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1	Introduction
In this contribution, we plan to discuss a field issue with intra-band EN-DC deployments wherein the MN/SN do not have enough information to configure the UE with intra-band contiguous/non-contiguous EN-DC based on the UE’s reported capability. As a result, there is a reconfiguration failure declared by the UE.
2	Channel spacing and contiguous/non-contiguous intra-band EN-DC
In TS 38.101-3, subclause 5.4B.1 for intra-band EN-DC, the following is the definition of channel spacing which determines if the case is intra-band non-contiguous EN-DC or intra-band contiguous EN-DC (emphasis with word colouring added to illustrate key passages).
	5.4B.1	Channel spacing for intra-band EN-DC carriers
The spacing between carriers will depend on the deployment scenario, the size of the frequency block available and the channel bandwidths. The nominal channel spacing between and E-UTRA carrier and an adjacent NR carrier for intra-band contiguous EN-DC is defined as following:
-	For NR operating bands with 100 kHz channel raster,
Nominal Channel spacing = (BWE-UTRA_Channel + BWNR_Channel)/2
-	For NR operating bands with 15 kHz channel raster,
	Nominal Channel spacing = (BWE-UTRA_Channel + BWNR_Channel)/2+{-5kHz, 0kHz, 5kHz}
-	For NR operating bands with 30 kHz channel raster,
	Nominal Channel spacing = (BWE-UTRA_Channel + BWNR_Channel)/2+{-10kHz, 0kHz, 10kHz}
where BWE-UTRA_Channel and BWNR_Channel are the channel bandwidths of the E-UTRA and NR carriers. The channel spacing can be adjusted depending on the channel raster to optimize performance in a particular deployment scenario.
For intra-band non-contiguous EN-DC the channel spacing between E-UTRA and NR carriers shall be larger than the nominal channel spacing defined in this subclause.



[bookmark: _Toc13127605]The channel spacing between E-UTRA and NR is then used to determine whether the consequent deployment is considered to be contiguous or non-contiguous. Network uses this knowledge to determine whether UE supports the desired (CA) spectrum utilization when checking the UE capabilities. Thus, network needs to know both the E-UTRA and NR (contiguous) spectrum blocks to do that. Further, the RAN4 text in question considers the entire contiguous "subblock" of spectrum, i.e. it doesn't take a stance on whether this sub-block contains one or more serving cells and this applies for both LTE and NR.
Observation 1: Network needs to know both the BWE-UTRA_Channel and BWNR_Channel to compute the nominal channel spacing between contiguous E-UTRA and NR subblocks involved in the contiguous intra-band EN-DC.
Further, while the frequency usage is cell and deployment specific, CA configuration is always UE-specific since different UEs support different EN-DC/CA configurations. Therefore, this knowledge cannot always be considered as "fixed" for all UEs.
Observation 2: The nominal channel spacing is UE specific (and not cell/deployment specific) and determines whether the (intra-band) spectrum arrangement is contiguous or non-contiguous. It is a function of the center frequency and the UE specific “channel bandwidth”.
This means that certain information requires UE-specific signalling since it depends on UE capabilities. We attempt to further illustrate some example cases with Figure 2-1 below, illustrating some cases with different center frequencies and channel bandwidths for LTE and NR carriers. (Note: These are not exhaustive examples but are used to illustrate the issue we describe in this contribution.)
[image: ]
Figure 2-1: Example cases of intra-band contiguous/non-contiguous EN-DC
Let's now consider the examples of Figure 2-1: In all cases, the LTE and NR eNB and gNB are operating with bandwidth X and Y MHz (respectively), i.e. network has a fixed operating bandwidth determined by deployment (i.e. it is NOT UE-specific). Then we can describe Case 1 through to Case 5 as follows:
Intra-band contiguous EN-DC cases
Case 1: LTE and NR SpCell are frequency-adjacent (disregarding guard bands). 
Case 2: LTE and NR SpCell are frequency-adjacent but NR channel bandwidth for the UE is larger than for Case 1.
Intra-band non-contiguous EN-DC cases
Case 2: LTE and NR SpCell are not frequency-adjacent (i.e. frequency separation is larger than guard band). 
Case 4: LTE and NR SpCell are not frequency-adjacent but LTE SpCell and NR SpCell are placed at the "start" of the LTE/NR cell bandwidths.
Case 5: LTE and NR SpCell are not frequency-adjacent with NR SpCell placed at the "end" of the NR cell bandwidth.
We can observe that all of the above are possible configurations for UEs as network may desire to split the frequency in certain ways (e.g. for interference coordination purposes), and different UEs may support different channel bandwidths in a given frequency band depending on their capabilities.
Observation 3: In a given frequency band each UE may support a different channel bandwidth due to its capabilities and as a result it can never be expected that the network allocates the same channel bandwidth to all the UEs making it impossible to coordinate the calculation of nominal channel bandwidth using OAM.
Observation 4: As the network can flexibly allocate LTE and NR SpCell within the operating bandwidth of the LTE or NR system, from a UE point of view the configuration varies between intra-band non-contiguous EN-DC and intra-band contiguous EN-DC.
Hence, to allow all of these cases to exist, we observe that network needs to be aware of which case is used for each and every UE in intra-band EN-DC configuration (i.e. whether the UEs are using contiguous or non-contiguous intra-band EN-DC).
Observation 5: To determine whether UE uses contiguous or non-contiguous intra-band EN-DC, network needs to calculate the nominal channel spacing, for which it needs to know both the center frequency and the bandwidth of the involved E-UTRA and NR subblocks.
Therefore, since knowledge needs to be exchanged between MN and SN since neither will comprehend the other's RRC configuration as per Rel-15 principles. We will discuss how (and whether) this is possible in the next section.
3	Network knowledge of E-UTRA and NR channel bandwidths in EN-DC
In TS 38.306, the following refers to the UE capability for intra-band EN-DC support listing both the contiguous and non-contiguous support.
	intraBandENDC-Support
Indicates whether the UE supports intra-band (NG)EN-DC with only non-contiguous spectrum, or with both contiguous and non-contiguous spectrum for the (NG)EN-DC combination as specified in TS 38.101-3 [4].
If the UE does not include this field for an intra-band (NG)EN-DC combination the UE only supports the contiguous spectrum for the intra-band (NG)EN-DC combination.
	BC
	No
	N/A
	N/A



