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1   Introduction
For LTE, the different UE types are defined in TS36.306, i.e., ue-Category (for LTE eMBB), ue-CategorySL (for LTE V2X), and ue-Category-NB (for NB-IoT). Those UE types correspond to different features and RAN4/5 requirements for certification in 3GPP standard, and also correspond to different UE device form factors in the real networks.
For NR, there is no UE category defined in the Rel-15 specifications and the supported peak data rate is calculated by a number of UE reported capabilities. In our view, that agreement mainly applies for eMBB. For URLLC or NR V2X, we should consider different UE capabilities than eMBB: the features required for high reliability and low latency are more important for URLLC; the sidelink is mandatory for NR V2X. In addition, the required UE capabilities for V2X and URLLC, e.g., the supported bandwidth/peak data rate, are also different from eMBB. It seems too complicated and costly to build/use one UE to support eMBB, URLLC and NR-V2X simultaneously. 

In our view, more competitive solutions can be provided by dedicated UEs in terms of cost-effectiveness and performance. In that way, different form factors and manufacturing processes could be used for UE type, and the mandatory UE capabilities and features could be reasonably chosen. 
So in this contribution we propose to define dedicated UE types for NR URLLC and NR V2X.
2   Background on the Definition of LTE UE type
In TS36.306, separate UE categories are defined for different UE types as shown in Figure 1~3. For each UE type, different features are mandated, and dedicated sets of RAN4 requirements and RAN5 test cases will be applied to verify the UE. 
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The field ue-Category defines a combined vplink and downlink capability. The parameters set by the UE Category are
defined in subclause 4.2. Tables 4.1-1 and 4.1-2 define the downlink and, respectively, uplink physical layer parameter
values for each UE Category. A UE indicating category 6 or 7 shall also indicate category 4. A UE indicating category

8 shall also indicate category 5. A UE indicating category 9 shall also indicate category 6 and 4. A UE indicating

category 10 shall also indicate category 7 and 4. A UE indicating category 11 shall also indicate category 9, 6 and 4. A
UE indicating category 12 shall also indicate category 10, 7 and 4. Table 4.1-4 defines the minimum capability for the

‘maximum number of bits of a MCH transport block received within a TTI for an MBMS capable UE capable of
reception via MBSFN.
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Figure 1: LTE eMBB UE cateogry type in TS36.306
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The ue-CategorySL-C and ue-CategorySL-D define reception and transmission capabilities for sidelink communication,

ue-CategorySL-C and ue-CategorySL-D.

V2X sidelink communication and sidelink discovery respectively. The parameters set by the UE SL-C (sidelink
communication and V2X sidelink communication) category and UE SL-D (sidelink discovery) category are defined in
subclause 4.2A. Table 4.1B-1 defines physical layer parameter values for each SL-C Category. Table 4.1B-2 defines
physical layer parameter values for each SL-D Category. If a UE of this release supports sidelink communication, the
‘UE shall support SL-C Category 1. If a UE of this release supports V2X sidelink communication, the UE shall support

SL-C Category 2. If 2 UE supports SL-C Category 2, the UE shall support 737280 soft channel bits. If a UE of this
release supports sidelink discovery, the UE shall support SL-D Category 1.

. Table 4.1B-1: Reception and transmission physical parameter values set by ue-CategorySL-C-
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Figure 2: LTE NR V2X UE category  type in TS36.306
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The field ue-Category-NB defines a combined uplink and downlink capability in NB-IoT. The parameters sct by the UE
Category are defined in subclause 4.2. Tables 4.1C-1 and 4.1C-2 define the downlink and, respectively, uplink physical
Iayer parameter values for cach UE Category. A UE indicating Category NB2 shall also indicate Category NB1.+

