureSetDownlinkPerCC-v1710 ::=   SEQUENCE {
    crs-IM-LTE-r17                      CRS-IM-LTE-r17             OPTIONAL
}

CRS-IM-LTE-r17 ::=                SEQUENCE {
    crs-IM-servingLTE-r17               ENUMERATED {supported}       OPTIONAL,
    crs-IM-neighbourLTE-noNWA-r17       SEQUENCE {
         scs-15kHz                         ENUMERATED {supported}    OPTIONAL,
         scs-30kHz                         ENUMERATED {supported}    OPTIONAL
    }                                                                OPTIONAL,
    crs-IM-neighbourLTE-NWA-r17         SEQUENCE {
         scs-15kHz                         ENUMERATED {supported}    OPTIONAL,
         scs-30kHz                         ENUMERATED {supported}    OPTIONAL
    }                                                                OPTIONAL
}

The second alternative uses up more optionality bits if both SEQUENCEs are included, but saves 1 bit per FSPC in case they are not. This also leads to the question whether all UEs that support CRS-IM without NWA would also support CRS-IM without NWA, as would seem logical. If this is the case, the capability signalling can be further optimized as shown in option 3 below:
Option 3: CHOICE for NWA and non-NWA capabilities, combined capability bits for 2-3 and 4-5:
FeatureSetDownlinkPerCC-v1710 ::=   SEQUENCE {
    crs-IM-LTE-r17                      CRS-IM-LTE-r17             OPTIONAL
}

CRS-IM-LTE-r17 ::=                SEQUENCE {
    crs-IM-servingLTE-r17               ENUMERATED {supported}       OPTIONAL,
    crs-IM-neighbourLTE-r17             CHOICE {
         nwa-r17         SEQUENCE {
             scs-15kHz                         ENUMERATED {supported}       OPTIONAL,
             scs-30kHz                         ENUMERATED {supported}       OPTIONAL
         },
         noNWA-r17       SEQUENCE {
             scs-15kHz                         ENUMERATED {supported}       OPTIONAL,
             scs-30kHz                         ENUMERATED {supported}       OPTIONAL
         }                                                                 
    }                                                                       OPTIONAL
}

Proposal 1: RAN2 to discuss which capability structure option to adopt for the Rel-17 CRS-IM capabilities. 
2.2	NWA signalling for Rel-17 LTE CRS-IM 
The parameters for LTE CRS-IM rate matching have been already provided in Rel-15 (see table 1 below), and the RAN4 LS indicates that the broad outline can follow a similar structure. 
	[bookmark: _Toc60777344][bookmark: _Toc100930257]–	RateMatchPatternLTE-CRS
The IE RateMatchPatternLTE-CRS is used to configure a pattern to rate match around LTE CRS. See TS 38.214 [19], clause 5.1.4.2.
RateMatchPatternLTE-CRS information element
-- ASN1START
-- TAG-RATEMATCHPATTERNLTE-CRS-START

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

-- TAG-RATEMATCHPATTERNLTE-CRS-STOP
-- ASN1STOP



Table 1. NR Rel-17 LTE CRS rate matching configuration
Additionally, RAN4 has made some "default assumptions" and configuration options for the CRS-IM information of serving/neighbouring LTE cells:
Default assumptions:
· Rel-17 vs. Rel-15 CRS IM: For cases with LTE co-inciding with NR serving cell (i.e. DSS), the UE can assume same information as provided already via the Rel-15 LTE CRS RM information (i.e. CRS port number, channel bandwidth, center frequency and MBSFN pattern). For other cases, MBSFN is assumed to be not configured and CRS port number is 4. This means that UE has certain default assumptions for some parameters but not all.
· LTE CRS muting: The LTE configuration (provided as part of LTE RRC field crs-IntfMitigConfig) is not used for the Rel-17 CRS-IM, i.e. the NR Rel-17 configuration is not dependent on the LTE configuration
· Need for NWA: The NWA signalling is needed by UEs (only) supporting capability #3 (or #5), but can also be indicated to UEs not requiring the signalling (i.e. UE capability #1, #2 and #4).
Configuration of LTE cell information Rel-17 CRS-IM:
· Downlink Centre frequency: Optional to signal for both scenarios. If signalled, overrides the default assumption (for DSS cases). 
· Channel bandwidth: Optionally signalled, but required for UEs requiring NWA. If signalled, overrides the default assumption (for DSS cases).
· CRS port number: Optional to signal for both scenarios (default assumption exist for DSS cases).
· PCI and v-Shift: Optional to signal for both scenarios (if PCI is not signalled, UE searches for all PCIs). If PCI is provided, v-Shift information is not provided. 
· CRS muting by NW: Optionally signalled for both scenarios (applies to serving cell in DSS case and neighbour cells in other cases)
· MBSFN configuration: Optional to signal for both scenarios (if different from default assumption)
· Number of cells: The per-cell information can be signalled for up to 8 cells per UE.
Since the PCI and v-Shift information both indicate the CRS pattern (i.e. v-Shift index == PCI mod 6) and RAN4 indicates that if PCI is provided, v-Shift is not provided. a CHOICE could be introduced for these as the number of possible v-Shifts is 6, and the number neighbour cells is 8. It should also be noted that the default assumption seem possible to provide via Need S (or DEFAULT). However, as the default assumptions are somewhat complicated, we would propose to simplify them: for CRS ports, if absent UE applies the value n4, and for MBSFN subframes, if absent UE assumes no MBSFN subframes are present. If network wishes to change these values, it is straightforward to do by signalling.
Observation 1: A number of default options exist for the configuration options, requiring either use of Need S.
Observation 2: The CRS-IM configuration is only configured in CONNECTED mode, so a new Rel-17 IE can be added as part of ServingCellConfig.
Observation 3: The default conditions could be simplified so that UE assumptions on absence are not dependent on the scenario.

