[bookmark: OLE_LINK283][bookmark: _GoBack]3GPP TSG-RAN WG2 Meeting #119 electronic   						    	R2-2207804
E-Meeting, 17 – 29 August, 2022   							    

Source: 	Xiaomi
Title:  	Discussion on the IDC FDM solutions
Agenda Item:	8.10.2
Document for:	Discussion and Decision
[bookmark: _Ref165266342]Introduction
According to the WID of the Rel-18 IDC, one solution (i.e. FDM solution) is to allow the UE to indicate its affected 3GPP frequencies due to the internal inter-RAT interference. The objective related to the IDC FDM solution is quoted as follows:
	This WI expects to address interference between 3GPP (including various MR-DC architectures, i.e. NR-DC and EN-DC) and non-3GPP RAT (e.g. WiFi).
· Enhancements to FDM solution, to allow more granular indication of affected frequencies (e.g. granularity of BWP or PRB level). (RAN2)
Note: Enhancements to FDM solution is prioritized.
Note: LTE IDC solution should be considered as the baseline for the solutions developed in this WI.


In this contribution, we provide our understandings on how the UE indicates its IDC affected NR frequencies for EN-DC and NR SA.
Discussion
Reporting signalling procedure for EN-DC and NR SA
According to the IDC WID, the IDC solutions for NR targets at EN-DC and NR SA including NR-DC. According to the 3GPP TS 36.331 [2], the IDC affected NR frequencies for EN-DC can be reported via the InDeviceCoexIndication message of the LTE MCG SRB1. The reporting procedure of the IDC NR frequencies for EN-DC is quoted as follows:
	36.331: Step 1: The network configures the candidate NR frequencies (which are allowed to be reported for IDC issue) via the RRCConnectionReconfiguration mesasge.
idc-Indication-MRDC-r15		CHOICE{
			release					NULL,
			setup					CandidateServingFreqListNR-r15
		}			OPTIONAL	-- Cond idc-Ind

	36.331: Step 2: The UE reports its affected NR frequencies via the InDeviceCoexIndication message, according to the candidate NR frequencies provided in Step 1.
MRDC-AssistanceInfo-r15 ::= SEQUENCE {
	affectedCarrierFreqCombInfoListMRDC-r15		SEQUENCE (SIZE (1..maxCombIDC-r11)) OF AffectedCarrierFreqCombInfoMRDC-r15,
	...,
	[[	affectedCarrierFreqCombInfoListMRDC-v1610		SEQUENCE (SIZE (1..maxCombIDC-r11)) OF VictimSystemType-v1610			OPTIONAL
	]]
}

AffectedCarrierFreqCombInfoMRDC-r15 ::= SEQUENCE {
	victimSystemType-r15					VictimSystemType-r11,
	interferenceDirectionMRDC-r15			ENUMERATED {eutra-nr, nr, other, eutra-nr-other,
											nr-other, spare3, spare2, spare1},
	affectedCarrierFreqCombMRDC-r15		SEQUENCE {
		affectedCarrierFreqCombEUTRA-r15		AffectedCarrierFreqComb-r15		OPTIONAL,
		affectedCarrierFreqCombNR-r15			AffectedCarrierFreqCombNR-r15
	}				OPTIONAL
}

AffectedCarrierFreqComb-r15 ::= SEQUENCE (SIZE (1..maxServCell-r13)) OF MeasObjectId-r13

AffectedCarrierFreqCombNR-r15 ::= SEQUENCE (SIZE (1..maxServCellNR-r15)) OF ARFCN-ValueNR-r15


Since the target of the enhanced FDM solution for IDC is to “allow more granular indication of affected frequencies”, we think that the Rel-15 IDC reporting framework for the MRDC via LTE MCG SRB1 should be reused in Rel-18 for EN-DC. 
Proposal 1: The Rel-15 IDC reporting framework for MRDC via the LTE InDeviceCoexIndication message is reused as the baseline for the Rel-18 IDC FDM solution for EN-DC.
According to the 3GPP TS 38.331 [3], the reporting procedure of the IDC NR frequencies for NR SA including NR-DC is quoted as follows:
	38.331: Step 1: The network configures the candidate NR frequencies (which are allowed to be reported for IDC issue) via the RRCReconfiguration mesasge.
IDC-AssistanceConfig-r16 ::=    SEQUENCE {
    candidateServingFreqListNR-r16  CandidateServingFreqListNR-r16                     OPTIONAL, -- Need R
    ...
}

	36.331: Step 2: The UE reports its affected NR frequencies via the UEAssistanceInformation message, according to the candidate NR frequencies provided in Step 1.
IDC-Assistance-r16 ::=                  SEQUENCE {
    affectedCarrierFreqList-r16             AffectedCarrierFreqList-r16               OPTIONAL,
    affectedCarrierFreqCombList-r16         AffectedCarrierFreqCombList-r16           OPTIONAL,
    ...
}

