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1. Introduction
DL UE categories have been introduced up to 17 [1]. Among them, the highest peak rate is 1.05 Gbps (DL Cat. 16) except for the ones assuming the maximum CA/MIMO/Modulation combinations (i.e., Cat.8, 14, 17) when introduced. This paper presents motivation of introducing new UE categories beyond 1.05 Gbps supported by DL Cat.16.
2. Discussion
For mobile broadband service, DL peak data rate of 1 Gbps is one of the key milestones for migration towards future technologies, i.e. NR. DL Cat.17 can support the peak data rate around 1 Gbps. Nevertheless, the definition of UE category in terms of peak rate is defined as a TTI granularity in accordance with its definition of Maximum number of DL-SCH transport block bits received within a TTI. When TDD bands are used, operators declare the peak rate in bps, taking into account the TDD UL/DL configuration. In that case, the higher data rate than Cat.17 in a TTI is needed to achieve the 1 Gbps data rate.
CA band combinations specified in the Rel-13 version of [2] have reached to 4 and 5 Component Carriers (CCs) in DL as shown in the annex section of this paper. For these CA band combinations, one or two of CCs is served by the TDD band, i.e. Band 42. Although the number of CCs is extended up to 5, additional UE capabilities, i.e., the increased number of MIMO layers and higher order modulation (e.g., 256QAM) are also required to support the 1Gbps data rate.
In the past year, some features were introduced for aiming at improving the performance of 4x4 MIMO. These are:
· 4 layer support for TM3/4 (to address the issues on soft buffer size and Rand Indicator bit width for Cat.6 UEs and beyond);
· Alternative TBS for 64 QAM and 256QAM when TM9 is configured (to achieve the maximum coding rate, 0.931 when MBSFN subframe is not used);
· PDSCH collision handling for TM9 (to utilise RBs in which PSS/SSS are transmitted).
By introducing these functional patches, 4x4 MIMO will be deployed widely in the market.
On the higher order modulation, DL 256QAM was introduced from Rel-12, which the UE supports for all the supported frequency bands. Since this feature is mainly handled by base band processor in the eNB, it can be assumed that the NW supports DL 256QAM for all operating bands once it is deployed.
Based on the above observations, the following two UE categories can be considered to aim for the 1 Gbps peak data. A few examples of CA/MIMO/Modulation configuration are also provided below.

Case 1. 1.4 Gbps (The number of supported MIMO layers by the UE is 14 in total).
Table 1:
Examples of CA/MIMO/Modulation configuration for 1.4 Gbps of UE category
	Example config
	Carrier #1
	Carrier #2
	Carrier #3
	Carrier #4
	Carrier #5

	No.1
	2x2 MIMO
256QAM
	4x4 MIMO
256QAM
	4x4 MIMO

256QAM
	4x4 MIMO

256QAM
	-

	No.2
	2x2 MIMO

256QAM
	2x2 MIMO

256QAM
	2x2 MIMO

256QAM
	4x4 MIMO

256QAM
	4x4 MIMO

256QAM


Case 2. 1.6 Gbps (The number of supported MIMO layers by the UE is 16 in total).

Table 2:
Examples of CA/MIMO/Modulation configuration for 1.6 Gbps of UE category
	Example config
	Carrier #1
	Carrier #2
	Carrier #3
	Carrier #4
	Carrier #5

	No.3
	4x4 MIMO

256QAM
	4x4 MIMO

256QAM
	4x4 MIMO

256QAM
	4x4 MIMO

256QAM
	-

	No.4
	2x2 MIMO

256QAM
	2x2 MIMO

256QAM
	4x4 MIMO

256QAM
	4x4 MIMO

256QAM
	4x4 MIMO

256QAM


3. Summary and proposal
Based on the motivation of introducing new UE categories explained in this paper, the following is proposed:
Proposal 1:

Introduce new DL UE categories aim for 1.6 Gbps and 1.4 Gbps in Rel-13;
Proposal 2:

Ask RAN1/2 to provide the corresponding CRs for RAN #73.
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Annex
Examples of 4/5 DL CC CA band combinations in TS 36.101 v13.3.0

Table 5.6A.1-2b: E-UTRA CA configurations and bandwidth combination sets defined for inter-band CA (four bands)
NOTE:
A few of CA configurations in Table 5.6A.1-2b are excerpted below.
	E-UTRA CA configuration / Bandwidth combination set

	E-UTRA CA Configuration
	Uplink CA configurations (NOTE 5)
	E-UTRA Bands
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Maximum aggregated bandwidth

[MHz]
	Bandwidth combination set

	CA_1A-3A-19A-42A
	-
	1
	
	
	Yes
	Yes
	Yes
	Yes
	75
	0

	
	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	
	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_1A-3A-19A-42C
	-
	1
	
	
	Yes
	Yes
	Yes
	Yes
	95
	0

	
	
	3
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	
	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	
	
	42
	See CA_42C Bandwidth combination set 0 in Table 5.6A.1-1
	
	

	CA_1A-19A-21A-42A
	-
	1
	
	
	Yes
	Yes
	Yes
	Yes
	70
	0

	
	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	
	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	
	
	42
	
	
	Yes
	Yes
	Yes
	Yes
	
	

	CA_1A-19A-21A-42C
	-
	1
	
	
	Yes
	Yes
	Yes
	Yes
	90
	0

	
	
	19
	
	
	Yes
	Yes
	Yes
	
	
	

	
	
	21
	
	
	Yes
	Yes
	Yes
	
	
	

	
	
	42
	See CA_42C Bandwidth combination set 0 in Table 5.6A.1-1
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