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1. Introduction
After RAN3’s last meeting, an LS[1] was sent to RAN2, meant to ask RAN2 whether bandCombinationIndex IE can be reused to indicate the selected band in “multiple overlapping bands” scenario.    
	RAN3 has discussed the band selection scenario as described below:
There is a cell with multiple overlapping bands, e.g., two, n2 and n25. Also, let’s assume there are UEs that can access both bands. A UE selects the first band in the frequencyBandList (broadcast in SIB1) that it supports, according to supportedBandListNR reported in UE-NR-Capability. It may be needed to select for this UE another band in the current serving cell during RRC connection setup phase or after RRC connection is established. If this happens, in a split gNB the gNB-DU needs to inform the gNB-CU of this change (note that the gNB-CU is not assumed to decode the CellGroupConfig IE), which may be used to update the measurement configuration for the UE.
RAN3 has discussed whether the new band selected for the UE can be indicated over F1 using the Selected BandCombinationIndex as defined in TS 38.331.

Regardless of the split gNB case, RAN3 kindly requests RAN2 to confirm that it is possible for the network to change the band on which the UE is served in the scenario above.

RAN3 would also like to ask whether the Selected BandCombinationIndex, as defined in TS38.331, can be used to indicate the new single band selected in the scenario above.


The scenario described by RAN3 involves MBFI and measurement configuration modification. In this contribution, we discuss the details and provide our view as well as the draft reply.  
2. Background of the problem
According to the LS, the scenario RAN3 were discussing is about multiple bands (or MFBI) cells. This kind of cells operating on a frequency of overlapping bands, so the cell broadcasts multiple bands in system information (i.e. via frequencyBandList in SIB1). In NR, when UE performs initial access, the UE will choose the first supported band in frequencyBandList as its selected band. Similarly, after network obtains UE’s capability, the network can also derive UE’s selected band based on UE capability and system information, then take the selected band into consideration for further operation. For instance, setting frequencyBandInfo in MeasObjectNR. 
Observation 1:  During initial access to an MFBI cell, the UE will select the first supported band broadcast in SIB1, and network can know this information after obtaining UE’s radio capability. 
Although the NR band is initially selected by UE during initial access, in RAN3, companies discussed the scenario that gNB-DU may want to change UE’s selected band due to resource limitation in DU, in this case, gNB-DU needs to inform gNB-CU about the updated band, so that gNB-CU can trigger RRC procedure to inform UE about the updated band (e.g. change the band information in FrequencyInfoDL in ServingCellConfigCommon). This can be done by triggering intra-cell handover (e.g. RRCReconfiguration includes reconfigurationWithSync). 
Observation 2:  Network can trigger intra-cell handover to update the served band of serving cell, and the new NR band can be selected by gNB-DU.
In addition to updating the frequency band info of serving cell in ServingCellConfigCommon, another aspect identified by RAN3 is to update measurement and/or gap configuration at the same time. For instance, the UE and NR cell support both band n2 and band n25, after initial access, the UE and network know that band n2 is selected by UE. For serving cell measurement, network configures measObjectNR by setting “freqBandIndicatorNR = n2”, and provides corresponding A1/A2 measurement configurations. Once network determines to change the served NR band to “n25”, network needs to release and re-add the measObjectNR by changing freqBandIndicatorNR field to “n25”, otherwise, there will be mismatch between serving cell MO and serving band in ServingCellConfigCommon->FrequencyInfoDL, in this case, UE may probably treat the measurement as inter-freq measurements, and may trigger RRC reconfiguration failure because event A1/A2 are restricted to intra-freq measurement. 
Observation 3:  When network updates the served band of serving cell, network may also need to update the measObjectNR of serving frequencies.
Therefore, RAN3 wants to clarify when and how can gNB-DU perform band updation, and inform gNB-CU about the newly selected band. 
3. Discussion
In RAN3’s LS, RAN3 asks the following two questions:
Q1: Regardless of the split gNB case, RAN3 kindly requests RAN2 to confirm that it is possible for the network to change the band on which the UE is served in the scenario above.
Q2: RAN3 would also like to ask whether the Selected BandCombinationIndex, as defined in TS38.331, can be used to indicate the new single band selected in the scenario above.
When can network change the served band?
For Q1, the intention is to clarify whether can network change the served band in the following two cases:
· Case1: During RRC connection setup procedure, e.g. via RRCSetup message;
· Case2: After RRC connection is established, e.g. via RRCReconfiguration message. 
As mentioned above, the served NR band must be supported by UE. So before chaging the served NR band, the network should first acquire UE’s radio capability to obtain UE’s supported band list. During initial access procedure, the UE radio capability may be forwarded to gNB from AMF in first NG-C message (UE Context Setup Request), or via Uu UECapabilityEnquiry procedure, but both of them occur after delivering RRCSetup message. So it is impossible for network to change the served band during RRC connection setup procedure.    
Observation 4:  The network cannot change the served band during RRC connection setup procedure, because network does not know UE’s capability (e.g. supported bands) at that time. 
In addition, for RRC connection resume procedure, although it was not mentioned in RAN3’s LS, and network already had UE radio capability in stored UE context, the network cannot trigger band change in RRCResume message, because based on the current TS 38.331, RRCResume message cannot include reconfigurationWithSync field, so it can not carry FrequencyInfoDL field.   
Observation 5:  The network cannot change the served band during RRC connection resume procedure, because RRCResume message cannot carry reconfigurationWithSync field. 
While after RRC connection is established, and gNB already receives UE’s radio capaiblity, it is possbile to update the served NR band by triggering intra-frequency handover procedure. So regarding RAN3’s first question, we propose:
Proposal 1: Reply to RAN3 that network can change the UE’s served band only after RRC connection is established and UE’s radio capability is obtained (i.e. updating band during RRC connection setup or RRC connection resume is not supported).
Whether the BandCombinationIndex can be used to indicate the selected band?
The other question Q2 is to clarify that in split gNB case, if gNB-DU decide to change the band of UE’s serving band, whether gNB DU can inform CU about the newly selected band by reusing existing field “Selected BandCombinationIndex” (see below)?
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TS 38.473 Start ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
[bookmark: _Toc20955930][bookmark: _Toc29893048][bookmark: _Toc36556985][bookmark: _Toc45832433]9.3.1.26	DU to CU RRC Information
This IE contains the RRC Information that are sent from the gNB-DU to the gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	CellGroupConfig
	M
	
