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1. Introduction
With regards to UE categories, the followings have been agreed so far up to the last AH meeting:

-
Independent downlink and uplink UE category is the baseline of TS38.306 skeleton.
-
NR UE Category is supported and at least associated with a peak data rate.
In contrast, the UE category design for MR-DC was contentious and diverged views were observed in the last meeting. It was postponed to this meeting and encouraged that contributions provide stage-3 signalling examples. This paper attempts to do that and provide an example of the relevant specification impacts.
2. Discussion
The key question discussed in the last meeting was how the MR-DC capable UE indicates the supported peak data rate which is correspondent to the maximum number of DL/UL-SCH transport block bits received within a TTI in case of LTE [1]. From the contributions submitted to the last meeting, the following two approaches can be considered:
Alternatives of defining the peak data rate for MR-DC (i.e. Max. num. of DL/UL-SCH TB bits)

Alt.1:

Combination of LTE UE category and NR UE category.
Alt.2:

Dedicated UE category for MR-DC.

For both alternatives, the specification impacts on Stage-3 level are investigated in the following sub-clauses.
2.1. Alt.1: Combination of LTE/NR UE categories
In addition to LTE/NR UE categories for the standalone operation, the UE indicates the peak data rate for MR-DC by means of the combination of LTE UE category and NR UE category. The peak data rate for MR-DC could be the sum of LTE and NR UE categories for standalone. Alternatively, the LTE/NR UE categories to indicate the MR-DC peak data rate could be different from the ones for standalone. For instance, assuming that NR UE categories are defined for DL 4Gbps (e.g. NR DL Cat.1) and DL 5Gbps (e.g. NR DL Cat.2), respectively, the UE can indicate the following LTE/NR DL categories for standalone and MR-DC:
For standalone in DL:
LTE:
1.6Gbps (LTE DL Cat.19);

NR:
5Gbps (NR DL Cat.2).

For MR-DC in DL:

1Gbps (LTE Cat.16) + 4Gbps (NR Cat.1) = 5Gbps
The assumption behind this case is that the UE processing capability is limited to 5Gbps across LTE and NR. This case would be a likely scenario if the UE shares baseband processing between LTE and NR. This is of course one example and so the peak data rate for MR-DC does not have to be the maximum of LTE and NR UE categories for standalone.
In this alternative, when the UE is configured with MR-DC, both eNB and gNB independently performs resource allocation for the MR-DC UE based on its own RAT category indicated as a part of the MR-DC peak data rate. In the above example, the eNB allocates the radio resources up to 1Gbps and the gNB does up to 4Gbps. As such, the network coordination as to the maximum number of DL/UL-SCH TB bits and L2 buffer is not needed, unlike LTE DC. On the other hand, the flexibility of data scheduling across LTE and NR is restricted due to the nature of the hard split approach. For instance, even though there is no data scheduling in LTE and the UE is capable of receiving the maximum data rate (5Gbps in the above case), the gNB cannot schedule data in NR beyond the NR category (4Gbps in the above case). Furthermore, the data rate achieved by each RAT hinges on the CA band combination supported for each RAT. Even for the same peak data rate in MR-DC, multiple LTE-NR CA band combinations could be supported by the UE. In that case, multiple combinations of LTE and NR UE categories have to be defined for the same peak data rate in MR-DC, e.g. 2Gbps (LTE) + 3Gbps (NR), 3Gbps (LTE) + 2Gbps (NR), 4Gbps (LTE) + 1Gbps (NR) and so on. Thus, the combination of LTE/NR UE categories needs to be reported per LTE-NR CA band combination.
An example of the stage-3 specification impacts is shown hereafter in this sub-clause.
· TS 36.331 (same as today)
UE-EUTRA-Capability information element

-- ASN1START

UE-EUTRA-Capability ::=


SEQUENCE {

<< skip unrelevant part >>

ue-CategoryDL-v1330




INTEGER (18..19)






OPTIONAL,

<< skip unrelevant part >>

ue-CategoryUL-v1430




ENUMERATED {n16, n17, n18, n19, n20, m2}
OPTIONAL,

ue-CategoryUL-v1430b



ENUMERATED {n21}

 

 


OPTIONAL,

<< skip unrelevant part >>
}

-- ASN1STOP

· TS 38.331 (or 38.306?)
UE-NR-Capability information element

-- ASN1START

UE-NR-Capability-r15 ::=


SEQUENCE {

<< skip unrelevant part >>

ue-CategoryDL-r15




INTEGER (nr1..nr5)





OPTIONAL,

ue-CategoryUL-r15




INTEGER (nr1..nr5)





OPTIONAL,
<< skip unrelevant part >>
}

-- ASN1STOP

	ue-CategoryDL

UE DL category as defined in TS 38.306. Value nr1 corresponds to UE DL category 1, and so on.

	ue-CategoryUL

UE UL category as defined in TS 38.306. Value nr1 corresponds to UE UL category 1, and so on.