AffectedCarrierFreqList-r16 ::= SEQUENCE (SIZE (1.. maxFreqIDC-r16)) OF AffectedCarrierFreq-r16

AffectedCarrierFreq-r16 ::=     SEQUENCE {
    carrierFreq-r16                 ARFCN-ValueNR,
    interferenceDirection-r16       ENUMERATED {nr, other, both, spare}
}

AffectedCarrierFreqCombList-r16 ::= SEQUENCE (SIZE (1..maxCombIDC-r16)) OF AffectedCarrierFreqComb-r16

AffectedCarrierFreqComb-r16 ::=     SEQUENCE {
    affectedCarrierFreqComb-r16         SEQUENCE (SIZE (2..maxNrofServingCells)) OF  ARFCN-ValueNR    OPTIONAL,
    victimSystemType-r16                VictimSystemType-r16
}

VictimSystemType-r16 ::=    SEQUENCE {
    gps-r16                     ENUMERATED {true}        OPTIONAL,
    glonass-r16                 ENUMERATED {true}        OPTIONAL,
    bds-r16                     ENUMERATED {true}        OPTIONAL,
    galileo-r16                 ENUMERATED {true}        OPTIONAL,
    navIC-r16                   ENUMERATED {true}        OPTIONAL,
    wlan-r16                    ENUMERATED {true}        OPTIONAL,
    bluetooth-r16               ENUMERATED {true}        OPTIONAL,
    ...
}


From our understanding, that the Rel-16 IDC reporting framework for the NR SA including NR-DC should be reused in Rel-18. 
Proposal 2: The Rel-16 IDC reporting framework for NR SA via the NR UEAssistanceInformation message is reused as the baseline for the Rel-18 IDC FDM solution for NR SA including NR-DC.
Reporting granularity
According to the analysis given in Section 2.1, the frequencies reported for EN-DC and NR SA includes both the LTE frequency and the NR frequency. For the LTE frequency reported for the EN-DC frequency combination, we think that the measurement object ID of the LTE frequency can be reused.
Proposal 3: The UE indicates the measurement object ID of the LTE frequency for the affected EN-DC frequency combination, same as the legacy.  
Regarding the NR frequency reported for EN-DC and NR SA, since the legacy procedure only allows the reporting of the ARFCN, the gNB is not able to know the NR frequency range/bandwidth affected by IDC interference. In order to allow more accurate reporting of the affected NR frequency, we could have the following options:
· Option 1: Central frequency + Bandwidth
· Option 2: Starting frequency + Ending frequency
· Option 3: BWP ID
· Option 4: BWP ID + PRB index
· Option 5: Measurement object ID
	36.331/38.331:
NOTE 2:	For the frequencies on which a serving cell or serving cells is configured that is activated, IDC problems consist of interference issues that the UE cannot solve by itself, during either active data exchange or upcoming data activity which is expected in up to a few hundred milliseconds.
For frequencies on which a SCell or SCells is configured that is deactivated, reporting IDC problems indicates an anticipation that the activation of the SCell or SCells would result in interference issues that the UE would not be able to solve by itself.
For a non-serving frequency, reporting IDC problems indicates an anticipation that if the non-serving frequency or frequencies became a serving frequency or serving frequencies then this would result in interference issues that the UE would not be able to solve by itself.


According to 36.331 and 38.331 as quoted above, the affected frequencies reported for IDC issue include both serving and non-serving frequencies. For the serving frequency, the affected frequencies reported for IDC issue include both the activated frequency and the deactivated frequency. Thus we think that the same principle for the frequency reporting for IDC issue should be reused for the Rel-18 IDC FDM solution.
Proposal 4: The NR frequency reported for IDC issue can be serving/non-serving frequency or activated/deactivated frequency, same as the legacy.
According to the above Proposal 4, Option 3 and Option 4 is not applicable for the non-serving frequency, since a non-serving frequency does not have the BWP configuration.
	38.331:
MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
    refFreqCSI-RS                       ARFCN-ValueNR                                                   OPTIONAL,   -- Cond CSI-RS
    referenceSignalConfig               ReferenceSignalConfig,
    absThreshSS-BlocksConsolidation     ThresholdNR                                                     OPTIONAL,   -- Need R
    absThreshCSI-RS-Consolidation       ThresholdNR                                                     OPTIONAL,   -- Need R
    nrofSS-BlocksToAverage              INTEGER (2..maxNrofSS-BlocksToAverage)                          OPTIONAL,   -- Need R
    nrofCSI-RS-ResourcesToAverage       INTEGER (2..maxNrofCSI-RS-ResourcesToAverage)                   OPTIONAL,   -- Need R
    quantityConfigIndex                 INTEGER (1..maxNrofQuantityConfig),
    offsetMO                            Q-OffsetRangeList,
    cellsToRemoveList                   PCI-List                                                        OPTIONAL,   -- Need N
    cellsToAddModList                   CellsToAddModList                                               OPTIONAL,   -- Need N
    excludedCellsToRemoveList           PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    excludedCellsToAddModList           SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    allowedCellsToRemoveList            PCI-RangeIndexList                                              OPTIONAL,   -- Need N
    allowedCellsToAddModList            SEQUENCE (SIZE (1..maxNrofPCI-Ranges)) OF PCI-RangeElement      OPTIONAL,   -- Need N
    ...
}



