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1 Introduction

In ‎[9], the new UE categories for Rel.10 were discussed and it is proposed to define 3 new UE categories:

· Rel. 10 category 1: relative lower end UEs for general market. Needs not to support all the features as discussed in Section ‎4
· Rel. 10 category 2: high end UEs for superior user experience and data heavy market

· Rel. 10 category 3: UEs that can take the full advantages of Rel.10 features that may only be needed for special scenarios

It was also proposed in ‎[9] to define UE capabilities for less important features (such as non-contiguous PUSCH transmission and decoupled PUSCH/PUCCH transmission) and some RF capabilities for the benefit of CA and flexible maximum data rate support.
In this contribution, related RAN4 and RAN plenary agreements are discussed followed by detailed proposal for the new UE categories and UE capabilities for Release 10.
2 Definition of new UE Categories for Release 10
As discussed during RAN1#61 meeting, the key parameters in RAN1 for UE category is the supported maximum data rate while the supported number of component carriers associated with a UE category shall be discussed in RAN4 which relies on the agreed carrier aggregation scenarios. Based on RAN4 agreement, the updated CA WID [7] defines the generic band scenarios evaluated for CA WID as:
Table 1 Intra - band Contiguous CA
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA_40
	40
	2300 
	–
	2400 
	[401)]
	2300 
	–
	2400 
	[401)]
	TDD

	CA_1
	1
	1920 
	–
	1980
	40
	2110
	–
	2170
	40 
	FDD

	[1) For the first phase of LTE TDD CA for UE side, with eventual goal for 50MHz]


Table 2 Inter - band Non -Contiguous CA
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz


	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA_1-5
	1
	1920
	–
	1980
	101)
	2110
	–
	 2170
	10 
	FDD

	
	5
	824
	–
	849
	101)
	869
	–
	 894
	10 
	

	1) Only one uplink component carrier is used in any of the two frequency bands at any time.
	


In addition, new work items should be created when new carrier aggregation scenarios are introduced in Rel.10 and future 3GPP specifications – Noting that CA operating bands are release independent.
On the other hand, as pointed out in ‎ [2] 

 REF _Ref260229641 \r \h 
‎ and [3], maximum data rates may be achieved via increased number of layers or aggregated bandwidth. A same RF architecture at the UE may be used for UL MIMO and/or UL CA.
During the email and online discussion of RAN1#61 meeting ‎[10], companies have expressed concerns on how to divide the work among RAN1 and RAN4. Some company suggested that a small number of UE categories may be defined based on the transport channel parameters while various CA scenarios may be defined in RAN4.
2.1 UE Categories for Release 10
Based on the above discussions, 3 new UE categories are proposed in Table 3 for Release 10 based on the currently agreed carrier aggregation scenarios.

Table 3 Proposed Release 10 UE Categories.
	Rel-10 UE categories
	DL Max. data rate
	DL CA/MIMO configurations (#CCs, #layers)
	UL Max. data rate
	UL CA/MIMO configurations (#CCs, #layers)

	Category 1
	300 Mbps
	(2, 2)
	100 Mbps 
(no 64 QAM)
	(2, 1); (1, 2)

	Category 2
	600 Mbps
	(2, 4);
(4, 2) and etc
	200/300 Mbps
(optional 64 QAM)
	(2, 2);
(4, 1) and etc

	Category 3
	1.2 Gbps
	(2, 8);
(4, 4) and etc
	600 Mbps
(support 64 QAM)
	(2, 4);
(4, 2) and etc


For the proposed UE categories 2 and 3, with the same maximum data rate (downlink and uplink), other CA/MIMO configurations (as marked in red) may be well supported once new CA scenarios are defined in the future. Considering the extendibility of the UE categories to the future scenarios, it should then be beneficial to have the flexibility that, under the canopy of one UE category, an UE can report the supported CA/MIMO configurations in addition to the baseline or initial scenarios. Note that UE already has to report its RF capability of the bands and bandwidth. Therefore, we can maintain a small number of UE categories and at the same time support the growing list of CA scenarios.
It is worth to emphasize that an UE’s category/capabilities needs not to match exactly the configuration of a system in order to access the network or allow the eNB full utilizes its feature(s).
In addition, how exactly the inter-band CA scenarios should be supported in each UE categories need to be discussed. One possible way is to support inter-band CA only in categories 2 and 3 while category 1 only needs to support one frequency band at any instance.
3 Features and UE Capabilities

Some features defined in Rel.10 may only be used and/or provide benefits in certain scenarios and hence have lower priority. Examples of such features include UL non-contiguous resource allocation, PUCCH/PUSCH concurrent transmission, and PRB bundling of DL DM-RS. It is agreed in RAN#48 meeting, discontinuous PUCCH/PUSCH and PUSCH/PUSCH allocations is de-prioritized and may become a UE capability with signaling defined in 36.306. Whether other features, for example cross-carrier scheduling and etc., can be an UE capability shall be studied case by case.
As stated in ‎[2], it is the intention of RAN4 to define the supported CA configurations as part of UE capabilities. This may include the frequency band(s) for aggregation, supported bandwidth for each frequency band, number of CCs for intra-band aggregation, and etc. In addition, signaling of related UE RF capabilities is needed to allow flexible method of achieving the maximum data rates either via increased number of layers or aggregated bandwidth ‎[11].
4 Conclusions
This contribution proposed 3 new UE categories for Release 10 where maximum data rate is defined along with baseline/initial CA/MIMO configuration(s). To support future scenarios within the same UE category, additional supported CA/MIMO scenarios may be signaled by the UE along with the UE’s RF capabilities.
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