· TS 38.331 or 36.331 or else
UE-MR-DC-Capability information element

-- ASN1START

UE-MR-DC-Capability-r15 ::=


SEQUENCE {

<< skip unrelevant part >>

rf-Parameters-r15




RF-Parameters-r15





OPTIONAL,
<< skip unrelevant part >>
}

RF-Parameters-r15 ::=



SEQUENCE {


supportedBandCombMR-DC-r15


SupportedBandCombMR-DC-r15
}

SupportedBandCombMR-DC-r15 ::= SEQUENCE (SIZE (1..maxBandComb-r15)) OF BandCombParameters-r15 

BandCombPameters-r15 ::=


SEQUENCE {


ue-MR-DC-CategoryDL-r15



SEQUENCE {



ue-CategoryDL-PartEUTRA-r15


INTEGER (e1..e19),


ue-CategoryDL-PartNR-r15


INTEGER (nr1..nr5)


},


ue-MR-DC-CategoryUL-r15



SEQUENCE {



ue-CategoryUL-PartEUTRA-r15


INTEGER (e1..e21),


ue-CategoryUL-PartNR-r15


INTEGER (nr1..nr5)


},
}

-- ASN1STOP

	ue-CategoryDL-PartEUTRA/ue-CategoryUL-PartEUTRA

E-UTRA DL/UL categories defined in TS 36.306. Value e1 corresponds to E-UTRA DL/UL UE category 1, and so on.

	ue-CategoryDL-PartNR/ue-CategoryUL-PartNR

NR DL/UL categories defined in TS 38.306. Value nr1 corresponds to NR DL/UL UE category 1, and so on.

	ue-MR-DC-CategoryDL

UE DL category for MR-DC defined as the combination of E-UTRA and NR DL categories.

	ue-MR-DC-CategoryUL

UE UL category for MR-DC defined as the combination of E-UTRA and NR UL categories.


· UE category definition for LTE in TS 36.306 => same as today
· UE category definition for NR in TS 38.306 => similar to LTE UE category in 36.306

· Supported combinations of LTE/NR categories in DL/UL => to be specified in TS 36.306 or 38.306 or else

Table X-1:
Supported combinations of DL E-UTRA and NR categories for MR-DC
	E-UTRA DL category
	NR DL category

	DL Category 18
	DL Category 1

	DL Category 19
	DL Category 1


Table X-2:
Supported combinations of UL E-UTRA and NR categories for MR-DC

	E-UTRA UL category
	NR UL category

	UL Category 20
	UL Category 1

	UL Category 21
	UL Category 1


2.2. Alt.2: Dedicated UE category for MR-DC
In addition to LTE/NR UE categories for the standalone operation, the UE reports another UE category defined to indicate the peak data rate for MR-DC. For instance, UE can indicate the following LTE/NR DL categories for standalone and MR-DC:
For standalone in DL:
LTE:
1.6Gbps (LTE DL Cat.19);

NR:
5Gbps (NR DL Cat.2).

For MR-DC in DL:

5Gbps (MR-DC DL Cat.1)
Like in Alt.1, the peak data rate indicated by the MR-DC UE category neither has to be the sum of LTE and NR UE categories for standalone nor the maximum of LTE and NR UE categories. The peak data rate for MR-DC can be shared across LTE and NR. The total L2 buffer size is defied for the combination of UL and DL MR-DC categories. Nevertheless, the data rate achieved by each RAT could hinges on their standalone UE category and LTE-NR CA band combination as in Alt.1. To address it, the split ratio of the maximum DL/UL-SCH TB bits is coordinated between gNB and eNB, like in LTE DC. The network can decide the suitable split ratio based on the UE categories reported by the UE and the LTE-NR CA band combination to be configured for the UE. As such, the MR-DC UE category is reported per UE and does not have to be reported per LTE-NR CA band combination.
An example of the stage-3 specification impacts is shown hereafter in this sub-clause.
· TS 38.331 or 36.331 or else

UE-MR-DC-Capability information element

-- ASN1START

UE-MR-DC-Capability-r15 ::=


SEQUENCE {

<< skip unrelevant part >>

ue-MR-DC-CategoryDL-r15



INTEGER (mr1..mr5),

ue-MR-DC-CategoryUL-r15



INTEGER (mr1..mr5),
<< skip unrelevant part >>
}

-- ASN1STOP

	ue-MR-DC-CategoryDL/UL
UE DL category for MR-DC defined in TS 3X.306. Value mr1 corresponds to DL/UL Category 1 in TS 3X.306.