. Table 4.1C-1: Downlink physical layer parameter values set by the field ue-Category-NB-
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Figure 3: LTE NB-IoT UE category type in TS36.306
3   Discussion on NR UE capabilities for different UE types
3.1   UE capabilities for eMBB type
Although Rel-15 UE capabilities do not differentiate UE types, it is assumed that these capabilities are mainly for eMBB as the whole Rel-15 is targeting high data throughput for eMBB services. In Rel-16, there will be further enhancements for eMBB performance, e.g. MIMO enhancements. These kinds of enhancements are targeting at the throughput enhancements which are not applicable to UE type like V2X, therefore it would be good to start differentiating capabilities which are essential for eMBB while not for other UE types starting from Rel-16.
3.2   UE capabilities for NR V2X type
In LTE Rel-14, a UE category is defined specifically for the UE type supporting V2X SL communication, i.e. the ue-CategorySL-C, SL category 2 [TS 36.306]. In Rel-15 more categories were introduced for eV2X SL, which were actually defined for the SL CA case. As it was already agreed by RAN2 that only single carrier configuration without SL CA is supported in this release, the discussions below for the NR SL capability will take Rel-14 LTE V2X SL as reference. The SL category 2 is defined as follows:

	Table 4.1B-1: Reception and transmission physical parameter values set by ue-CategorySL-C
UE SL-C Category

Maximum number of SL-SCH transport block bits received within a TTI 

Maximum number of bits of a SL-SCH transport block received within a TTI

Maximum number of SL-SCH transport block bits transmitted within a TTI
Maximum number of bits of a SL-SCH transport block transmitted within a TTI
Maximum number of supported layers for spatial multiplexing in SL-C
SL-C Category 1
25456
25456
25456

25456

1

SL-C Category 2

31704

31704

31704

31704

1




Such a category was defined for LTE V2X due to those very essential capabilities, mainly related to the volume of bits for SL transmission and reception, which shall be handled by the UEs supporting the feature of V2X SL communication. This in turn means that, whether a UE supports this SL-C category 2 symbolizes whether the UE supports this feature of V2X SL communication (“thus being regarded as a so called “V2X-type UE”). As the above SL-C category is specific for SL and thus may not share any Uu capabilities, it was thus defined separately from those existing Uu capabilities when it was introduced, and thus functions as a “symbolization” of the support of V2X SL feature. 

In NR SL, similar design seems necessary to define the UE capabilities for NR V2X. There are still some essential parameters that need to be considered in Release 16.
The capabilities for NR SL should still be gathered and specified separately from the exiting NR Uu capabilities (e.g. an SL specific UE type or SL specific capability set), and based on those whether a UE supports NR SL (i.e. whether it is a NR V2X UE) can be determined.  

3.3   UE capabilities for NR URLLC type
In NR Rel-15, URLLC feature is introduced in terms of configured grant, redundancy transmission, reliable data/CQI transmission and inter-UE pre-emption etc. The target BLER of 10-5 and the 0.5ms latency requirement for eURLLC in Rel-16 put even higher requirement of power consumption and rate/bandwidth for the UE. Compared with Rel-15 basic URLLC features, additional parameters/capabilities will need to be considered in Rel-16 for eURLLC, including for example:
· PDCP duplication enhancement, which requires the UE to establish up to 4 RLC entities for a radio bearer.

· Ethernet header compression, which requires the UE to be capable of EHC context establishment and maintenance.
· Capabilities of increased PDCCH monitoring and new DCI formats with configurable sizes

· Capabilities of UCI enhancements

· Capabilities for enhanced configured grant PUSCH and enhanced grant-based PUSCH

· Capabilities for enhancements to scheduling and HARQ 
· Capabilities for enhanced inter UE Tx prioritization/multiplexing
As URLLC has stricter latency and reliability requirements than eMBB, some UE capabilities that are essential for URLLC can be optional for eMBB services, and therefore, it is beneficial to define UE capabilities catering for a UE type specific for URLLC. 

4   Conclusions 
Based on the discussion above, we propose to add the separate sub-clauses into TS38.306 to introduce separate UE types for eMBB, URLLC and NR-V2X. The URLLC and NR-V2X based on sidelink are features introduced from Rel-16. So we propose to define those UE types from Rel-16.
Proposal: Introduce separate UE types for eMBB, URLLC, and NR-V2X based on sidelink in TS38.306 from Rel-16.
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