Based on the above, we propose to use the following signalling structure for the parameters:
[bookmark: _Hlk101704059]CRS-IM-PatternLTE-r17 ::=         SEQUENCE {
    carrierFreqDL-r17                       INTEGER (0..16383)                          OPTIONAL, -- Need S
    carrierBandwidthDL-r17                  ENUMERATED {n6, n15, n25, n50, 
                                                        n75, n100, spare2, spare1}      OPTIONAL, -- Need S
    mbsfn-SubframeConfigList-r17            EUTRA-MBSFN-SubframeConfigList              OPTIONAL, -- Need S
    crs-Muting-r17                          ENUMERATED {true}                           OPTIONAL, -- Need R
    maxNrofCRS-Ports-r17                    ENUMERATED {n1, n2, n4}                     OPTIONAL, -- Need S
    candidateCells-r17                      CHOICE {
       v-ShiftList-r17                         BIT STRING(6),
       pciCandidateList-r17                    SEQUENCE (SIZE (1..maxCRS-IM-cells-r17)) OF EUTRA-PhysCellId 
    }                                                                                   OPTIONAL -- Need R
}
This would then be included in ServingCellConfig as an optional configuration in addition to the LTE CRS rate matching pattern.
Proposal 2: Introduce the Rel-17 CRS-IM pattern in ServingCellConfig as an optional field.
Proposal 3: Introduce fields having default assumptions as Need S - fields and simplify the assumption on absence: If CRS port information is not provided, UE assumes 4 CRS ports. If MBSFN information is not provided, UE assumes no MBSFN subframes are present.
A more complete version of the above signalling can be found in R2-2205389, which provides a CR according to the proposals made in this document.
Proposal 4: Agree to the RRC CR in R2-2205389.
Similarly, the draft CRs for the UE capabilities can be found in R2-2205390 (38.306) and  R2-2205389 (38.331).
Proposal 5: Endorse the UE capability CRs in R2-2205390 (38.306) and  R2-2205389 (38.331).

3	Conclusion
This documents has made the following observations:
Observation 1: A number of default options exist for the configuration options, requiring either use of Need S.
Observation 2: The CRS-IM configuration is only configured in CONNECTED mode, so a new Rel-17 IE can be added as part of ServingCellConfig.
Observation 3: The default conditions could be simplified so that UE assumptions on absence are not dependent on the scenario.
And proposed the following:
Proposal 1: RAN2 to discuss which capability structure option to adopt for the Rel-17 CRS-IM capabilities. 
Proposal 2: Introduce the Rel-17 CRS-IM pattern in ServingCellConfig as an optional field.
Proposal 3: Introduce fields having default assumptions as Need S - fields and simplify the assumption on absence: If CRS port information is not provided, UE assumes 4 CRS ports. If MBSFN information is not provided, UE assumes no MBSFN subframes are present.
Proposal 4: Agree to the RRC CR in R2-2205389.
Proposal 5: Endorse the UE capability CRs in R2-2205390 (38.306) and  R2-2205389 (38.331).

Annex A: RAN4 LS text in R4-2207238
1. Overall Description:
Within the Release 17 work item on further enhancement on NR demodulation performance (NR_perf_enh2_Demod), RAN4 has discussed UE capability and network assistant signalling for CRS interference mitigation (CRS-IM) in the following two scenarios with overlapping spectrum for LTE and NR as illustrated in TR 38.833:
· Scenario 1(DSS scenario): Serving and neighbouring cells are both operating with dynamic spectrum sharing (DSS) of NR and LTE. The NR UE in the serving cell is configured with lte-CRS-ToMatchAround, and is suffering interference from the LTE CRS of neighbouring cells.
· Scenario 2 (non-DSS scenario): Serving cell is operating in NR, and neighbouring cells are operating in LTE. The NR UE in the serving cell is suffering interference from the LTE CRS of neighbouring cells.

