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Introduction
A way forward [1] was recently agreed with a goal to clarify and resolve any ambiguity in the reported UE capability for intrabandENDC-support.  This contribution provides a historical context on the motivation and need for this capability signaling and therefore how to interpret contiguous vs. non-contiguous capabilities as signaled by the UE.  Impacts to legacy, fallback, and UE RF requirements are also discussed.
Discussion
In 38.306 a UE capability is defined [2] to indicate whether the UE supports only non-contiguous or both contiguous and non-contiguous spectrum for EN-DC combinations.
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.
Thus, the capability is either “C-only”, “NC-only”, or “both C and NC” without any distinction between uplink and downlink.  It is noted that the support of contiguous (bandwidth classes) or non-contiguous (multiple sub-blocks in the same band) for uplink and downlink are independently signaled in the E-UTRA and NR cell groups within the bandCombination.
BandCombination ::=                 SEQUENCE {
    bandList                            SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,
    featureSetCombination               FeatureSetCombinationId,
    ca-ParametersEUTRA                  CA-ParametersEUTRA                          OPTIONAL,
    ca-ParametersNR                     CA-ParametersNR                             OPTIONAL,
    mrdc-Parameters                     MRDC-Parameters                             OPTIONAL,
    supportedBandwidthCombinationSet    BIT STRING (SIZE (1..32))                   OPTIONAL,
    powerClass-v1530                    ENUMERATED {pc2}                            OPTIONAL
}

MRDC-Parameters ::= SEQUENCE {
    singleUL-Transmission               ENUMERATED {supported}              OPTIONAL,
    dynamicPowerSharingENDC             ENUMERATED {supported}              OPTIONAL,
    tdm-Pattern                         ENUMERATED {supported}              OPTIONAL,
    ul-SharingEUTRA-NR                  ENUMERATED {tdm, fdm, both}         OPTIONAL,
    ul-SwitchingTimeEUTRA-NR            ENUMERATED {type1, type2}           OPTIONAL,
    simultaneousRxTxInterBandENDC       ENUMERATED {supported}              OPTIONAL,
    asyncIntraBandENDC                  ENUMERATED {supported}              OPTIONAL,
    ...,
    [[
    dualPA-Architecture                 ENUMERATED {supported}              OPTIONAL,
    intraBandENDC-Support               ENUMERATED {non-contiguous, both}   OPTIONAL,
    ul-TimingAlignmentEUTRA-NR          ENUMERATED {required}               OPTIONAL
    ]]
}

BandParameters ::=                      CHOICE {
    eutra                               SEQUENCE {
        bandEUTRA                           FreqBandIndicatorEUTRA,
        ca-BandwidthClassDL-EUTRA           CA-BandwidthClassEUTRA                 OPTIONAL,
        ca-BandwidthClassUL-EUTRA           CA-BandwidthClassEUTRA                 OPTIONAL
    },
    nr                                  SEQUENCE {
        bandNR                              FreqBandIndicatorNR,
        ca-BandwidthClassDL-NR              CA-BandwidthClassNR                    OPTIONAL,
        ca-BandwidthClassUL-NR              CA-BandwidthClassNR                    OPTIONAL
    }
}

