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1	Introduction
[bookmark: _GoBack]RAN sent an LS [1] to ask RAN1 and RAN2 starting discussion on UE categories in EN-DC and in NR, and RAN2 made an agreement for UE category for NR during RAN2-NR#2 meeting as follows.
Agreements
1	NR UE Category is supported and at least associated with a peak data rate.
As a result of offline discussion during RAN2-NR#2, RAN2 made a way-forward [2] for UE category in EN-DC with following three proposals:
	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.


This contribution discusses about above proposals one by one whether UE category is inherited or a new concept is introduced.
2	Discussion 
2.1	UE categories in LTE
To support different scenarios, there is a need for LTE to support a range of categories of UE with different capabilities to satisfy different market segments in terms of data rates, as well as to allow for market differentiation in terms of low- and high-end UEs with a corresponding difference in price, not all UEs support all capabilities. In principle, the different parameters could be specified separately, but to limit the number of combinations and avoid a parameter combination that does not make sense, a set of physical-layer capabilities are lumped together to form a UE category in LTE.
Therefore, UE category is basically a composite index indicating multiple things together as summarized in Table 1. 
Table 1 UE categories in LTE
	UE Capability indicated by UE category
	Note
	UE Capability indicated by UE category
	Note

	Maximum number of DL-SCH transport block bits received within a TTI
	DL peak data rate
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	UL peak data rate

	Maximum number of bits of a DL-SCH transport block received within a TTI
	max DL TB size  
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	max UL TB size

	Total number of soft channel bits
	HARQ buffer
	Support for 64QAM in UL
	Support of UL High Modulation Order

	Maximum number of supported layers for spatial multiplexing in DL
	MIMO capability
	Support for 256QAM in UL
	Support of UL High Modulation Order

	Maximum number of bits of a MCH transport block received within a TTI
	peak MBMS data rate
	Total layer 2 buffer size
	RLC tx buffer, RLC Rx buffer, PDCP Rx buffer



2.2	UE categories for EN-DC 
In EN-DC the master is LTE; hence LTE UE category shall be reported according to LTE RRC procedure. The question is whether UE shall provide additional information and if so what and how. From our understanding, it is clear that EN-DC UE can operate in LTE SA or NR SA, and the EN-DC UE is required to know the below five peak data rate in Table 2.
Table 2 UE information of peak data rate for EN-DC
	Terminology used in this contribution
	Description

	SA LTE peak data rate
	Peak data rate when UE is operating in standalone LTE (or only in LTE)

	SA NR peak data rate
	Peak data rate when UE is operating in standalone NR (or only in NR)

	EN-DC peak data rate
	Peak data rate across LTE and NR when UE is operating in EN-DC

	EN-DC LTE peak data rate
	Peak data rate of LTE when UE is operating in EN-DC

	EN-DC NR peak data rate
	Peak data rate of NR when UE is operating in EN-DC



UE anyway reports categories for each RAT, which also represents the peak data rate in corresponding RAT. Therefore, Proposal 1 in the way-forward is in that sense logical and reasonable, which is proposed to be confirmed here.
Proposal 1: UE indicates individual UE categories for LTE SA, NR SA.
However, EN-DC peak data rate could be different from the simple sum of SA LTE peak data rate and SA NR peak data rate. In such case EN-DC peak data rate needs to be reported separately. Reporting a category representing the EN-DC peak data rate could be one possible approach. However, it may restrict the UE implementation flexibility since the only selected values can be reported if the EN-DC category is used. We think there are many combinations for EN-DC peak data rate. Following Table 3 is the association between DL peak data rates and LTE UE categories.
Table 3 Association between DL peak data rates and LTE UE categories
	DL category
	DL peak data rate
	DL category
	DL peak data rate

	9/10
	452 Mbps
	16
	978 Mbps

	11/12
	603 Mbps
	17
	25056 Mbps

	13
	391 Mbps
	18
	1174 Mbps

	14
	3916 Mbps
	19
	1566 Mbps

	15
	798 Mbps
	
	


The number of peak data rates matched with the current LTE categories is small and if we use e.g. LTE UE category to indicate the EN-DC peak data rate, unnecessary restriction is posed in the EN-DC peak data rate. Better approach is to report the combined peak data rate in absolute value to secure the flexibility of peak data rate.
Proposal 2: For EN-DC, UE indicates the peak data rate across LTE and NR in absolute value.
It is not clear whether EN-DC LTE peak data rate and EN-DC NR peak data rate should be explicitly reported to gNB. For EN-DC, LTE scheduler and NR scheduler will schedule each RAT based on maximum scheduling (or scheduling limit) for UE in each RAT. Most of cases, the scheduler can analogy the scheduling limit for UE by referring the current UE configuration. For example, if the current configuration of LTE UE which is operating on EN-DC is “total aggregated bandwidth = 40 MHz, supported MIMO layer = 2”, then the peak data rate for that UE is 150 Mbps and it can be easily know to LTE scheduler without any explicit signalling. That is, the current configuration of each RAT such as already reported UE capabilities can help the scheduler to know the peak data rate of UE for each RAT. The only problem is whether the UE’s LTE baseband processing supports the configured peak data rate (i.e. 150 Mbps for above example). The baseband processing resource will be able to dynamically or semi-statically be shared between LTE and NR. Moreover, it can be used separately for each RAT. It is UE implementation what kind of method will be used for the baseband processing resource. There are no needs to report EN-DC LTE peak data rate and EN-DC NR peak data rate if the configured EN-DC peak data rate can be achieved by proper sharing of baseband processing resource.
Proposal 3: For EN-DC as baseline, EN-DC LTE peak data and EN-DC NR peak data rate are not explicitly reported.
3 Conclusion
In this contribution, we provide our view on Rel-15 UE category for EN-DC and ask RAN2 to discuss the following proposals:
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 in absolute value.
Proposal 3: For EN-DC as baseline, EN-DC LTE peak data and EN-DC NR peak data rate are not explicitly reported.
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