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1	Introduction
In response to the questions raised in RAN2 LS [1], RAN concluded the following [2]:
1) The necessity of UE categories for UE in the LTE-NR DC (Opt. 3/4/7) as well as the NR standalone (Opt. 2)

2) The target peak data rate in DL and UL to be supported for Option 3 until December 2017.

By this decision, the need for LTE-NR DC UE categories indicating UE characteristics in LTE and NR deployments, as opposed to defining LTE UE categories and NR categories separately, was agreed as necessary for all LTE-NR DC deployment options (Option 3/4/7 series) commercialisation and the marketing purpose.
In this context, RAN2 AH#2 agreed discuss whether really a different category for EN-DC would be needed (for case the EN-DC capability is different from the sum of LTE and NR category). While the overall discussion in RAN2 NR-AH#2 provided only a conclusion that a UE category for NR, indicating the peak data rate, would be ne needed, the offline attempt to provide a consensus proposed the following (as indicated in R2-1707484,):
	Proposal 1:	UE indicates individual UE categories for LTE SA, NR SA.
Proposal 2:	For EN-DC, UE indicates the peak data rate across LTE and NR.
Proposal 2a:	For EN-DC, if needed, UE indicates LTE peak data rate and NR peak data rate.



Additionally, as discussed in R2-1706603, the UE category indications can still be RAT-specific, i.e. each RAT would still only need to know its own data rate limitations and not be forced to comprehend the exact UE category or capabilities of the other RAT.
2	UE category parameters and definitions
2.1 	L2 buffer size dimension
A UE Category determines the device’s achievable peak data rate – the device is required to be able to reach the peak data rate indicated by the UE category in at least one band combination that it supports. Toi this end, the UE categories define the maximum block sizes per TTI as well as the buffering requirements (to ensure UE can sustain the peak data rate as necessary with delays that occur naturally). 

The associated with LTE-NR DC UE Category achievable data rate should enable determination of the data peak rate in a given combination i.e. LTE as a master and NR as a secondary node. In this scenario the actual achievable data rate should fulfil the formula: 
- LTE-NR UE Category achievable data rate = f (LTE achievable bit rate in NSA configuration, NR achievable bit rate in NSA configuration)
There are at least 2 main options for describing the sharing of L2 buffer between LTE and NR for LTE/NR DC.
Option 1: Define the L2 buffer size capability per RAT and indicate the allowed category combinations and respective L2 buffer size by using the indices.
Option 2: Define the L2 buffer size capabilities by inheriting capabilities per RAT and make additional new categories for EN-DC capable UEs.
Since the NR bit rates are expected to be 5-10 time those of LTE supported rates, the L2 buffer size for NR will also have to increase by the same magnitude. While Option 2 clearly provides flexibility, it brings in additional complexity where both the nodes must clearly know how much L2 buffer the other RAT needs to consume before making their own choice. It would rather be simpler, if the index based approach describes the L2 buffer requirement for a given configuration in the form of a descriptor so that each node may make its choice independently without following detailed rules of capability consumption. From the viewpoint of standardization impacts, it might just be easier to create a EN-DC combination by agreeing the LTE and NR category which can support the same and binding them with an index.

LTE methodology imposes restrictions to L2 buffer size calculation for a split bearer. According to RAN2 agreed buffer-size dimensioning principle for split bearer, L2 buffer size is reduced compared to data transmitted directly by the Master Node [3]. When considering split bearer operation for EN-DC scenarios, the achievable data rate should consider bit-stream components over MN (LTE) and SN (NR). 
Observation 1: Achievable data rate in EN-DC scenarios needs to consider split-bearer operation. 
The simplest option for a peak data rate in mixed deployment is a linear summary of (explicitly defined) achievable peak data rate per RAT: 
· EN-DC UE Category L2 buffer size=∑ (LTE UE Category L2 buffer size + NR UE Category L2 buffer size).

However, if the restriction evaluated for split bearers in pure LTE deployments holds, the open point is if achievable data rate of EN-DC UE Category (reflected by L2 buffer size) should respect the dimensioning principle too.  For this purpose, L2 buffer size of a split bearer (of a SN) needs to be compared to data transmitted directly by the Master Node [3]. In a generic meaning, LTE-NR UE Category achievable data rate should reflect function of LTE and NR components, where each component considered in the subset is pertaining to given combination (i.e. LTE achievable bit rate reflects MCG as a LTE bearer and NR achievable bit rate reflects SCG (split) bearer. LTE achievable bit rate in NSA configuration may be equal to LTE achievable bit rate in SA configuration (due to transmission through MeNB). NR achievable bit rate in NSA configuration may be reduced compared to NR achievable bit rate in SA configuration (due to transmission through split bearer and reduced L2 buffer size dimensioning principle). For or simplicity: LTE-NR UE Category achievable data rate could be ≤.