Interpretation of contiguous and non-contiguous
Two options for the interpretation of contiguous and non-contiguous have been presented [1].
· Option 1: For intra-band ENDC, If LTE sub block is contiguous with NR sub block, it is contiguous EN-DC. Otherwise, it is non-contiguous. (If the channel spacing between LTE carrier and adjacent NR carrier are contiguous, i.e., the channel spacing is equal to or less than the nominal channel spacing of EN-DC channel spacing specified in TS 38.101-3)
· Option 2: The entire LTE and NR spectrum are contiguous, i.e., all carriers are contiguously spaced. In other word, all the adjacent carriers including intra LTE carriers and intra NR carriers are contiguously spaced
To judge which of these options is most appropriate, it is beneficial to reconsider the motivation for defining the capability at all.  In an LS [3] from RAN4 to RAN2, it is written “UE architectures and capabilities vary based on the various case 1 and case 2 requirements” to justify the need to introduce the capability where case 1 is contiguous and case 2 is non-contiguous.  In other words, the requirements for non-contiguous EN-DC are different from those of contiguous EN-DC, and depending on its architecture, the UE may be able to support “C-only” or “both C and NC.”  RAN4 indicated in its LS “RAN4 assumes that if a UE supports case 2 that it also supports case 1” so there is no need for the “NC-only” option even though it is included in RAN2 signaling.
The fundamental architecture difference considered for contiguous vs. non-contiguous is whether the UE operates on the two carriers with a common RF chain or with independent RF chains per carrier.  In general, it has been assumed that for contiguous intra-band CA and EN-DC, the specifications are written to enable a common RF chain for both carriers.  Conversely, for non-contiguous intra-band CA and EN-DC, the specifications are written with the assumption that independent RF chains are available for each carrier.  Of course, the actual architectural design for any UE is not restricted to these assumptions so long as the requirements can be met.  It was also generally understood that contiguous CA/DC, while specified with a common RF architecture, could be implemented with dual RF chains since the specifications should be more relaxed (with the exception of specifications impacted by cross-coupling either conducted or through the antenna).  Hence, RAN4 wrote that a UE capable of supporting case 2 should also support case 1.  On the other hand, the converse is not true in general.  A single RF chain may not have the bandwidth and dynamic range to support non-contiguous CA/DC.
With this understanding, Option 2 is the most appropriate interpretation of intrabandENDC-Support consistent with the prior understanding of architectural assumptions that motivated introduction of the capability.
Proposal:  Adopt option 2. The entire LTE and NR spectrum are contiguous, i.e., all carriers are contiguously spaced. In other word, all the adjacent carriers including intra LTE carriers and intra NR carriers are contiguously spaced.
In fact, 38.101-3 defines intra-band EN-DC contiguous bandwidth classes as follows.  Thus, the notion that contiguous intra-band EN-DC implies that all carriers including those within the cell groups are contiguous is described by this notation
Table 5.3.B-1: Intra-band contiguous EN-DC bandwidth classes
	Intra-band contiguous EN-DC bandwidth class
	Number of
contiguous CC

	
	E-UTRA
	NR

	AA
	1
	1

	AB
	1
	2

	CA
	2
	1

	DA
	3
	1



Intra-band EN-DC scenarios
The following scenarios consisting of a single NR carrier and one or two E-UTRA carriers with single uplink in both NR and E-UTRA is shown below
[image: ]
A mapping of the intra-band contiguous and non-contiguous EN-DC configurations defined in 38.101-3 to these scenarios is provided below.  Note that the scenarios above only illustrate up to two component carriers aggregated in the E-UTRA cell group can be extended to greater than two without loss of generalization.
	Table 5.5B.2-1: Intra-band contiguous EN-DC configurations

	[bookmark: RANGE!A2]EN-DC
	Uplink EN-DC
	Scenario number
	

	configuration
	configuration
	
	

	 
	(NOTE 1)
	
	

	DC_(n)5AA
	DC_(n)5AA6
	1
	

	DC_(n)12AA
	DC_(n)12AA6
	1
	

	DC_(n)38AA5
	DC_(n)38AA6
	1
	

	DC_(n)41AA5
	DC_(n)41AA
	1
	

	DC_(n)41AB5
	
	2
	

	DC_(n)41CA5
	
	
	

	DC_(n)41DA5
	
	
	

	DC_(n)41AB5
	DC_41A_n41A
	10
	

	DC_(n)41CA5
	
	
	

	DC_(n)41DA5
	
	
	

	DC_(n)48AA5
	DC_(n)48AA6
	1
	

	DC_(n)48CA5
	DC_(n)48AA6
	2
	

	
	DC_48A_n48A6
	10
	

	DC_(n)48DA5
	DC_(n)48AA6
	2
	

	
	DC_48A_n48A6
	10
	

	DC_(n)71AA2
	DC_(n)71AA
	1
	



	Table 5.5B.3-1: Intra-band non-contiguous EN-DC configurations

	EN-DC
	Uplink EN-DC
	Scenario number

	
	configuration
	

	
	(NOTE 1)
	

