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Introduction
In this contribution we discuss the signalling structure for NR including EN-DC and in particular the open issues arising from the email discussion running towards RAN2-100. 
[bookmark: _Ref178064866]Discussion
Uplink and Downlink Band Combination entries
In the email discussion and in the previous meeting we suggested defining (downlink) band combination that may contain several uplink band combinations. We believe that this is advantageous in terms of signalling overhead since it reduces the “band numbers” to be signalled explicitly and it avoids the need for indexes to link uplink BCs to downlink BCs (as needed in the other proposals on the table). 
A potential advantage of the alternative solutions could be that a single uplink BC could be referred to from multiple DL band combinations. However, we don’t think that with the current agreements there will be a need/possibility to do that anyway: The UE is not supposed to signal fallback band combinations and hence for most bands a single (downlink) band combination suffices. Consequently there is also no need to signal the corresponding UL bands repeatedly. 
[bookmark: _Toc499558563][bookmark: _Toc499559198][bookmark: _Toc499559241][bookmark: _Toc499604489][bookmark: _Toc499571983]Since the UE is not supposed/required to include fallback band combinations, the UE will not provide many DL band combinations that could refer to the same UL band combination. 
Supplementary Uplink
An exception could be if an UL band could be used as SUL band. However, we expect that most UEs will support all their NR UL bands also with NR DL. SUL is primarily needed since not all networks will initially deploy an NR carrier in precious low frequency bands. 
[bookmark: _Toc499558564][bookmark: _Toc499559199][bookmark: _Toc499559242][bookmark: _Toc499604490][bookmark: _Toc499571984]It is likely that a UE which supports an SUL-carrier in a band, supports also normal UL+DL operation in that band. 
If a UE supports also downlink operation on the bands that it advertises for SUL, such a UE will not primarily advertise SUL band combinations but rather (top-level) DL band combinations in which it also allows omitting one of the DL carriers... resulting then in an SUL configuration.  
We also believe that RAN2 should generally avoid introducing a special SUL capability signalling structure. It seems desirable to re-use as much of the regular band combination signalling. The proposal made in the email discussion to extend UL BC entries by additional SUL carriers would clearly lead to a significant increase of the UL band combination size. And hence it would make it unlikely that such an UL BC can be re-used in many DL band combinations. 
[bookmark: _Toc499558565][bookmark: _Toc499559200][bookmark: _Toc499559243][bookmark: _Toc499604491][bookmark: _Toc499571985]Including additional SUL information (band entries) into the actual UL band combination makes it unlikely that such an UL band combination can be used in many DL band combinations. Hence, such a scheme will result in creation of many UL band combinations (with different sets of SUL bands and BWCs). This results in large bitmaps (option 2 and 3) and hence a lot of overhead.
In the next section we provide a short ASN.1 snippet representing the option 1. The structure can be summarized as follows: 
each band combination comprises of (one or) several Band Entries. 
each Band Entry includes a band number which may be an EUTRA or NR bands number 
each Band Entry contains one downlink bandwidth class 
each Band Entry contains a list of uplink bandwidth classes. The lists of UL BWCs in all Band Entries of a BC must have the same length. Entries with the same “position” form a possible UL combination.  
in NR and EUTRA Band Entries an uplink bandwidth class may be absent (NULL) indicating that the UE supports (in this band combination and in combination with the configured uplink carriers) only a downlink SCell on this band
in an NR Band Entry the downlink bandwidth class may be absent (NULL) indicating that the UE supports (in this band combination) only an Supplementary Uplink carrier on this band
Examples
Here we provide an example of a (top-level) DL BC with two different UL BC variants. There are 2 possible UL variants. Each column is one BandEntry. In each Band Entry there are one DL BWC and two UL BWCs.
In this example the UE does not support a downlink Serving Cell on (NR) Band 12. Hence, NR band 12 is only usable as supplementary uplink.
 
	
	Band Entry 1
	Band Entry 1
	Band Entry 1

	Band 
	12 (EUTRA)
	n12 (NR)
	n42 (NR)

	BWC Downlink
	A
	noDownlinkCarrier
	C

	BWC UL variant 1
	A
	noUplinkCarrier
	C

	BWC UL variant 2
	A
	A
	A



Hence, this top-level DL BC can be used with two different top level UL BCs
[UL variant: BWC-UL1]
one 20 MHz DL+UL carrier on LTE Band 12 (FDD, 800 MHz), and
two contiguous DL+UL carriers on NR band 42 (TDD, 3.5 GHz) 
[UL variant: BWC-UL2]
one 20 MHz DL+UL carrier on LTE Band 12 (FDD, 800 MHz), and
two contiguous DL carriers on NR band 42 (TDD, 3.5 GHz), and
one UL carrier on NR band 42, and
one SUL carrier on NR band 12
In addition, the UE supports of course also the fallback band combinations, i.e., only one or two DL carriers and only one UL carrier. 
As mentioned above, we don’t expect this example to be a very prominent constellation. It is likely that a UE supporting NR Band 12 for uplink will likely also support it for downlink CA operation. Hence, a typical example may look as shown below. 
	
