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Introduction
In earlier RAN2 meetings, RAN2 has agreed to the logic where the NW can provide the list of LTE and/or NR bands that the UE can use to report the EN-DC band combinations, in an effort to reduce the UE capability signalling size. In this paper we discuss the additional reductions in UE capability size if the NW can provide further information in addition to the NW interested bands and through other options.
Discussion

Provision of further operating NR CA parameters 
With NR, the variations in the BW-classes have increased greatly. Also the number of band combinations including the variations in intra-band contiguous as well as non-contiguous configuration within the bands are expected to increase in NR (one of the reasoning being the large allowed bandwidth in NR bands).
Using the current method of UE reporting it’s supported CA BCs based on the bands provided by the NW, the UE could report a lot more band combinations (esp with variations of different BW-class, and the variations due to combinations of intra-band contiguous and non-contiguous cases the UE supports). The number of band combinations the UE can report could increase based on the number of bands provided by the NW. And the number of bands have increased in NR ( re-farming of LTE bands also helps to the cause).
If the NW does not really support all the variations, but only a subset of the ones the UE reported, then the remaining BCs the UE reported are not useful, especially when considering the fact that using the NW requested bands, the UE capability reported by the UE is anyway not comprehensive but specific to the gNB interests. Even if we assume a particular UE does not support all variations as well, there could be a lot of NR UEs with varying capabilities which would all report all the variations each of these UEs support.
Observation 1: With a set of bands that the gNB has requested for the UE to report, as part of UE capability for NR, a typical gNB may not be configured with all the possible combinations of CA BCs (including the BW-class variations and intra-band contiguous/non-contiguous variations for all the BWs) the NR specification allows with these bands. 
In a typical deployment scenario for the EN-DC case as well as the NR SA case, the gNB (SN in case of EN-DC) has at its disposable the following (among other things) for configuring NR CA (SCG in EN-DC):
· A list of NR frequency bands
· A chunk of bandwidth within each of the above bands
· Depending on the 38.101 specification as well as the configuration allowed, a maximum number of component carriers with each of the above bands
· Also depending on the 38.101 specification as well as the configuration allowed these carriers could be contiguous or non-contiguous
Usually the gNB is configured with an higher order CA BC where all (or most of the bands) that gNB can support, are present in this higher order CA and the depending on the UE supported CA BCs, the gNB would deploy a subset (or the full) supported band combination. It is not typical that the gNB is configured with two or more different sets of NR CA band combinations where the bands that are supported by the gNB do not figure in each of the CA BCs.
Observation 2: A certain deployment area is configured with one (or a few of)  higher order CA BC(s) where most (if not all) of the bands the gNB in the area can support are part of this BC. 
Parameters the NW can provide
In NR compared to LTE, the BW class definition is much more involved as can be seen in the table below. We already have at least five more BW classes compared to LTE, and the number of variations with this BW classes is only going to increase.
Also in NR, compared to LTE, BW class may not be an ideal candidate (or comprehensive) for helping the UE to provide more gNB deployment specific capability. But the following gNB parameters are very useful:
· The max BW is each band
· The max number of carriers it supports in each of these bands
The UE can report the relevant BCs with BW-classes that match the BW + number of CCs within this BW, that the UE can support and in this way just provide more context specific capability.
As an example, in the below table (just for one band in a BC), if the gNB is limited by maximum BW of 400 MHz (for this band when in BC), the UE could potentially skip the highlighted (7) entries from a BW-class perspective, and several more entries if the aggregated BW is also considered. This is valid even when the gNB can operate with higher BW for this band, when using a different BC configuration (in which case the NW can provide the other BC configuration and the UE can report based on that as well). The case can be made that the UE may also not support all of the BW-class/BWs, but when we see from the gNB perspective, there could be multiple UEs with differing capabilities and the redundancy applies to all of these.
The capability of the UE in terms of the maximum BW as well as the number of CCs supported, depends quite a bit on the CA configuration this band is being reported in. In this context, the amount of saving would increase even more when the UE supports inter-band CA where several entries in each of the bands/BW-classes are pruned for each specific BC. 
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Table 1: BCS definition for NR band 257