	DC_2A_n2A
	DC_2A_n2A5
	3

	DC_3A_n3A
	DC_3A_n3A2
	3

	DC_5A_n5A
	DC_5A_n5A5
	3

	DC_7A_n7A6
	DC_7A_n7A5
	3

	DC_41A_n41A3
	DC_41A_n41A
	3

	DC_41C_n41A3
	
	4, 5

	DC_41D_n41A3
	
	

	DC_48A_n48A3
	DC_48A_n48A5
	3

	DC_48A_(n)48AA3
	DC_(n)48AA5
	8

	
	DC_48A_n48A5
	9

	DC_48A-48A_n48A3
	DC_48A_n48A5
	6, 7

	DC_48C_n48A3
	DC_48A_n48A5
	4, 5

	DC_48D_n48A3
	DC_48A_n48A5
	4, 5

	DC_66A_n66A
	DC_66A_n66A5
	3



	Scenario
	
	
	
	
	
	
	
	
	

	1
	
	
	
	
	E ↕
	N ↕
	
	Continguous

	
	
	
	
	
	
	
	
	
	


Uplink vs. downlink
Since there is a single indication for intrabandENDC-support, there is presently no way to distinguish uplink capability from downlink capability.  In particular, scenarios 8 and 10 illustrate cases where the EN-DC is regarded as non-contiguous on the downlink but contiguous on the uplink, or vice-versa.  Scenario 11 is the case where the E-UTRA uplink is provided in a different band, i.e., an intra-band EN-DC configuration with an inter-band CA component.  Therefore, only downlink EN-DC is applicable in the intra-band portion and it is contiguous for scenario 11.  
One suggestion from [1] is to create separate capability signaling for UL vs. DL, but the challenge is that such signaling might only be available from Rel-16 and onward.  In that case, it would be recommended to introduce separate capability starting from Rel-16 and to accept a restricted solution with common signaling for Rel-15.  Rel-15 UE’s and network implementations may not be able to realize all possible EN-DC configurations as described below.
If separate UL and DL signaling is not available, another option is to signal the lowest capability between UL and DL.  Since it is assumed that a UE supporting non-contiguous can also support contiguous, then the lowest capability is contiguous-only.  Therefore, if either UL or DL is only capable of contiguous-only, then this capability would apply to both UL and DL as the single reported value for intrabandENDC-Support.  One drawback of this approach is potential under-reporting since either the UL or the DL might have been capable of non-contiguous or both contiguous and non-contiguous, instead of the contiguous-only limitation imposed by the other.  Another drawback is that a UE might be capability of C-only on the UL and NC-only on the DL.  Since the two capabilities are orthogonal from a signaling perspective, then it is not possible for both UL and DL capabilities to be represented by a single value.  While signaling does allow for this condition, as described previously, RAN4’s understanding is that a UE that supports NC also supports C; in other words, there is no UE that would need to signal an NC-only capability.
In the scenarios pictured above, scenarios 8 and 10 would be limited if the UE reports C-only.  In scenario 8, the DL SCC for the E-UTRA CA configuration would need to be deconfigured and in scenario 10, the PCC for the E-UTRA CA configuration would need to be moved to the carrier adjacent to the NR carrier.
Observation:  Separate signaling for UL and DL enables greater flexibility to support different EN-DC scenarios and is recommended to be introduced in Rel-16.  If separate signaling is not available for Rel-15, then the lowest capability between UL and DL should be reported where the lowest capability is regarded as C-only.  Some scenarios will not be able to be configured by the network as a consequence.
Fallback
Fallback occurs when one of the carriers (UL-only or UL-and-DL) in a CA configuration is deconfigured leaving the remaining carriers.  Support of fallback configurations is mandatory for the UE, but fallback from a contiguous CA configuration to a non-contiguous CA configuration is not regarded as fallback and therefore should not be assumed to be supported.  In the context of EN-DC with intra-band CA in one or both of the cell groups, the concern expressed is that fallback within the CA configuration can lead to an EN-DC configuration that is no longer supported.  For example, if a UE reports C-only but the adjacent E-UTRA carriers is deconfigured, the resulting EN-DC now becomes non-contiguous and no longer supported by the UE.  However, in this case following the principle for CA, fallback from C to NC is not required.  Therefore, it should not be expected that the UE can necessarily support C-to-NC fallback unless the UE signals both C and NC as its capability.  On the other hand, a fallback from NC-to-C should be supported due to RAN4’s understanding that a UE that supports NC also supports C.  The problem is that RAN2 signaling is more general and allows for NC-only reporting.  A clarification in RAN2 or RAN4 might be helpful.