For Option 5, according to the measurement object configuration of NR as quoted above, one NR measurement object can include two different frequencies (e.g. ssbFrequency for SSB measurement and refFreqCSI-RS for CSI-RS measurement), and the NR measurement object configuration is also not able to provide the affected frequency range. Using the NR measurement object ID to indicate the NR frequency is not be able to provide the accurate frequency indication for the IDC interference.
As such, we consider that Option 1 and Option 2 should be considered as candidate IDC FDM solutions in Rel-18, as they can provide more accurate frequency indication on the specific frequency range which is affected by the IDC interference. Option 2 is simpler for the specification, as Option 1 would require more discussion on how to indicate the bandwidth.
Proposal 5: For the NR frequency granularity for IDC assistance information, RAN2 is kindly requested to select one of the following options:
· Option 1: Central frequency + Bandwidth
· Option 2: Starting frequency + Ending frequency

Inter-modulation issue amongst NR and non-3GPP RAT
Table 1: Interference caused by the inter-modulation amongst NR and WiFi
	IMD order
	3GPP frequency (MHz)
	WiFi
	Affected 3GPP frequency range

	IMD WiFi-3GPP
	2500 - 2570
	5G
[5170, 5330], 
[5735, 5835]
	[2600, 2830]
[3165, 3335]

	IMD
2*3GPP - WiFi
	2500 - 2570
	2.4G
[2402, 2482]
	[2518, 2738]


According to Table 1 given above, the inter-modulation (WiFi – 3GPP (n7 UL)) introduces interference to the downlink 3GPP frequency (i.e. band n7/n38/n41/n77/n78). The inter-modulation (2*3GPP (n7 UL) - WiFi) introduces interference to the downlink 3GPP frequency (i.e. band n7/n38/n41). According to the current specification of both 38.331 and 36.331, the UE is not allowed to report that one NR frequency is affecting another NR frequency due to the inter-modulation amongst NR and WiFi. Since the interference caused by the inter-modulation amongst NR and non-3GPP RAT was not discussed before, we consider that RAN2 could send an LS to RAN4 to ask whether the interference issue caused by the inter-modulation amongst NR and non-3GPP RAT needs to be resolved via the IDC solutions.
Observation 1: The uplink inter-modulation amongst NR frequency and non-3GPP RAT (e.g. WiFi) can interfere the downlink NR frequency.
Observation 2: According to the current specification of both 38.331 and 36.331, the UE is not allowed to report that one NR frequency is affecting another NR frequency due to the inter-modulation amongst NR and WiFi.
Proposal 6: RAN2 is kindly requested to send an LS to RAN4 to ask whether the interference issue caused by the inter-modulation amongst NR and non-3GPP RAT needs to be resolved via the IDC solutions.

Conclusions
According to the analysis given above, we have the following Observations and Proposals:
Observation 1: The uplink inter-modulation amongst NR frequency and non-3GPP RAT (e.g. WiFi) can interfere the downlink NR frequency.
Observation 2: According to the current specification of both 38.331 and 36.331, the UE is not allowed to report that one NR frequency is affecting another NR frequency due to the inter-modulation amongst NR and WiFi.

[bookmark: _Toc502437832]Proposal 1: The Rel-15 IDC reporting framework for MRDC via the LTE InDeviceCoexIndication message is reused as the baseline for the Rel-18 IDC FDM solution for EN-DC.
Proposal 2: The Rel-16 IDC reporting framework for NR SA via the NR UEAssistanceInformation message is reused as the baseline for the Rel-18 IDC FDM solution for NR SA including NR-DC.
Proposal 3: The UE indicates the measurement object ID of the LTE frequency for the affected EN-DC frequency combination, same as the legacy.  
Proposal 4: The NR frequency reported for IDC issue can be serving/non-serving frequency or activated/deactivated frequency, same as the legacy.
Proposal 5: For the NR frequency granularity for IDC assistance information, RAN2 is kindly requested to select one of the following options:
· Option 1: Central frequency + Bandwidth
· Option 2: Starting frequency + Ending frequency
Proposal 6: RAN2 is kindly requested to send an LS to RAN4 to ask whether the interference issue caused by the inter-modulation amongst NR and non-3GPP RAT needs to be resolved via the IDC solutions.

Reference
[1] RP-221281, Xiaomi, “Revised WID: In-Device Co-existence (IDC) enhancements for NR and MR-DC”.
[2] 3GPP TS 36.331, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol specification”
[3] 3GPP TS 38.331, “NR; Radio Resource Control (RRC) protocol specification”.