The RRC INM CG-Config from SN to MN carries the ARFCN of the PSCell and the SCells under the SN as shown below:
CG-Config-v1540-IEs ::=             SEQUENCE {
    pSCellFrequency                     ARFCN-ValueNR                                   OPTIONAL,
    reportCGI-RequestNR                 SEQUENCE {
        requestedCellInfo                   SEQUENCE {
            ssbFrequency                        ARFCN-ValueNR,
            cellForWhichToReportCGI             PhysCellId
        }                                                                               OPTIONAL
    }                                                                                   OPTIONAL,
    ph-InfoSCG                          PH-TypeListSCG                                  OPTIONAL,
    nonCriticalExtension                CG-Config-v1560-IEs                             OPTIONAL
}

CG-Config-v1560-IEs ::=             SEQUENCE {
    pSCellFrequencyEUTRA                ARFCN-ValueEUTRA                                OPTIONAL,
    scg-CellGroupConfigEUTRA            OCTET STRING                                    OPTIONAL,
    candidateCellInfoListSN-EUTRA       OCTET STRING                                    OPTIONAL,
    candidateServingFreqListEUTRA       CandidateServingFreqListEUTRA                   OPTIONAL,
    needForGaps                         ENUMERATED {true}                               OPTIONAL,
    drx-ConfigSCG                       DRX-Config                                      OPTIONAL,
    reportCGI-RequestEUTRA              SEQUENCE {
        requestedCellInfoEUTRA          SEQUENCE {
            eutraFrequency                             ARFCN-ValueEUTRA,
            cellForWhichToReportCGI-EUTRA              EUTRA-PhysCellId
        }                                                                               OPTIONAL
    }                                                                                   OPTIONAL,
    nonCriticalExtension                CG-Config-v1590-IEs                             OPTIONAL
}

CG-Config-v1590-IEs ::=             SEQUENCE {
    scellFrequenciesSN-NR               SEQUENCE (SIZE (1.. maxNrofServingCells-1)) OF  ARFCN-ValueNR          OPTIONAL,
    scellFrequenciesSN-EUTRA            SEQUENCE (SIZE (1.. maxNrofServingCells-1)) OF  ARFCN-ValueEUTRA       OPTIONAL,
    nonCriticalExtension                CG-Config-v1610-IEs                                                    OPTIONAL
}

However, the SN SCell ARFCN values in CG-Config-v1590 were originally introduced to allow measurement reporting identities coordination: Therefore, it seems they would likely point to the SSB frequencies and not to the actual SCell (center) frequencies.  But this is not made very clear in RRC as the field description only states it is the "frequency" of each SCG SCell.
	scellFrequenciesSN-EUTRA, scellFrequenciesSN-NR
Indicates the frequency of all SCells configured in SCG. The field scellFrequenciesSN-EUTRA is used in NE-DC; the field scellFrequenciesSN-NR is used in (NG)EN-DC and NR-DC. In (NG)EN-DC, the field is optionally provided to the MN.