Proposal:  EN-DC C-to-NC fallback is not required to be supported by the UE.  On the other hand, it is expected that the UE supports NC-to-C fallback.
UE requirements
UE RF requirements differ for contiguous EN-DC vs. non-contiguous EN-DC.  Generally, the requirements for contiguous EN-DC are written against an aggregated EN-DC bandwidth whereas the requirements for non-contiguous EN-DC refer independently to the single cell requirements for each cell group.  It is recommended to update the 38.101-3 UE RF requirements to accommodate intra-band CA within the cell group.  The principle can remain the same but for example, it should be clarified that aggregated EN-DC bandwidth should refer to the aggregated bandwidth of the contiguous carriers only and that the non-contiguous carriers/sub-blocks should be treated independently.  Furthermore, the ACS and blocking tables are only defined for maximum aggregated bandwidth of 160 MHz, but there exist contiguous EN-DC configurations with aggregated bandwidth larger than this, for example, DC_(n)41DA.
Proposal:  The UE RF requirements for intra-band contiguous and non-contiguous EN-DC should be updated to reflect the possibility of intra-band contiguous or non-contiguous CA within the E-UTRA and/or NR cell group.  The principle that contiguous carriers, whether they are E-UTRA or NR, are treated as a single sub-block while non-contiguous carriers are treated independently should apply.
Conclusion
UE capability signaling of intrabandENDC-Support is needed to inform the network of any limitations in EN-DC configurations that the UE might have due to architectural constraints.  In particular, requirements for contiguous configurations have generally been defined assuming a single RF chain while requirements for non-contiguous configurations have assumed independent RF chains for each carrier or cell group.  With this understanding, then the most appropriate interpretation of contiguous EN-DC is for all carriers within and between cell groups to be contiguous.  Uplink and downlink capabilities may differ, but given that only one signaling value is available, then the lowest capability between UL and DL should be signaled.  At the same time, it might be beneficial to ask RAN2 if independent signaling for UL and DL could be made available for Rel-16.  Fallback is another important consideration.  Fallback from C-to-NC has never been regarded as mandatory since it would imply a dual RF design which may not have been necessary for C-only.  Therefore, the same understanding should apply to EN-DC as well.  On the other hand, NC-to-C fallback should be supported in RAN4’s understanding, but RAN2 signaling is general enough that a contradiction in capability signaling might preclude this.  Lastly, RAN4 UE RF requirements should be updated to accommodate carrier aggregation within EN-DC using the same principles of setting the requirements per sub-block.  In this case a sub-block may consist of adjacent carriers not only of same technology (i.e., E-UTRA + E-UTRA) but also differing technology (NR + E-UTRA).
The proposals and observations presented in this contribution are summarized below.
Proposal 1:  Adopt option 2. The entire LTE and NR spectrum are contiguous, i.e., all carriers are contiguously spaced. In other word, all the adjacent carriers including intra LTE carriers and intra NR carriers are contiguously spaced.
Observation:  Separate signaling for UL and DL enables greater flexibility to support different EN-DC scenarios and is recommended to be introduced in Rel-16.  If separate signaling is not available for Rel-15, then the lowest capability between UL and DL should be reported where the lowest capability is regarded as C-only.  Some scenarios will not be able to be configured by the network as a consequence.
Proposal 2:  EN-DC C-to-NC fallback is not required to be supported by the UE.  On the other hand, it is expected that the UE supports NC-to-C fallback.
Proposal 3:  The UE RF requirements for intra-band contiguous and non-contiguous EN-DC should be updated to reflect the possibility of intra-band contiguous or non-contiguous CA within the E-UTRA and/or NR cell group.  The principle that contiguous carriers, whether they are E-UTRA or NR, are treated as a single sub-block while non-contiguous carriers are treated independently should apply.
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