	Band Entry 1
	Band Entry 2
	Band Entry 3

	Band 
	12 (EUTRA)
	n12 (NR)
	n42 (NR)

	BWC DL
	A
	C
	C

	BWC UL variant 1
	A
	noUplinkCarrier
	C

	BWC UL variant 2
	A
	A
	A



Again, there are two UL variants: One with two contiguous UL carriers in NR Band 42 and the second one with NR uplink carriers in both NR bands. And since all entries are top-level BCs, the UE supports also “SUL”, i.e., NR Band 12 and NR Band 42 for UL but without a downlink NC carrier on NR Band 12. 
One may argue that uplink operation with two full-blown uplink carriers in NR is more challenging than an SUL configuration where only one of the two ULs is usable for UL at a time. If it is considered necessary to distinguish these cases, one could introduce a “A-SUL” class, which the UE may indicate on Band Entries 2 and 3 of the table above. 
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[bookmark: _Ref189046994]Text Proposal
–	UE-MRDC-Capability
The IE UE-MRDC-Capability is used to convey the UE Radio Access Capability Parameters for MR-DC, see TS 38.306 [yy].
UE-MRDC-Capability information element
-- ASN1START

UE-MRDC-Capability ::=			SEQUENCE {
	rf-Parameters	RF-Parameters,
}

RF-Parameters ::=	SEQUENCE {
	supportedBandCombinations	SupportedBandCombinations	OPTIONAL,	Comment by Ericsson: There are many band combinations. Hence, add an “s”
}

SupportedBandCombinations ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination

-- Represents one UL+DL Band Combination in the form of a list of EUTRA and/or NR BandEntry elements. 
-- Each BandEntry comprises of a band number and the supported number and wdith of the DL carriers (as bandwidth class). 
-- Each BandEntry furthermore indicates a list of UL bandwidth classes. 
-- The number of ca-BandwidthClassesUL must be the same in all BandEntry elements of one BandCombination. 
-- The ca-BandwidthClassesUL with the same position in the list are supported in combination and form one “variant” of the (UL) band combination.
-- By indicating “noUplinkCarrier” instead of a valid UL BWC, the UE indicates that it does not support an uplink carrier in this variant
-- of the band combination (traditional DL-only SCell).
-- By indicating “noDownlinkCarrier” instead of a valid DL BWC, the UE indicates that it does not support a downlink carrier in this variant
-- of the band combination (SUL carrier).
-- 
BandCombination ::= 	SEQUENCE (SIZE (1..maxBandEntryId)) OF BandEntry

-- Represents one NR or EUTRA band in a band combination. 
-- It indicates the band number and the allowed number and wdith of the DL carriers (as bandwidth class). It furthermore indicates zero or more
-- UL bandwidth classes.
BandEntry		::= 	CHOICE
	bandEntryEUTRA			BandEntryEUTRA,
	bandEntryNR				BandEntryNR
}

BandEntryEUTRA ::= 		SEQUENCE {
	bandEUTRA				FreqBandIndicatorEUTRA,
	ca-BandwidthClassDL		CA-BandwidthClassEUTRAN-DL,
	ca-BandwidthClassesUL	SEQUENCE (SIZE (1..maxUL-BWC-EUTRAN)) OF CHOICE {
		noUplinkCarrier			NULL,
		bandwidthClassUL		CA-BandwidthClassEUTRA-UL
	}
}

BandEntryNR ::= 		SEQUENCE {
	bandNR					FreqBandIndicatorNR,

	-- The UE supports this DL BWC in combination with the corresponding DL BWC in the other BandEntry elements of this band combination
	ca-BandwidthClassDL		CHOICE {
		-- In this band combination, this band can only be used for (supplementary) UL uplink carrier(s) as indicated by ca-BandwidthClassesUL 
		noDownlinkCarrier		NULL,
		-- An actual DL BWC. It is used for UL+DL and DL-only bands in a band combination.
		bandwidthClassDL		CA-BandwidthClassNRN-DL
	},
	
	-- The UE supports these UL BWC in combination with the corresponding UL BWCs in the other BandEntry elements of this band combination. 
	ca-BandwidthClassesUL	SEQUENCE (SIZE (1..maxUL-BWC-NR)) OF CHOICE {
		-- In this UL-variant of the band combination, this band can only be used for DL (according to ca-BandwidthClassDL)
		noUplinkCarrier			NULL,
		-- An actual UL BWC. It is used for UL+DL and UL-only (SUL) bands in a band combination.
		bandwidthClassUL		CA-BandwidthClassNR-UL
	}																										OPTIONAL,
}


-- Downlink bandwidth classes for EUTRA. The BWC values are the same as defined in 36.331.
CA-BandwidthClassEUTRA-DL ::= 	ENUMERATED {a, b, c, d, e, f, ...}
-- Uplink bandwidth classes for EUTRA. The BWC values are the same as defined in 36.331.
CA-BandwidthClassEUTRA-UL ::= 	ENUMERATED {a, b, c, d, e, f, ...}


s-- Downlink bandwidth classes for NR. 
CA-BandwidthClassNR-DL ::= 	ENUMERATED {a, b, c, d, e, f, ...}
-- Uplink bandwidth classes for NR. 
CA-BandwidthClassNR-UL ::= 	ENUMERATED {a, b, c, d, e, f, ...}


--ASN1STOP



Conclusion
In section 2 we made the following observations:
Observation 1	Since the UE is not supposed/required to include fallback band combinations, the UE will not provide many DL band combinations that could refer to the same UL band combination.
Observation 2	It is likely that a UE which supports an SUL-carrier in a band, supports also normal UL+DL operation in that band.
Observation 3	Including additional SUL information (band entries) into the actual UL band combination makes it unlikely that such an UL band combination can be used in many DL band combinations. Hence, such a scheme will result in creation of many UL band combinations (with different sets of SUL bands and BWCs). This results in large bitmaps (option 2 and 3) and hence a lot of overhead.

Merging the UL Band Combinations into the DL Band combination avoids duplicating the band number and does not require indexes to reference UL BCs from within UL BCs. And it gives the UE the freedom to advertise the different UL band combination variants that it supports. UEs are able to advertise real SUL band combinations (where they in fact do not support a DL SCell in the band. But SUL may also appear as a fallback BC in cases where the UE supports both UL and DL. Therefore, we propose the following: 
Adopt the signalling structure outlined in section 3 as baseline for the Band Combination signalling. 