EN-DC deployment configurations

For EN-DC, where the NR is deployed based on an LTE MN, the typical use-case is to provide higher data-rates using the NR leg while the LTE provides the anchor services. This type of deployment is also used to ramp up NR deployment in a phased manner where full capabilities of NR may not be configured.
In cases like where the gNB may not be configured with a lot of bands, and lot of bandwidth deployments using these bands, we feel the UE reporting all of its supported BW-classes/BCS based for these bands where the gNB may not need all of these, is an inefficient way of signalling, and the signalling size reduction could be larger.
[bookmark: _GoBack]Observation 3: In EN-DC deployments, the secondary gNB may not have the full configuration and deployment options as a NR SA gNB has, in which case the UE reporting full set of capabilities of it’s supported BW-classes/BCS etc. can be avoided if the NW (LTE MN) provides the gNB interested configuration (of max BW/ max carriers for each of the bands it supports).
We understand that for EN-DC this requires that this specific information needs to be provided from the SN to MN for this option to work. However considering the amount of reduction in size this brings, we feel this change is worth pursuing.
Proposal 1 : If the NW provides frequency bands to the UE for the NR capability reporting from the UE, the Network is also given the option of providing a set of bands, where for each of these bands, the maximum interested BW and maximum number of carriers it can support, can be provided as well. This option is applicable to both EN-DC and NR SA.
Proposal 2: This option also allows the NW to provide a set of band combinations, where each band in the band combination provides the maximum BW and maximum number of carrier information. The UE shall report the BCs it supports, for each of these NW provided band combinations.
Conclusion and Text proposal
It is requested that RAN 2 discuss and agree on the following proposal:
[bookmark: _Toc510018717]Proposal 1 : If the NW provides frequency bands to the UE for the NR capability reporting from the UE, the Network is also given the option of providing a set of bands, where for each of these bands, the maximum interested BW and maximum number of carriers it can support, can be provided as well. This option is applicable to both EN-DC and NR SA.
Proposal 2: This option also allows the NW to provide a set of band combinations, where each band in the band combination provides the maximum BW and maximum number of carrier information. The UE shall report the BCs it supports, for each of these NW provided band combinations.
 We see no change to 36.331, as the content is encoded as bitstring for both the eNB and UE interface as well as eNB-eNB interface and the LTE MN provides the request as a bitstring which the EN-DC UE can decode.

38.331 change:

To be updated when the capability CR is finalized. Tentative proposal below.
FreqBandList information element

FreqBandList ::=	SEQUENCE (SIZE (1..maxBandsMRDC)) OF FreqBandInformation

// Can be also encoded to carry multiple of such band combination request.

FreqBandInformation ::= CHOICE {
	bandEUTRAInformation				FreqBandIndicatorEUTRAInformation,
	bandNRInformation					FreqBandIndicatorNRInformation
}


FreqBandNRInformation ::= SEQUENCE {
	bandNRInformation					FreqBandIndicatorNR,
	maximumBandwidthRequestedDL			SupportedBandwidth			OPTIONAL,
	maximumBandwidthRequestedUL			SupportedBandwidth			OPTIONAL,
	maximumNumberOfCarrierRequested		INTEGER (1..maxCC)				OPTIONAL
}


SupportedBandwidth ::= 	CHOICE {
		fr1							ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100},
		fr2							ENUMERATED {mhz50, mhz100, mhz200, mhz400}
	}

FreqBandEUTRAInformation ::= SEQUENCE {
	bandEUTRAInformation					FreqBandIndicatorEUTRA,
	bwClassRequested						CA-BandwidthClassEUTRA			OPTIONAL
}



-- ASN1START
-- TAG-FREQ-BAND-INDICATOR-EUTRA-START

FreqBandIndicatorEUTRA ::=	INTEGER (1..maxBandsEUTRA)

-- TAG-FREQ-BAND-INDICATOR-EUTRA-STOP
-- ASN1STOP


-- ASN1START
-- TAG-FREQBANDINDICATORNR-START

FreqBandIndicatorNR ::=     		INTEGER (1..1024)

-- TAG-FREQBANDINDICATORNR-STOP
-- ASN1STOP