	OCTET STRING
	CellGroupConfig, as defined in TS 38.331 [8].
	
	

	MeasGapConfig
	O
	
	OCTET STRING
	MeasGapConfig as defined in TS 38.331 [8].
For EN-DC/NGEN-DC operation, includes the gap for FR2, as requested by the gNB-CU via MeasConfig IE. 

For NG-RAN,NE-DC and MN for NR-NR DC, includes the gap(s) for FR1 and/or FR2, as requested by the gNB-CU via MeasConfig IE and according to the requested gap type (per-UE or per-FR).
	
	

	Requested P-MaxFR1
	O
	
	OCTET STRING
	requestedP-MaxFR1, as defined in TS 38.331 [8]. 
For EN-DC,  NGEN-DC and NR-DC operation, this IE should be included.
	
	

	DRX Long Cycle Start Offset
	O
	
	INTEGER (0..10239)
	Identical to the value of the drx-LongCycleStartOffset IE within the DRX-Config as defined in TS 38.331 [8].
This field is not used in NR-DC.
	
	

	Selected BandCombinationIndex
	O
	
	OCTET STRING
	BandCombinationIndex, as defined in TS 38.331 [8]. 
For (NG)EN-DC and NR DC operation, this IE should be included so that gNB-CU is informed of the selected Band Combination.
	YES
	ignore

	Selected FeatureSetEntryIndex
	O
	
	OCTET STRING
	FeatureSetEntryIndex, as defined in TS 38.331 [8]. 
For (NG)EN-DC and NR DC operation, this IE should be included so that gNB-CU is informed of the selected FeatureSet.
	YES
	ignore

	Ph-InfoSCG
	O
	
	OCTET STRING
	PH-TypeListSCG, as defined in TS 38.331 [8].For MR-DC, this IE should be included so that gNB-CU is informed of the Power Headroom type for each serving cell in SN.
	Yes
	ignore

	Requested BandCombinationIndex
	O
	
	OCTET STRING
	BandCombinationIndex, as defined in TS 38.331 [8]. 
This IE is used for the gNB-DU to request a new Band Combination.
	YES
	ignore

	Requested FeatureSetEntryIndex
	O
	
	OCTET STRING
	FeatureSetEntryIndex, as defined in TS 38.331 [8]. 
This IE is used for the gNB-DU to request a new Feature Set.
	YES
	ignore

	DRX Config
	O
	
	OCTET STRING
	DRX-Config, as defined in TS 38.331 [8].
This field is only used in NR-DC.
	YES
	ignore

