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1. Introduction
In addition to the feedback from RAN1 [1], the feedback from RAN2 is available at this meeting [2]. Based on the conclusion in the SI phase [3], this paper attempts to crystalise the capability coordination framework which affects Stage-2/3 specification work.
2. Discussion
2.1. UE capability structure

In accordance with the design principles described in sub-clause 5.2.2.2.1 of TR 38.804 [3], the following types of UE-CapabilityRAT-Container can be specified in addition to the existing UE-EUTRA-Capability for LTE:
-
UE-NR-Capability for which RAT-Type is set to ‘nr’ (new).
This capability container is defined to encompass all NR specific capabilities required for the standalone operation (Option 2) likewise UE-EUTRA-Capability for LTE. Type I capabilities as in [3] are included in this IE.
-
UE-EUTRA-NR-Capability for which RAT-Type is set to ‘eutra-nr’ (new).

This capability container is defined for Type II and III capabilities as in [3]
In the existing UE-EUTRA-Capability, UE capabilities related to inter-RAT measurements for NR are added likewise the legacy RATs (UMTS, GSM). For NSA operations (i.e. Option 3/4/7 series), the eNB/gNB enquires these three types of capabilities. Upon receiving the enquiry, the UE includes them into UECapabilityInformation. The master node forwards UE-EUTRA-NR-Capability and the secondary RAT specific capability to the secondary node. Those two capabilities are included with “SCG-ConfigInfo”. The overall capability structure and its transfer for NSA are illustrated in Figure 2-1.
The advantage of defining UE-EUTRA-NR-Capability, i.e. the LTE-NR DC specific capability container is to support independent capability reporting as stated in TR 38.804 [3]. For instance, in case of the standalone operation (i.e. Option 2), it is enough for the UE at least to report the NR specific capability, i.e. UE-NR-Capability and optionally UE-EUTRA-Capability for inter-RAT mobility as illustrated in Figure 2-2. If the LTE-NR DC specific capability container is not defined, Type II and III capabilities are included 1) either of UE-EUTRA-Capability or UE-NR-Capability, or 2) both of them. The case 2) is obviously redundant as the same capability fields are included for both LTE and NR specific capability containers, which is cumbersome from the specification maintenance viewpoints. The case 1) could work in fact as both the LTE and NR specific capabilities have to be reported anyway. Nevertheless, the LTE-NR DC specific capability container has another advantage to make it easier learn the capabilities classified into Type II and III. Therefore, the followings are proposed:
Proposal 1:
UE-NR-Capability is defined as the UE capability container for NR to include all NR specific capabilities required for the standalone operation (Type I).
Proposal 1a:

The capabilities for CA/DC within NR are reported, if supported, in the UE-NR-Capability.

Proposal 2:
UE-EUTRA-NR-Capability is defined as the UE capability container for LTE-NR DC/MC to include the LTE-NR DC/MC specific capabilities requiring coordination between eNB and gNB over Xx with or without the UE reconfiguration (Type II and III).
Proposal 3:
The eNB/gNB should be able to retrieve UE-NR-Capability, UE-EUTRA-NR-Capability and UE-EUTRA-Capability depending on the NSA/SA operations.
Proposal 4:
In case of LTE-NR DC/MC, the master node should be able to forward UE-EUTRA-NR-Capability and the secondary RAT specific capability (UE-NR-Capability or UE-EUTRA-Capability) to the secondary node within “SCG-ConfigInfo” (The IE name for LTE-NR DC/MC is TBD).
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Figure 2.1-1:
UE capability structure and transfer in NSA operations (i.e. Option 3/4/7 series)
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Figure 2.1-2:
UE capability structure and transfer in SA operation (i.e. Option 2)
2.2. Coordination for Type II and III capabilities
According to the feedback from RAN1/4, although both WGs are still in progress of designing physical and RF parameters, it seems that the similar flexibility as in LTE is expected. In that case, some capabilities which are likely to be introduced for LTE-NR DC/MC can be discussed taking into account the LTE DC scheme.
· UE category (equivalent to layer-2 buffer)
In LTE DC, the maximum DL/UL-SCH TB bits defined by the supported UE category are coordinated between MeNB and SeNB. This can be done by sharing the split ratio of the maximum DL/UL-SCH TB bits included in SCG-ConfigInfo as shown below. As this split ratio is not configured for the UE, the maximum DL/UL-SCH TB bits are coordinated over X2 without the UE reconfiguration. This split ratio could be applicable for soft channel bits and L2 buffer size coordination between the two eNBs. The network has to make sure that the on-going operation does not exceed the UE capabilitites.
-- ASN1START

SCG-ConfigInfo-r12 ::=




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-r12 ::=

SEQUENCE {


maxSCH-TB-BitsDL-r12



INTEGER (1..100),


maxSCH-TB-BitsUL-r12



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 UE category.


If the LTE DC coordination scheme is leveraged for LTE-NR DC, an intuitive approach is to define DL/UL UE category specific to LTE-NR DC/MC. The maximum DL/UL-SCH TB bits, total number of soft channel bits and total L2 buffer size can be defined across LTE and NR cells. The maximum number of bits of a DL/UL-SCH TB can be defined per LTE and NR, respectively. An example of the UE category for LTE-NR DC/MC is illustrated in Table 2.2-1 below.
Table 2.2-1:
Example of DL/UL UE category for LTE-NR DC/MC

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

	DL Category 1
	XXX
	XXX
	XXX
	XXX


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

	UL Category 1
	XXX
	XXX
	XXX


	UE DL Category for E-UTRA-NR DC/MC
	UE UL Category for E-UTRA-NR DC/MC
	Total layer 2 buffer size [bytes]

	DL Category 1
	UL Category 1
	XXX


For UE category, the followings are proposed:

Proposal 5:

UE category specific to LTE-NR DC/MC is defined with the following parameters:

-
Maximum number of DL/UL-SCH TB bits received/transmitted within a TTI across LTE and NR.