As an outcome, following agreements are reached by RAN4:
· From the RAN4 perspective, the following new NR UE capabilities are agreed to be defined for CRS-IM:
· Capability #1: NR UE capable of performing CRS-IM in scenario 1 with 15 kHz SCS, UE can support Capability #1 on the CC(s) in a band only if the UE indicates support of rateMatchingLTE-CRS on that band.
· Capability #2: NR UE capable of performing CRS-IM in scenario 2 with 15 kHz SCS without Rel-17 new network assistant signalling on LTE channel bandwidth.
· Capability #3: NR UE capable of performing CRS-IM in scenario 2 with 15 kHz SCS with Rel-17 new network assistant signalling on LTE channel bandwidth.
· The granularity of the above capabilities is Per Feature Set per CC.
· The above capabilities are applicable for FR1 only without FDD/TDD difference.
· The above capabilities are optional for UE to report.
· Meanwhile, RAN4 is also considering the following new NR UE capabilities and will make conclusion on whether to introduce the two capabilities in the first week of RAN4 #103-e meeting:
· Capability #4: NR UE capable of performing CRS-IM in scenario 2 with 30kHz SCS without Rel-17 new network assistant signalling on LTE channel bandwidth.
· Capability #5: NR UE capable of performing CRS-IM in scenario 2 with 30kHz SCS with Rel-17 new network assistant signalling on LTE channel bandwidth.
· The granularity of the above capabilities is Per Feature Set per CC.
· The above capabilities are applicable for FR1 only without FDD/TDD difference.
· The above capabilities are optional for UE to report.
· To perform CRS-IM, RAN4 has agreed that the UE should have the following default network configuration assumptions for each neighbour LTE cell:
· For scenario 1, the CRS port number is same with that indicated in the existing IE RateMatchPatternLTE-CRS by the serving cell. For scenario 2, the CRS port number is 4.
· Network-based CRS interference mitigation (i.e., CRS muting) is not enabled by crs-IntfMitigConfig in TS 36.331 for scenario 1 and 2.
· For scenario 1, channel bandwidth and centre frequency is same with that indicated in the existing IE RateMatchPatternLTE-CRS by the serving cell.
· For scenario 1, MBSFN configuration is same as that indicated in the existing IE RateMatchPatternLTE-CRS by the serving cell. For scenario 2, MBSFN is not configured.
· With the above default network configuration assumptions, RAN4 has agreed that for UE supporting Capability #1, the UE can perform CRS-IM without Rel-17 new RRC network assistant signalling in scenario 1. For UE supporting Capability #2, the UE can perform CRS-IM without Rel-17 new RRC network assistant signalling in scenario 2 with 15 kHz SCS when MeasObjectEUTRA IE is configured and the configured measurement gaps overlap with neighbour LTE cell PBCH position. 
· Meanwhile, new RRC based network assistant signalling is agreed to be introduced to assist CRS-IM in Rel-17, and the Rel-17 new RRC signalling are optionally to be indicated to UE supporting Capability #1 and Capability #2.
· Regarding the content of the Rel-17 new RRC network assistant signalling, for each neighbour LTE cell, RAN4 reach following agreements:
· Downlink Centre frequency
· For scenario 1, the downlink centre frequency can be optionally signalled to the UE, if the above default centre frequency assumption is not valid.
· For scenario 2, the downlink centre frequency can be optionally signalled to UE.
· Channel bandwidth 
· For scenario 1, the channel bandwidth can be optionally signalled to the UE, if the above default channel bandwidth assumption is not valid.
· For scenario 2 with 15kHz SCS, the LTE channel bandwidth can be optionally signalled to UE supporting Capability #2, and should be signalled to UE supporting Capability #3 but not supporting Capability #2.
· CRS port number
· For scenario 1 and scenario 2, the CRS port number can be optionally signalled to the UE, if the above default CRS port number configuration assumption is not valid
· Cell ID 
· For scenario 1 and scenario 2, the physical Cell ID can be optionally signalled to UE.
· v-Shift
· For scenario 1 and scenario 2, the v-Shift information can be optionally signalled to UE.
· If Cell ID information is informed, then v-Shift information shall not be signalled to UE.
· CRS muting
· For scenario 1 and scenario 2, the configuration of CRS muting can be optionally signalled to the UE if the above default CRS muting assumption is not valid.
· MBSFN configuration 
· For scenario 1 and scenario 2, the MBSFN subframe configuration can be optionally signalled to the UE if the above default MBSFN configuration assumption is not valid.
· The above information is signalled under each serving cell with flexibility to support per UE level configuration with up to 8 interference cell information.