	PDCCH BlindDetectionSCG
	O
	
	OCTET STRING
	pdcch-BlindDetectionSCG, as defined in TS 38.331 [8]. This IE is used between the MgNB-DU and the MgNB-CU.
	YES
	ignore

	Requested PDCCH BlindDetectionSCG
	O
	
	OCTET STRING
	requestedPDCCH-BlindDetectionSCG, as defined in TS 38.331 [8]. This IE is used between the SgNB-DU and the SgNB-CU.
	YES
	ignore

	Ph-InfoMCG
	O
	
	OCTET STRING
	PH-TypeListMCG, as defined in TS 38.331 [8]. For MR-DC, this IE should be included so that gNB-CU is informed of the Power Headroom type for each serving cell in MCG.
	YES
	ignore

	MeasGapSharingConfig
	O
	
	OCTET STRING
	MeasGapSharingConfig as defined in TS 38.331 [8].
	YES
	ignore

	SL-PHY-MAC-RLC-Config
	O
	
	OCTET STRING
	SL-PHY-MAC-RLC-Config as defined in TS 38.331 [8].
	YES
	ignore

	SL-ConfigDedicatedEUTRA
	O
	
	OCTET STRING
	SL-ConfigDedicatedEUTRA as defined in TS 38.331 [8].
	YES
	ignore

	Requested P-MaxFR2
	O
	
	OCTET STRING
	RequestedP-MaxFR2, as defined in TS 38.331 [8]. 
For NR-DC operation, this IE should be included.
	YES
	ignore


~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ TS 38.473 End ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
As indicated above, the definition of the field is referrring to the “BandCombinationIndex” defined in TS 38.331. In TS 38.331, the field is defined in inter-node RRC messages, mainly used for SN to inform MN the selected band combination. The corresponding field description is given in Annex. 
In short, the BandCombinationIndex value represents a given band combination reported by UE in supported band combination list of capability container. In addition, from RAN2’s point of view, to reduce the UE capability size, the UE can report its supported band combination list according to the “band filter” set by network. When generates the supported band combination list, the UE is not allowed to include fallback combinations with the same capabilities of another band combination. In addition, based on the agreement made in RAN2#110e meeting, the UE is allowed to include non-CA band combination when the UE supports different capability from that of superset BC. Therefore, the supported band combination list can include single band and band combinations.   
Observation 6:  The band information indicated through BandCombinationIndex can be a single band, or band combination. 
Back to RAN3’s question, as indicated in the LS, the purpose of informing CU the newly selected band, is to facilitate CU to update the measurement object if needed. So in our understanding, it is sufficient to resuse the “BandCombinationIndex” field defined in F1 interface, because:
Based on latest RAN4 spec, so far, RAN4 has defined the following overlapping bands for FR1:
	Overlapping bands group
	band
	UL
	DL
	Duplex mode

	Group 1
	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	
	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	Group 2
	n91
	832 MHz – 862 MHz
	1427 MHz – 1432 MHz
	FDD

	
	n92
	832 MHz – 862 MHz
	1432 MHz – 1517 MHz
	FDD

	Group 3
	n93
	880 MHz – 915 MHz
	1427 MHz – 1432 MHz
	FDD

	
	n94
	880 MHz – 915 MHz
	1432 MHz – 1517 MHz
	FDD

	Group 4
	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	
	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	Group 5
	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	
	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD


