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1	Introduction
RAN sent an LS [1] to ask RAN1 and RAN2 starting discussion on UE categories in EN DC and in NR as excerpted below. 
<Table 1>
	
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)

TSG-RAN foresees industrial demand that LTE-NR DC (Option 3/4/7 series) enables operators to provide a certain peak data rate, as well as the NR standalone (Option 2). TSG-RAN would like to let RAN WGs to decide how the target peak data rate can be supported for LTE-NR DC and NR standalone in the specifications, e.g. whether the existing concept of UE category is inherited or a new concept in defining the target peak data rate is introduced. RAN sees that it is important that practical UE constraints are also taken into account in the UE capabilities and categories e.g. UE constraints due to hardware sharing during LTE – NR DC operations. It is also up to RAN WGs how the UE categories and capabilities are defined for LTE-NR DC as well as NR standalone.



The first question would be whether UE category is inherited or a new concept is introduced.  
2	Discussion 
2.1	UE categories in LTE
Category is basically a composite index indicating multiple things together as summarized in table 2. 
<Table 2>
	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.
It is not clear what kind of additional information is required. As indicated in the LS, one can consider embedding hardware sharing aspect in UE category. We think it is not desirable because 1) when a certain UE capability needs to be signaled, the trend is to use a separate IE instead of linking the capability with UE category; 2) the impact due to hardware sharing would be mainly on peak data rate and since UE category already include the information relevant to peak data rate there seems no strong need to include the redundant information in the UE category. Based on above observations and rationale, we believe hardware sharing capability should be, if needed, reported in separate IE.
One can consider separating HARQ buffer, MIMO capability, L2 buffer and/or HMO support between LTE and NR. This does not necessary means that the separate capability shall be indicated in the form of UE category. Additional UE capability information could be introduced if needed.
One question is how to address the misalignment on TTI between LTE and NR. It depends on how NR physical layer details are developed which is not clear yet. Based on the above we have following proposal. 
Proposal 1: LTE UE category is reported by EN-DC UE. 
Proposal 2: New LTE UE categories are introduced for EN-DC UE. 
Proposal 3: The definition of LTE UE categories for EN-DC UE is kept same. Additional UE capabilities to be linked with UE category can be discussed on need basis
Proposal 4: LTE UE category is not linked with hardware sharing 
2.3	UE categories for NR standalone
The first question is whether similar concept like UE category shall be supported for NR or not. The motivation of UE category is multifold as listed below.
1. Signaling overhead: one index value instead of signaling multiple parameters e.g. peak data rate, HARQ buffer size etc individually.
2. Implementation guideline: Implementation does not need to worry about countless combinations of peak data rate, HARQ buffer sizes etc but instead implement only the allowed combinations by UE categories.
3. Marketing perspective: Category itself (especially higher category) can be used for marketing/ commercial advertisement

The first motivation is trivial considering the potentially huge size of UE capability information. The second and the third motivation are still valid. If category like concept is used for NR, then the starting point should be LTE UE category.  
Proposal 5: NR UE category is defined
Proposal 6: LTE UE category is the baseline for NR UE category
MIMO capability and HMO support do not need to be informed by UE category. MIMO capability linked with LTE UE category is almost obsolete since Rel-10 and the detailed information in UE capability information is provided per BC. HMO support can be indicated by separate IE instead of linked with UE category. 
Proposal 7: MIMO capability and HMO support are not linked with NR UE categories
On HARQ buffer, RAN1 input and further discussion are required. It is also premature to decide L2 buffer aspect since layer 2 details are still under discussion. MBMS will not be supported in Rel-15 which eliminates the need for discussion on peak MBMS data rate. Remaining linked capability is peak data rate which deserves detailed discussion.   
2.4	Peak data rate linked with category
The peak data rate linked with a category in LTE is derived with the assumption that system BW of serving cells are all 20 MHz, which is rare case in the real deployment. Due to the discrepancy, there is in many cases no way to verify whether category X UE is really performing data rate Y (peak data rate of the category X). 
There are three interpretations that have been discussed in LTE without clear consensus.
Interpretation 1: Peak data rate is determined by the baseband processing capability. Hence, category X UE may demonstrate data rate well lower than Y in real deployment (due to either because of lack of UE RF capability and/or due to NW deployment limitation)
Interpretation 2: Peak data rate is determined by RF capability and baseband capability of UE. Hence category X UE may demonstrate data rate well lower than Y in a real deployment, but if the network deploys 20 MHz cells, UE shall demonstrate data rate of Y
Interpretation 3: Peak data rate is determined by UE capabilities (both baseband and RF) and NW deployment altogether. Hence category X UE shall demonstrate data rate Y at least in one real deployment.   
The problem in LTE is that the specification is not fully clear resulting in the risk of UEs/NWs implementing different interpretations. It should be avoided in NR. RAN2 shall establish a common understanding and specify it unambiguously.
Proposal 8: RAN2 discuss the possible interpretations on the peak data rate linked with NR UE category and agree on single interpretation
3 Conclusion
In this discussion paper we have presented our understanding on UE categories for EN DC and NR standalone and followings are proposed
Proposal 1: LTE UE category is reported by EN-DC UE. 
Proposal 2: New LTE UE categories are introduced for EN-DC UE. 
Proposal 3: The definition of UE categories for EN-DC UE is kept same. Additional UE capabilities to be linked with UE category can be discussed on need basis
Proposal 4: UE category does not linked with hardware sharing 
Proposal 5: NR UE category is defined
Proposal 6: LTE UE category is the baseline for NR UE category
Proposal 7: MIMO capability and HMO support are not linked with NR UE categories
Proposal 8: RAN2 discuss the possible interpretations on the peak data rate linked with NR UE category and agree on single interpretation
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