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1 Introduction
In RAN2#69bis, a number of proposals were made regarding how many new UE categories should be defined ([1]-[5]).  In addition a subset of categories that were common to all proposals is shown in Table 1.  

This contribution further discusses the need of additional categories for 4C-HSDPA.
2 Discussion
In the last meeting it was agreed that additional UE categories with 3 and 4 carriers will be defined.  Moreover, all the proposals included a common sub-set of UE categories which are shown in Table 1.  These categories are used as a baseline and the need for further categories remains FFS.  More specifically, the following open issues related to UE categories remain:  

· Support of MIMO configuration zero, 2, or all carriers

· Support for code rate limitations for 64 QAM

· Support for 16QAM vs. 64 QAM
	HS-DSCH category
	Total number of DL Carriers
	Max. number of DL carriers with MIMO configured
	Supported modulations 
	Highest turbo code rate 

	29
	3
	0
	QPSK, 16QAM, 64QAM
	1

	30
	3
	3
	QPSK, 16QAM, 64QAM
	1

	31
	4
	0
	QPSK, 16QAM, 64QAM
	1

	32
	4
	4
	QPSK, 16QAM, 64QAM
	1


Table 1: Subset of category common to all proposals during RAN2#69bis
In order to provide UE vendors with the flexibility of designing UEs with different levels of complexity and cost, it would be desirable to introduce a number of additional UE categories.  However, in order to minimize testing complexity and network management of devices, the number of new UE categories should be limited.  

In order to limit the number of categories, we propose as a first step to only allow signaling support for either no MIMO on any of the carriers or MIMO on all the carriers.   This will bring the total number of additional UE categories to 12 as shown in table 2, where both 16QAM and 64 QAM are supported and the code rate limitation is supported for 64 QAM.  
Proposal 1: Support for MIMO can only be signaled for all carriers or none of the carriers

	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within

an HS-DSCH TTI
	Total number of soft channel bits

	Total Number of DL Carriers
	Total Number of DL Carriers in which MIMO is configured
	Supported modula-tions in aggregated carriers

	29
	15
	1
	27952
	518400
	3
	0
	QPSK, 16QAM

	30
	15
	1
	35280
	777600
	3
	0
	QPSK, 16QAM, 64QAM

	31
	15
	1
	42192
	777600
	3
	0
	

	32
	15
	1
	27952
	1036800
	3
	3
	QPSK, 16QAM

	33
	15
	1
	35280
	1555200
	3
	3
	QPSK, 16QAM, 64QAM

	34
	15
	1
	42192
	1555200
	3
	3
	

	35
	15
	1
	27952
	691200
	4
	0
	QPSK, 16QAM

	36
	15
	1
	35280
	1036800
	4
	0
	QPSK, 16QAM, 64QAM

	37
	15
	1
	42192
	1036800
	4
	0
	

	38
	15
	1
	27952
	1382400
	4
	4
	QPSK, 16QAM

	39
	15
	1
	35280
	2073600
	4
	4
	QPSK, 16QAM, 64QAM

	40
	15
	1
	42192
	2073600
	4
	4
	


Table 2: HS-DSCH physical layer categories for 4C-HSDPA
If further reduction in the number of additional UE categories is required, we propose to eliminate next the UE categories that indicate support for 16QAM only for non-MIMO UEs.   However, the combination of 64 QAM and MIMO simultaneously on all carriers introduces high receiver design complexity and therefore it may be beneficial to provide the UEs with the flexibility of supporting MIMO and 16 QAM or MIMO and 64 QAM.   This will further reduce the number of UE Categories to 10.
Proposal 2: Allow support for 16 QAM or 64 QAM when MIMO is supported on all carriers

On the code rate limitations, it is preferential to aim at further reducing the complexity associated with the MIMO and 64QAM UE by allowing code rate limitations at least for these categories.  
Proposal 3:  Allow code rate limitation support only for 64QAM and MIMO UE categories.  

	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within

an HS-DSCH TTI
	Total number of soft channel bits

	Total Number of DL Carriers
	Total Number of DL Carriers in which MIMO is configured
	Supported modula-tions in aggregated carriers

	29
	15
	1
	42192
	777600
	3
	0
	QPSK, 16QAM, 64QAM

	30
	15
	1
	27952
	1036800
	3
	3
	QPSK, 16QAM

	31
	15
	1
	35280
	1555200
	3
	3
	QPSK, 16QAM, 64QAM

	32
	15
	1
	42192
	1555200
	3
	3
	

	33
	15
	1
	42192
	1036800
	4
	0
	QPSK, 16QAM, 64QAM

	34
	15
	1
	27952
	1382400
	4
	4
	QPSK, 16QAM

	35
	15
	1
	35280
	2073600
	4
	4
	QPSK, 16QAM, 64QAM

	36
	15
	1
	42192
	2073600
	4
	4
	


Table 3: HS-DSCH physical layer categories for 4C-HSDPA
3 Conclusion

In this contribution, the UE categories for 4C-HSDPA were discussed. As a result, we would like the group to discuss and agree with the following proposals:

Proposal 1: Support for MIMO can only be signaled for all carriers or none of the carriers

Proposal 2: Allow support for 16 QAM or 64 QAM when MIMO is supported on all carriers

Proposal 3:  Allow code rate limitation support only for 64QAM and MIMO UE categories.  
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