Based on the short discussion, we make the following proposals:

Proposal 1: Do not define a separate EN-DC UE category in TS38.306 specification. Instead, an EN-DC “UE category” (DL/UL) is a union of an LTE UE category and an NR UE category. 
Proposal 2: EN-DC UE category inherits the following characteristics from the LTE and NR UE categories;
· Maximum number of bits of DL/UL-SCH TB bits received/transmitted within a TTI in E-UTRA
· Maximum number of bits of DL/UL-SCH TB bits received/transmitted within a TTI in NR
· total number of soft channel bits in E-UTRA
· total number of soft channel bits in NR,
· total layer 2 buffer size across both LTE and NR 
Proposal 3: Total layer 2 buffer size for EN-DC UE Category considers inter-dependencies of bit-stream components over MN and SN.
Proposal 4: Each node can know its share from the description of the UE category index; an index points to the union of the standalone LTE and standalone NR UE DL/UL category.
2.2 	EN-DC UE Category signalling 
As with all of EN-DC, RAN2 has aimed towards a generic definition of UE capabilities so that each RAT can operate independently and the master node and secondary node are not required to comprehend each other’s UE configuration. 
Observation 2: LTE UE Category and NR UE Category need to be self-contained and separated.
It is important that NR Category (and related UE Capability component) remains separated and self-contained within NR Capabilities. However, for the initial non-standalone scenarios, the UE needs to communicate its performance level to the master node (LTE). Therefore, the assumed EN-DC UE Category becomes a subject of a signalling component that needs to be understood by both:  LTE and NR.. For instance, it can be represented as a sequence conveying both: LTE UE Category and NR UE Category. 
[image: ]
Figure 1. Possible duplicated signalling for UE-ENDC-Capability.
Observation 3: A joined LTE-NR UE Capability signalling as a sequence conveying both: LTE UE Category and NR UE Category duplicates contents of LTE and NR UE capabilities.
In ASN.1, this can be conveyed in both LTE and NR as follows:
LTE specification (36.331): The LTE UE category is comprehended by eNB, but the NR UE category information is given in an OCTET STRING, which can then be conveyed towards the gNB when doing SgNB addition: eNB doesn’t need to comprehend the NR UE category at all.
EN-DC-UE-Category-r15 ::= SEQUENCE {
	lteUE-Category-r15			LTE-UE-Category-r15,
	nrUE-Category-r15			NR-UE-Category-r15
}

LTE-UE-Category-r15	::=		SEQUENCE {
	dlCategory-r15			INTEGER (1..32),
	ulCategory-r15			INTEGER (1..32)
}

NR-UE-Category-r15	::=		OCTET STRING

ENDC-Request-r15-IEs ::=			SEQUENCE {
	EN-DC-UE-Capability-NR			NR-UE-Category-r15
}

NR specification: Similar to LTE, the NR gNB comprehends the NR UE category but not the LTE UE category. From this, the gNB can still determine its own peak data rate limitations.
EN-DC-UE-Category-r15 ::= SEQUENCE {
	lteUE-Category-r15			LTE-UE-Category-r15,
	nrUE-Category-r15			NR-UE-Category-r15
}

LTE-UE-Category-r15	::=		OCTET STRING

NR-UE-Category-r15	::=		SEQUENCE {
	dlCategory-r15			INTEGER (1..32),
	ulCategory-r15			INTEGER (1..32)
}

ENDC-Request-r15-IEs ::=			SEQUENCE {
	EN-DC-UE-Capability-NR			NR-UE-Category-r15
}


For the initial non-standalone scenarios, the UE needs to communicate its performance level to the master node (LTE). Ultimately, there will be a transition to stand alone deployments and the UE with NR capabilities component needs to be able to communicate its NR capabilities to isolated gNB connected to 5GC.Therefore, optimization of NR UE Category is non-future proof. For backward-compatible reasons UE-EUTRA-Capability needs to be also kept, thus, we believe the EN-DC UE Category justifies the need to introduce a coordinated part of LTE-NR capabilities, consisting of the LTE-NR UE Category as a union and indexed bandwidth combinations
2.3 	EN-DC Procedures and UE Category signalling 
The procedures flow may be implemented in a several alternatives. The main intention would be to distinguish indexed UE capabilities block in LTE-NR deployment scenario. 



Figure 2. The EN-DC UE Category as aLTE-NR specific capability component.




Figure 3. UE Capability coordination with UE Capabilities Enquire specific for NSA operations




Figure 4. UE Capability coordination with UE Capabilities Enquiry split for NR component fetch

Figure 5. UE Capability coordination with UE Capabilities Enquiry split for each capability component (E-UTRA, ENDC, NR).

Proposal 5: EN-DC Category is signalled as a part of coordinated LTE-NR capabilities at SgNB addition.
3		Conclusion
We have discussed the definition of EN-DC UE category and observed the following:
Observation 1: Achievable data rate in EN-DC scenarios needs to consider split-bearer operation. 
Observation 2: LTE UE Category and NR UE Category need to be self-contained and separated.
Observation 3: A joined LTE-NR UE Capability signalling as a sequence conveying both: LTE UE Category and NR UE Category duplicates contents of LTE and NR UE capabilities.
Based on these, we propose the following:
Proposal 1: Do not define a separate EN-DC UE category in TS38.306 specification. Instead, an EN-DC “UE category” (DL/UL) is a union of an LTE UE category and an NR UE category. 
Proposal 2: EN-DC UE category inherits the following characteristics from the LTE and NR UE categories;
· Maximum number of bits of DL/UL-SCH TB bits received/transmitted within a TTI in E-UTRA
· Maximum number of bits of DL/UL-SCH TB bits received/transmitted within a TTI in NR
· total number of soft channel bits in E-UTRA
· total number of soft channel bits in NR,
· total layer 2 buffer size across both LTE and NR 
Proposal 3: Total layer 2 buffer size for EN-DC UE Category considers inter-dependencies of bit-stream components over MN and SN.
Proposal 4: Each node can know its share from the description of the UE category index; an index points to the union of the standalone LTE and standalone NR UE DL/UL category.
 Proposal 5: EN-DC Category is signalled as a part of coordinated LTE-NR capabilities at SgNB addition.
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