Therefore, it can be seen that the current field description is not clear in this so network could conceivably consider these as the SCell center frequencies, but this is not made very clear in RRC as the field description only states it is the "frequency" of each SCG SCell. 
Observation 6: It is not clear whether the ARFCN values in CG-Config-v1590 point to the center frequency of the PSCell/SCell(s) under the SN and not to the SSB frequencies of each SCell. 
Since the SN SCell ARFCN values in CG-Config-v1590 were originally introduced to allow measurement reporting identities coordination, it seems they would likely point to the SSB frequencies and not to the actual SCell (center) frequencies, but to avoid inter-operability problems, it would be good to clarify this in the field description.
Proposal 1 : RAN2 to clarify in the description of the scellFrequenciesSN-EUTRA and scellFrequenciesSN-NR what the "frequency" means (i.e. carrier center frequency or the SSB frequency).
However: If the CG-Config-v1590 indeed indicates the Scell SSB frequencies, it seems that this information cannot be used by MN to determine the actual SCell (center) frequencies, which means MN cannot determine whether the entire SN (i.e. PSCell + SCells) frequency configuration is contiguous or non-contiguous with the E-UTRA. 
Observation 7: The RRC CG-Config INM only indicate the SN PSCell center frequency but not the SN SCell center frequencies.
However, in the X2AP Served Cell Information NR (see Annex A), center frequency of the cell is provided, but this is a static information that is exchanged when the X2AP connection is established. Hence, it is NOT UE-specific and does not take any UE channel bandwidth capabilities into account.
Observation 8: The Served Cell Information NR IE exchanged during the EN-DC X2 Setup/EN-DC Configuration Update procedure provides the center frequency, SCS and Transmission bandwidth of an NR Cell but this cannot conclusively tell the MN anything about the specific NR Cell configuration (e.g. Channel Bandwidth and center frequency) which is configured at the UE.
BandCombinationIndex ::= INTEGER (1..maxBandComb)

BandCombinationInfoSN ::=           SEQUENCE {
    bandCombinationIndex                BandCombinationIndex,
    requestedFeatureSets                FeatureSetEntryIndex
}

FR-InfoList ::= SEQUENCE (SIZE (1..maxNrofServingCells-1)) OF FR-Info

FR-Info ::= SEQUENCE {
    servCellIndex       ServCellIndex,
    fr-Type             ENUMERATED {fr1, fr2}
}

CandidateServingFreqListNR ::= SEQUENCE (SIZE (1.. maxFreqIDC-MRDC)) OF ARFCN-ValueNR

CandidateServingFreqListEUTRA ::= SEQUENCE (SIZE (1.. maxFreqIDC-MRDC)) OF ARFCN-ValueEUTRA

T-Offset-r16 ::= ENUMERATED {ms0dot5, ms0dot75, ms1, ms1dot5, ms2, ms2dot5, ms3, spare1}