Take “Group 1: n2+n25” as an example, for inter-band CA band combination, according to Table 5.5A.3.1-1, Table 5.5A.3.2-1 and Table 5.5A.3.3-1 in TS 38.101-1, RAN4 has defined dozens of BCs that including n2 or n25. However, non of them includes both n2 and n25 simultaneously. This implies that, one band combination can implicitly indicate the band from a given overlapping band group. 
For instance: a UE reports the following supported Band Combination List:
· Index =0, CA_n2A_n77A
· Index =1, CA_n2A_n78A;
· Index =2, CA_n25A_n66A_n78A;
· Index =3, CA_n25A_n66A_n71A;
During initial access, the NW determines the UE has selected band n2 as serving band (UE supports both n2 and n25, and n2 is the first band listed in SIB1). Then if DU decides to change it to n25, the DU can feedback BandCombinationIndex equals to 2 or 3. By receiving the field, CU can know the served band has been changed because the original served band (n2) does not fit those BC. And CU can know the served band is changed into n25 because CU knows n2 and n25 are overlapping bands. 
Note that the indicated band combination may be a superset of current configuration (e.g. UE reports Index 2, but UE is not configured with CA). But we see no problem of this, because CU knows the number of configured serving cells and serving frequencies (in MHz), thus it can derive the information it cares.  
Observation 7:  From RAN2 point of view, it is feasible to derive the served band information via BandCombinationIndex. 
Some company may argue there is one exceptional case: “Group5: n77+n78”, that RAN4 defines band combination “CA_n77A-n78A”. However, after checking the discussion history in RAN4[2] , the intention of introducing this BC is to replace non-contiguous CA for n77 for early deployment. And as specified in TS 38.101-1, UE still applies the minimum requirements defined for intra-band contiguous or non-contiguous CA for CA_n77A-n78A. So in fact, network may deploy n77 and n78 cells in non-overlapping frequency domain, not broadcasting MFBI. In addition, UE usually supports multiple band combinations, so that DU can simply use the BandCombinationIndex of other supported BCs to deliver the update band info. For example: CA_n1A_77A, CA_n1A_n78A and so on. 
Company may also argue that the SupportedBandCombinationList may not include all UE supported band, because it relies on the band filter set by network. However, when network sets the capability filer, it is staightforward that at least the bands deployed by operator will be taken into account. And based on LTE experience, the main use case of changing serving band is to fit more band combination. For instance, a UE supports both n38 and n41 initially selects band n38 when entering the MFBI cell, however, the UE only suppports CA combination when PCell is operating on n41, not n38. Thus network has to trigger intra-cell handover to update serving band to n41, in order to add SCells. Thus even for NR SA, it is impossible that UE will report irrelevant BCs in SupportedBandCombinationlList, and this is within the network control.  
In summary, regarding RAN3’s question, we think it is feasible to reuse “Selected BandCombinationIndex” field to deliver the update band information from DU to CU. There is no need to introduce additional field in F1 interface.
Proposal 2: Reply to RAN3 that “Selected BandCombinationIndex” field in F1AP can be reused to indicate the selected band.
An draft reply LS is provided in [3].
Proposal 3: Approve the LS in [3].
4. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
[bookmark: _Toc535476034]Observation 1:  During initial access to an MFBI cell, the UE will select the first supported band broadcast in SIB1, and network can know this information after obtaining UE’s radio capability. 
Observation 2:  Network can trigger intra-cell handover to update the served band of serving cell, and the new NR band can be selected by gNB-DU.
Observation 3:  When network updates the served band of serving cell, network may also need to update the measObjectNR of serving frequencies.
Observation 4:  The network cannot change the served band during RRC connection setup procedure, because network does not know UE’s capability (e.g. supported bands) at that time. 
Observation 5:  The network cannot change the served band during RRC connection resume procedure, because RRCResume message cannot carry reconfigurationWithSync field. 
Observation 6:  The band information indicated through BandCombinationIndex can be a single band, or band combination. 
Observation 7:  From RAN2 point of view, it is feasible to derive the served band information via BandCombinationIndex. 
Proposal 1: Reply to RAN3 that network can change the UE’s served band only after RRC connection is established and UE’s radio capability is obtained (i.e. updating band during RRC connection setup or RRC connection resume is not supported).
Proposal 2: Reply to RAN3 that “Selected BandCombinationIndex” field in F1AP can be reused to indicate the selected band.
Proposal 3: Approve the LS in [3].
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6. Annex
TS 38.331, field description of bandCombinationIndex IE:
	bandCombinationIndex
In case of NR-DC, this field indicates the position of a band combination in the supportedBandCombinationList. In case of NE-DC, this field indicates the position of a band combination in the supportedBandCombinationList and/or supportedBandCombinationListNEDC-Only. In case of (NG)EN-DC, this field indicates the position of a band combination in the supportedBandCombinationList and/or supportedBandCombinationList-UplinkTxSwitch. Band combination entries in supportedBandCombinationList are referred by an index which corresponds to the position of a band combination in the supportedBandCombinationList. Band combination entries in supportedBandCombinationListNEDC-Only are referred by an index which corresponds to the position of a band combination in the supportedBandCombinationListNEDC-Only increased by the number of entries in supportedBandCombinationList. Band combination entries in supportedBandCombinationList-UplinkTxSwitch are referred by an index which corresponds to the position of a band combination in the supportedBandCombinationList-UplinkTxSwitch increased by the number of entries in supportedBandCombinationList.











