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1. Introduction

At RAN#46, a new work item for 4 carrier HSDPA was agreed in [1], in which 3/4 cell HSDPA operation in combination with MIMO was specified for the following scenarios:

a. The 3-4 carrier transmission only applies to HSDPA physical channels.

b. The carriers belong to the same Node-B.

c. The carriers are configured to be spread across 1 or 2 bands.

d. The carriers within one band are configured to be adjacent.

e. Identification of which limited number of combinations (including which combinations of numbers of downlink carriers per band in the dual-band case and which carriers use MIMO) that should be targeted is part of the work item. The combinations developed under this WI will be added to the WID in RAN#47.

f. 3-4 carriers HSDPA is independent of DC-HSUPA and thus it should be compatible with single UL carrier operation.

g. Functionality currently defined for DC-HSDPA in combination with MIMO, DC-HSUPA and DB-HSDPA should be re-used unless non-re-use can be justified by clear benefits.

In this contribution, we discuss some aspects for the definition of UE categories definition for 4-carrier HSDPA.
2. Discussion
In order to allow for smaller steps from the requirements of Dual-Carrier plus MIMO to the requirements of 4 Carriers plus MIMO, some UE categories in-between those requirements could be defined, to reduce the time to market for 4 carrier HSDPA capable UEs with lower peak data rate.
We think the current methodology should be maintained, where the category is not only defined by the peak data rate but also reflects other capabilities of the UEs, for example:
· Maximum number (3 or 4) of downlink carriers supported

· Maximum number (0, 1, 2, …) of downlink carriers with MIMO supported 

· Highest supported modulations (16QAM or 64QAM)
· Highest supported Turbo code rate (whether with the limitation of 0.823 or not)
However, if all the above UE capabilities are considered, the total number of UE categories for 4 carrier HSDPA will be up to 36. In general, it is desirable to avoid a large number of UE categories to reduce the complexity of network implementation and to simplify the specification. 
In order to narrow down the whole possible set of UE categories for 4 carrier HSDPA, we propose the following rules:

· Define different categories for different number of carriers supported by the UE:
Some operators may only have three 5 MHz spectrum resources, and a UE supporting aggregation of up to 3 carriers may be enough in a large number of cases.

· Define different categories for different number of carriers with MIMO supported by the UE:
Supporting an increased number of carriers with MIMO will increase the complexity of base band processing, in addition, it will require more effort for the subsequent MAC/RLC level processing. In order to avoid a large number of UE categories, we only consider support of 0/3 carriers with MIMO for 3 carrier aggregation and 0/2/4 carriers with MIMO for 4 carrier aggregation. 
· Not define different categories for the highest modulation supported by the UE.

This means that all the UEs supporting 4 carrier HSDPA shall support 64QAM. The extra cost for a UE due to 64QAM compared with 16QAM could be considered as negligible if 4 carrier HSPA is supported.
· Define different categories for a different maximum Turbo code rate supported by the UE.

Decoding performance is still a challenge for the UE under high Turbo code rates. 

In conclusion, the table below lists a proposed set of UE categories for 4-carrier HSDPA based on the rules above:

	HS-DSCH category
	Total Number of DL Carriers
	Total Number of DL Carriers in which MIMO is configured
	Supported modulations 
	Highest Turbo code rate 

	29
	3
	0
	QPSK, 16QAM, 64QAM
	0.823

	30
	3
	0
	QPSK, 16QAM, 64QAM
	1

	31
	3
	3
	QPSK, 16QAM, 64QAM
	0.823

	32
	3
	3
	QPSK, 16QAM, 64QAM
	1

	33
	4
	0
	QPSK, 16QAM, 64QAM
	0.823

	34
	4
	0
	QPSK, 16QAM, 64QAM
	1

	35
	4
	2
	QPSK, 16QAM, 64QAM
	0.823

	36
	4
	2
	QPSK, 16QAM, 64QAM
	1

	37
	4
	4
	QPSK, 16QAM, 64QAM
	0.823

	38
	4
	4
	QPSK, 16QAM, 64QAM
	1


The rules above do not consider whether the carriers are across different bands or whether the MIMO capability is restricted to a particular band. Such capabilities should be reported by the UE in a separate way.
3. Conclusion
It is proposed that RAN1 discusses the principles presented above for the UE category definition with 4-carrier HSDPA.
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