-- TAG-CG-CONFIG-STOP
-- ASN1STOP

One may argue that the  BandCombinationInfoSN contains, via the respective featureSetEntryIndex, the UE specific NR PSCell/Scell(s) configuration (e.g. channel bandwidth). However, the MN cannot interpret them as described in the UE-NR_Capability which is not intended for the MN to process.
Observation 9: The requestedFeatureSets from SN to MN cannot be used to infer the PSCell/Scell(s) properties e.g. carrier bandwidth as this information cannot be interpreted by the MN.
Finally, we note that the per-UE channel bandwidth is not exchnaged at all for any of the SN serving cells, i.e. neither for the PSCell nor for the SN SCells. In sum, RAN2 needs to discuss how to allow MN/SN to know about the center frequency and the channel bandwidth allocated by one node towards the other node in order to ensure that the UE capability is taken into account while arriving at the intra-band EN-DC radio configuration. Otherwise, failures at the radio interface are bound to happen.
Proposal 2: RAN2 to discuss how to exchange PSCell/Scell(s) carrier center frequency and channel bandwidth to ensure UE capability is respected in intra-band EN-DC deployments.
4	Conclusion
In this contribution, we have discussed a real field issue with intra-band EN-DC deployments wherein the MN/SN do not have enough information to configure the UE with intra-band contiguous/non-contiguous EN-DC based on the UE’s reported capability. As a result, there is a reconfiguration failure declared by the UE. Based on our analysis, we make the following observations and proposals.
Observation 1: Network needs to know both the BWE-UTRA_Channel and BWNR_Channel to compute the nominal channel spacing between contiguous E-UTRA and NR subblocks involved in the contiguous intra-band EN-DC.
Observation 2: The nominal channel spacing is UE specific (and not cell/deployment specific) and determines whether the (intra-band) spectrum arrangement is contiguous or non-contiguous. It is a function of the center frequency and the UE specific “channel bandwidth”.
Observation 3: In a given frequency band each UE may support a different channel bandwidth due to its capabilities and as a result it can never be expected that the network allocates the same channel bandwidth to all the UEs making it impossible to coordinate the calculation of nominal channel bandwidth using OAM.
Observation 4: As the network can flexibly allocate LTE and NR SpCell within the operating bandwidth of the LTE or NR system, from a UE point of view the configuration varies between intra-band non-contiguous EN-DC and intra-band contiguous EN-DC.
Observation 5: To determine whether UE uses contiguous or non-contiguous intra-band EN-DC, network needs to calculate the nominal channel spacing, for which it needs to know both the center frequency and the bandwidth of the involved E-UTRA and NR subblocks.
Observation 6: It is not clear whether the ARFCN values in CG-Config-v1590 point to the center frequency of the PSCell/SCell(s) under the SN and not to the SSB frequencies of each SCell.
Observation 7: The RRC CG-Config INM only indicate the SN PSCell center frequency but not the SN SCell center frequencies.
Observation 8: The Served Cell Information NR IE exchanged during the EN-DC X2 Setup/EN-DC Configuration Update procedure provides the center frequency, SCS and Transmission bandwidth of an NR Cell but this cannot conclusively tell the MN anything about the specific NR Cell configuration (e.g. Channel Bandwidth and center frequency) which is configured at the UE.
Observation 9: The requestedFeatureSets from SN to MN cannot be used to infer the PSCell/Scell(s) properties e.g. carrier bandwidth as this information cannot be interpreted by the MN.
Proposal 1 : RAN2 to clarify in the description of the scellFrequenciesSN-EUTRA and scellFrequenciesSN-NR what the "frequency" means (i.e. carrier center frequency or the SSB frequency).
Proposal 2: RAN2 to discuss how to exchange PSCell/Scell(s) carrier center frequency and channel bandwidth to ensure UE capability is respected in intra-band EN-DC deployments.



[bookmark: _GoBack]Annex A: X2AP excerpts
[bookmark: _Toc20955280][bookmark: _Toc29991477][bookmark: _Toc20955288][bookmark: _Toc29991485]9.2.2.11	Served Cell Information NR
This IE contains cell configuration information of an NR cell that a neighbouring NG-RAN node may need for the Xn AP interface.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	NR-PCI
	M
	
	INTEGER (0..1007, …)
	NR Physical Cell ID
	–
	

	NR CGI
	M
	
	9.2.2.7
	
	–
	

	TAC
	M
	
	9.2.2.5
	Tracking Area Code
	–
	

	RANAC
	O
	
	RAN Area Code
9.2.2.6
	
	–
	

	Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs
	–
	

	>PLMN Identity
	M
	
	9.2.2.4
	
	–
	

	CHOICE NR-Mode-Info
	M
	
	
	
	–
	

	>FDD
	
	
	
	
	
	

	>>FDD Info
	
	1
	
	
	–
	

	>>>UL NR Frequency Info
	M
	
	NR Frequency Info
9.2.2.19
	
	–
	

	>>>DL NR Frequency Info
	M
	
	NR Frequency Info
9.2.2.19
	
	–
	

	>>>UL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth
9.2.2.20
	
	–
	

	>>>DL Transmission Bandwidth
	M
	
	NR Transmission Bandwidth
9.2.2.20
	
	–
	

	>TDD
	
	
	
	
	
	