· TS 38.331 and 36.331

-- ASN1START

SCG-ConfigInfo-r15 ::=




SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE{




scg-ConfigInfo-r12




SCG-ConfigInfo-r12-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

<< skip unrelated part >>
SCG-ConfigRestrictInfo-r15 ::=

SEQUENCE {


maxSCH-TB-BitsDL-r15



INTEGER (1..100),


maxSCH-TB-BitsUL-r15



INTEGER (1..100)
}
-- ASN1STOP

	SCG-ConfigInfo field descriptions

	maxSCH-TB-BitsXL

Indicates the maximum DL-SCH/UL-SCH TB bits that may be scheduled in a TTI. Specified as a percentage of the value defined for the applicable MR-DC UE category.


· TS 38.306 or 36.306 or else
Table Y-1:
DL/UL UE category for MR-DC

	UE DL Category for MR-DC
	Maximum number of DL-SCH transport block bits received within an unit
	Maximum number of bits of a DL-SCH transport block received within an unit on an E-UTRA cell
	Maximum number of bits of a DL-SCH transport block received within an unit on an NR cell
	Total number of soft channel bits

	DL Category 1
	XXX
	XXX
	XXX
	XXX

	DL Category 2
	YYY
	YYY
	YYY
	YYY


	UE UL Category for MR-DC
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within an unit on an E-UTRA cell
	Maximum number of bits of an UL-SCH transport block transmitted within an unit on an NR cell

	UL Category 1
	XXX
	XXX
	XXX


	UE DL Category for MR-DC
	UE UL Category for MR-DC
	Total layer 2 buffer size [bytes]

	DL Category 1
	UL Category 1
	XXX

	DL Category 2
	UL Category 1
	ZZZ


2.3. Comparison of alternatives
Table 2.3-1 summarises the comparison of alternatives. In fact, both solutions have pros and cons in terms of RAT dependency and flexibility. Alt.1 has a clear benefit of RAT dependency at the cost of losing scheduling flexibility and signalling overhead. In contrast, Alt.2 has an advantage of scheduling flexibility and less signalling overhead at the cost of network coordination. 
Table 2.3-1:
Summary of comparison
	
	Alt.1 (Comb of LTE/NR UE categories)
	Alt.2 (Dedicated UE category for MR-DC)

	Capability indication
	Per LTE-NR CA band combination
	Per UE

	Network coordination
	Not required (each RAT can allocate radio resource to the UE independently)
	Required (Max DL/UL-SCH TB bits and L2 buffer size are split and coordinated between eNB and gNB)

	Data rate sharing
	Hard split (as indicated by LTE/NR UE categories)
	Semi-static (coordinated via inter-node RRC message)

	UE capability signalling size
	Larger than Alt.2 (due to per BC indication)
	Smaller than Alt.1 (due to per UE indication)

	Other consideration
	For MR-DC, LTE/NR UE categories have to be defined additionally to support multiple (hard) split ratio
	The network needs to decide a suitable split ratio based on the UE category and LTE-NR CA band combination.


From the above analysis, Alt.2 seems to be better than Alt.1 though it is not a clear-cut preference. Therefore, the followings are proposed:
Proposal 1:
In addition to LTE/NR UE category for standalone, another UE category to indicate the peak data rate for MR-DC is defined.
Proposal 1a:

The MR-DC UE category is defined for DL and UL independently.

Proposal 2:

The split ratio of the MR-DC peak data rate is shared and coordinated between MN and SN.

Proposal 2a:

This split ratio is also utilised to split L2 buffer size between MN and SN.