-
Maximum number of bits a DL/UL-SCH TB received/transmitted within a TTI per LTE/NR cell, respectively

-
Total number of soft channel bits across LTE and NR.

-
Total layer 2 buffer size across LTE and NR.

Proposal 6:

The split ratio of the maximum number of DL/UL-SCH TB bits is included in “SCG-ConfigInfo” and shared between eNB and gNB.
Proposal 7:

The split ratio of the maximum number of DL/UL-SCH TB bits can also be leveraged to coordinate the total number of soft channel bits and the total layer 2 buffer size between eNB and gNB.

· RF band combinations across LTE and NR
When the network configures LTE-NR DC/MC for a UE based on supported band combinations, the network has to make sure that the frequency range used for LTE shall not overlap with the one for NR. Such coordination is deemed as necessary in particular for the case where LTE cells and NR cells are configured within an intra-frequency band. To do this, the same approach for LTE DC can be considered for LTE-NR DC/MC. Namely, the master node informs the secondary node about carrier frequency and bandwidth for each component carrier in MCG as part of the MCG configuration. The secondary node configures PSCell and SCells in SCG taking into account the MCG configuration. This seems feasible given that even for the legacy RATs, the network can interpret the denotation of carrier frequency and bandwidth of the other RATs for the purpose of inter-RAT measurements. Therefore, the followings are proposed:
Proposal 8:
The master node informs the secondary node about carrier frequency and bandwidth for each component carrier in MCG as part of the MCG configuration.

Proposal 8a:
The carrier frequency and bandwidth are indicated by the denotation for the master node RAT (e.g. EARFCN and RBs in case of LTE).

Proposal 9:
The secondary node configures PSCell and SCell(s) taking into account the MCG configuration.

· UE capabilities defined per band  and per LTE-NR DC band combination
Examples are the maximum MIMO layers, the number of CSI processes, NAICS capabilities, etc. If the similar flexibility as in LTE is required in accordance with the RAN1/4 feedback, the capability signalling structure looks like the same as in LTE. In that case, the same coordination scheme as in LTE DC can be considered for LTE-NR DC, although any potential enhancements should not be precluded. To progress the specification work so far, the LTE DC scheme can be considered as the baseline. The followings are proposed:
Proposal 10:
The MCG configuration in terms of UE capabilities defined per band and per LTE-NR DC band combination is forwarded to the secondary node together with the supported UE capabilities.

Proposal 11:
The secondary node decides the SCG configuration, taking into account the MCG configuration and UE capabilities supported for the LTE-NR DC band combination.
3. Summary and proposal
In summary, the followings were proposed for UE capability coordination in LTE-NR DC/MC:
Proposal 1:
UE-NR-Capability is defined as the UE capability container for NR to include all NR specific capabilities required for the standalone operation (Type I).

Proposal 1a:

The capabilities for CA/DC within NR are reported, if supported, in the UE-NR-Capability.
Proposal 2:
UE-EUTRA-NR-Capability is defined as the UE capability container for LTE-NR DC/MC to include the LTE-NR DC/MC specific capabilities requiring coordination between eNB and gNB over Xx with or without the UE reconfiguration (Type II and III).

Proposal 3:
The eNB/gNB should be able to retrieve UE-NR-Capability, UE-EUTRA-NR-Capability and UE-EUTRA-Capability depending on the NSA/SA operations.

Proposal 4:
In case of LTE-NR DC/MC, the master node should be able to forward UE-EUTRA-NR-Capability and the secondary RAT specific capability (UE-NR-Capability or UE-EUTRA-Capability) to the secondary node within “SCG-ConfigInfo” (The IE name for LTE-NR DC/MC is TBD).

Proposal 5:

UE category specific to LTE-NR DC/MC is defined with the following parameters:

-
Maximum number of DL/UL-SCH TB bits received/transmitted within a TTI across LTE and NR.

-
Maximum number of bits a DL/UL-SCH TB received/transmitted within a TTI per LTE/NR cell, respectively

-
Total number of soft channel bits across LTE and NR.

-
Total layer 2 buffer size across LTE and NR.

Proposal 6:

The split ratio of the maximum number of DL/UL-SCH TB bits is included in “SCG-ConfigInfo” and shared between eNB and gNB.

Proposal 7:

The split ratio of the maximum number of DL/UL-SCH TB bits can also be leveraged to coordinate the total number of soft channel bits and the total layer 2 buffer size between eNB and gNB.

Proposal 8:
The master node informs the secondary node about carrier frequency and bandwidth for each component carrier in MCG as part of the MCG configuration.

Proposal 8a:
The carrier frequency and bandwidth are indicated by the denotation for the master node RAT (e.g. EARFCN and RBs in case of LTE).

Proposal 9:
The secondary node configures PSCell and SCell(s) taking into account the MCG configuration.

Proposal 10:
The MCG configuration in terms of UE capabilities defined per band and per LTE-NR DC band combination is forwarded to the secondary node together with the supported UE capabilities.

Proposal 11:
The secondary node decides the SCG configuration, taking into account the MCG configuration and UE capabilities supported for the LTE-NR DC band combination.
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