	>>TDD Info
	
	1
	
	
	–
	

	>>>Frequency Info
	M
	
	NR Frequency Info
9.2.2.19
	
	–
	

	>>>Transmission Bandwidth
	M
	
	NR Transmission Bandwidth
9.2.2.20
	
	–
	

	>>>Intended TDD DL-UL Configuration NR
	O
	
	9.2.2.40
	
	–
	

	Measurement Timing Configuration
	M
	
	OCTET STRING
	Contains the MeasurementTimingConfiguration inter-node message for the served cell, as defined in TS 38.331 [10].
	–
	

	Connectivity Support
	M
	
	9.2.2.28
	
	–
	

	Broadcast PLMN Identity Info List NR
	
	0..<maxnoofBPLMNs-1>
	
	This IE corresponds to the PLMN-IdentityInfoList IE in SIB1 as specified in TS 38.331 [8]. The PLMN Identities and associated information contained in this IE are provided in the same order as broadcast in SIB1.
	YES
	ignore

	>Broadcast PLMNs
	
	1..<maxnoofBPLMNs>
	
	Broadcast PLMNs
	–
	

	>>PLMN Identity
	M
	
	9.2.2.4
	
	–
	

	>TAC
	M
	
	9.2.2.5
	
	–
	

	>NR Cell Identity
	M
	
	BIT STRING (SIZE(36))
	
	–
	

	>RANAC
	O
	
	RAN Area Code
9.2.2.6
	
	–
	



	Range bound
	Explanation

	maxnoofBPLMNs
	Maximum no. of broadcast PLMNs by a cell. Value is 12.

	maxnoofBPLMNs-1
	Maximum no. of PLMN Ids.broadcast a cell minus 1. Value is 11.



9.2.2.19	NR Frequency Info
The NR Frequency Info defines the carrier frequency and bands used in a cell for a given direction (UL or DL) in FDD or for both UL and DL directions in TDD or for SUL carrier.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	NR ARFCN
	M
	
	INTEGER (0.. maxNRARFCN)
	RF Reference Frequency as defined in TS 38.104 [24], section 5.4.2.1. The frequency provided in this IE identifies the absolute frequency position of the reference resource block (Common RB 0) of the carrier. Its lowest subcarrier is also known as Point A.

	SUL Information
	O
	
	9.2.2.18
	

	NR Frequency Band List
	
	[bookmark: OLE_LINK47]1
	
	

	[bookmark: OLE_LINK90]>NR Frequency Band Item
	
	1..<maxnoofNRCellBands>
	
	

	>>NR Frequency Band
	M
	
	[bookmark: OLE_LINK115]INTEGER (1.. 1024, ...)
	Primary NR Operating Band as defined in TS 38.104 [24], section 5.4.2.3.
The value 1 corresponds e n1, value 2 corresponds to NR operating band n2, etc.

	>>Supported SUL band List
	
	0..<maxnoofNRCellBands>
	
	

	>>>Supported SUL band Item
	M
	
	INTEGER (1.. 1024, ...)
	Supplementary NR Operating Band as defined in TS 38.104 [24] section 5.4.2.3 that can be used for SUL duplex mode as per TS 38.101-1 table 5.2-1.
The value 80 corresponds to NR operating band n80, value 81 corresponds to NR operating band n81, etc.



	[bookmark: OLE_LINK221]Range bound
	Explanation

	maxNRARFCN
	Maximum value of NRARFCNs. Value is 3279165.

	[bookmark: OLE_LINK153][bookmark: _Hlk508118788]maxnoofNRCellBands
	Maximum no. of frequency bands supported for a NR cell. Value is 32.



[bookmark: _Toc20955289][bookmark: _Toc29991486]9.2.2.20	NR Transmission Bandwidth
The NR Transmission Bandwidth IE is used to indicate either the UL or the DL transmission bandwidth.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	NR SCS
	M
	
	ENUMERATED (scs15, scs30, scs60, scs120, …)
	The values scs15, scs30, scs60 and scs120 corresponds to the sub carrier spacing in TS 38.104 [24].

	NR NRB
	M
	
	ENUMERATED (nrb11, nrb18, nrb24, nrb25, nrb31, nrb32, nrb38, nrb51, nrb52, nrb65, nrb66, nrb78, nrb79, nrb93, nrb106, nrb107, nrb121, nrb132, nrb133, nrb135, nrb160, nrb162, nrb189, nrb216, nrb217, nrb245, nrb264, nrb270, nrb273, ...)
	This IE is used to indicate the UL or DL transmission bandwidth expressed in units of resource blocks "NRB" (TS 38.104 [24]). The values nrb11, nrb18, etc. correspond to the number of resource blocks “NRB” 11, 18, etc.
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