2.4. Parameter set of UE category for NR and MR-DC
An LTE UE category consists of the following parameters:
-
Maximum number of DL/UL-SCH transport block bits received/transmitted within a TTI (across cells);
-
Maximum number of a DL/UL-SCH transport block received/transmitted within a TTI (per cell);

-
Total number of soft channel bits (for DL only);

-
Maximum number of supported layers for spatial multiplexing in DL;

-
Support of UL 64QAM/ 256QAM;

-
Total layer 2 buffer size with/without a split bearer.
For NR as well as MR-DC, it is worth to examine whether all of them should be inherited from LTE or changed. With regards to the number of DL spatial multiplexing layers and 64/256QAM support, an individual capability bit is defined for the UE to indicate support of each feature. Although support of these features is relevant to achieve the data rate indicated by the UE category, it does not have to be a component of a UE category. As long as the UE indicates support of the features required to achieve the data rate indicated by the UE category, it is sufficient. In that sense, these parameters can be removed from NR and MR-DC UE categories as proposed in [5].
Proposal 3:
Maximum number of supported layers for DL spatial multiplexing and support of UL 64QAM/ 256QAM are removed from the parameter set of NR UE category and MR-DC UE category.

With regards to the maximum number of DL/UL-SCH TB bits and DL/UL-SCH TB, these parameters are needed for NR and MR-DC capable UEs to deal with the maximum data across the all configured cells and per cell, respectively. On the other hand, a time unit to define these parameters (i.e. TTI) needs to be investigated. For NR, TTI duration can be different depending on the numerology, i.e. sub-carrier spacing and slot length. If these parameters were defied in a TTI as in LTE, multiple UE categories would be defined for all possible TTI duration in the specification. Given that the number of possible TTI duration is quite large according to TR 38.802, TTI cannot be used for NR as well as MR-DC. The time unit for Max num. of DL/UL-SCH TB bits and DL/UL-SCH TB should be irrelevant to the TTI duration supported/configured for the UE. One potential approach is to utilise a subframe duration, which is also 1 ms for NR as described in TR 38.802. The subframe duration is correspondents to the TTI duration for LTE (1 ms) up to Rel-14. Thus, the same time unit can be used for LTE and NR. The followings are proposed:
Proposal 4:
For NR UE category and MR-DC UE category, the maximum number of DL/UL-SCH TB bits and the maximum number of TB are defied in a subframe duration (1 ms) regardless of the TTI duration supported and configured for the UE.
With regards to the total layer 2 buffer size, different buffer sizes are defined for LTE depending on the support of a split bearer. For the MR-DC UE category and as well as NR UE category, it is desirable if a single L2 buffer size is defined regardless of the bearer type, in accordance with the recent effort to harmonise the bearer type [7]. 
Proposal 5:
A single L2 buffer size is defined for NR UE category and MR-DC UE category regardless of the bearer types supported by the UE.
From the above discussion, the parameter set for NR UE category and MR-DC UE category is proposed as follows:
Proposal 6:

An NR UE category and MR-DC UE category consist of the following parameters:
-
Maximum number of DL/UL-SCH transport block bits received/transmitted within a subframe duration (1 ms) (across all cells);
-
Maximum number of a DL/UL-SCH transport block received/transmitted within a subframe duration (1 ms) (per cell);
-
Total number of soft channel bits (for DL only);

-
Total layer 2 buffer size used for all bearer types.

3. Summary and proposal
In summary, the followings were proposed for the design of NR and MR-DC UE categories:
Proposal 1:
In addition to LTE/NR UE category for standalone, another UE category to indicate the peak data rate for MR-DC is defined.

Proposal 1a:

The MR-DC UE category is defined for DL and UL independently.

Proposal 2:

The split ratio of the MR-DC peak data rate is shared and coordinated between MN and SN.

Proposal 2a:

This split ratio is also utilised to split L2 buffer size between MN and SN.

Proposal 3:
Maximum number of supported layers for DL spatial multiplexing and support of UL 64QAM/ 256QAM are removed from the parameter set of NR UE category and MR-DC UE category.

Proposal 4:
For NR UE category and MR-DC UE category, the maximum number of DL/UL-SCH TB bits and the maximum number of TB are defied in a subframe duration (1 ms) regardless of the TTI duration supported and configured for the UE.

Proposal 5:
A single L2 buffer size is defined for NR UE category and MR-DC UE category regardless of the bearer types supported by the UE.

Proposal 6:

An NR UE category and MR-DC UE category consist of the following parameters:
-
Maximum number of DL/UL-SCH transport block bits received/transmitted within a subframe duration (1 ms) (across all cells);
-
Maximum number of a DL/UL-SCH transport block received/transmitted within a subframe duration (1 ms) (per cell);
-
Total number of soft channel bits (for DL only);

-
Total layer 2 buffer size used for all bearer types.
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