2. To RAN WG2 group. 
ACTION: RAN4 respectfully request RAN2 to take the above information into account and design the corresponding UE capability and network assistance signalling for CRS-IM in scenarios with overlapping spectrum for LTE and NR.











Annex B: UE capability input for the Rel-17 CRS-IM NWA signalling
14. NR_perf_enh2_Demod
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	24.
NR_perf_enh2_Demod
	24-1
	CRS-IM (Interference Mitigation) in DSS scenario
	Support of neighboring LTE cell CRS-IM in DSS scenario with NR 15 kHz SCS
Note: In the DSS scenario, serving and neighboring cells are both operating with dynamic spectrum sharing (DSS) of NR and LTE.
	5-28 (Rate-matching around LTE CRS)
	Yes
	N/A
	NR UE does not support neighboring LTE cell CRS-IM in DSS scenario 
	Per FSPC
	No
	Applicable only to FR1
	Support mixture of FDD/TDD
	Note: UE can support the feature on the CC(s) in a band only if the UE indicates support of rateMatchingLTE-CRS on that band.
	Optional with capability signaling

	24.
NR_perf_enh2_Demod
	24-2
	CRS-IM in non-DSS and 15 kHz NR SCS scenario, without the assistance of network signaling on LTE channel bandwidth
	Support of neighboring LTE cell CRS-IM in non-DSS and 15 kHz NR SCS scenario, without the assistance of network signaling on LTE channel bandwidth
Note: In the non-DSS scenario, serving cell is operating in NR, and neighboring cells are operating in LTE.
	
	Yes
	N/A
	NR UE does not support neighboring LTE cell CRS-IM in non-DSS and 15 kHz NR SCS scenario, without the assistance of network signaling on LTE channel bandwidth
	Per FSPC
	No
	Applicable only to FR1
	Support mixture of FDD/TDD
	
	Optional with capability signaling

	24.
NR_perf_enh2_Demod
	24-3
	CRS-IM in non-DSS and 15 kHz NR SCS scenario, with the assistance of network signaling on LTE channel bandwidth
	Support of neighboring LTE cell CRS-IM in non-DSS and 15 kHz NR SCS scenario, with the assistance of network signaling on LTE channel bandwidth
	
	Yes
	N/A
	NR UE does not support neighboring LTE cell CRS-IM in non-DSS and 15 kHz NR SCS scenario, with the assistance of network signaling on LTE channel bandwidth
	Per FSPC
	No
	Applicable only to FR1
	Support mixture of FDD/TDD
	 
	Optional with capability signaling

	24.
NR_perf_enh2_Demod
	[24-4]
	CRS-IM in non-DSS and 30 kHz NR SCS scenario, without the assistance of network signaling on LTE channel bandwidth
	Support of neighboring LTE cell CRS-IM in non-DSS and 30 kHz NR SCS scenario, without the assistance of network signaling on LTE channel bandwidth
	
	Yes
	N/A
	NR UE does not support neighboring LTE cell CRS-IM in non-DSS and 30 kHz NR SCS scenario, without the assistance of network signaling on LTE channel bandwidth
	Per FSPC
	No
	Applicable only to FR1
	Support mixture of FDD/TDD
	
	Optional with capability signaling

	24.
NR_perf_enh2_Demod
	[24-5]
	CRS-IM in non-DSS and 30 kHz NR SCS scenario, with the assistance of network signaling on LTE channel bandwidth
	Support of neighboring LTE cell CRS-IM in non-DSS and 30 kHz NR SCS scenario, with the assistance of network signaling on LTE channel bandwidth
	
	Yes
	N/A
	NR UE does not support neighboring LTE cell CRS-IM in non-DSS and 30 kHz NR SCS scenario, with the assistance of network signaling on LTE channel bandwidth
	Per FSPC
	No
	Applicable only to FR1
	Support mixture of FDD/TDD
	 
	Optional with capability signaling

	24.
NR_perf_enh2_Demod
	24-6
	MMSE-IRC receiver for scenarios with inter-cell and intra-cell inter-user interference
	Support of MMSE-IRC processing for scenarios with inter-cell and intra-cell inter-user interference
	 
	No
	No
	UE can’t apply mitigation of inter-cell and intra-cell inter-user interference
	Per UE
	No
	FR1 only
	N/A
	 
	Optional without capability signalling for Rel-15 and Rel-16

Mandatory without capability signalling from Rel-17





