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1
Introduction

In this contribution, we discuss and propose Release 10 UE categories for 4C-HSDPA.
2
Key Characteristics of 3C/4C-HSDPA UEs
For 3C/4C-HSDPA, the UE categories can be distinguished on the basis of the following:

· Total number of configurable downlink carriers

· Total number of downlink carriers on which MIMO can be configured

· Supported modulations

· QPSK, 16QAM

· QPSK, 16QAM, 64QAM

As far as dependency on supported bands, this can be signalled separately as in existing RAN2/RAN4 specifications. It should be noted that in certain bands, the UE category may be limited by the maximum channel bandwidth achievable in that band. For example, in a certain band the maximum channel bandwidth may be limited to 4 adjacent carriers (channel bandwidth = 20 MHz) while in another band, the maximum channel bandwidth may be limited to 2 adjacent carriers (10 MHz).
3
Considerations towards 3C/4C-HSDPA UE Categories
Based on the key characteristics of 3C/4C-HSDPA UEs as defined in Section 2, we propose a set of UE categories for 4C-HSDPA in Table 2.
3.1
Peak Data Rates

The peak data rate requirement translates to the number of soft channel bit requirement as well as turbo decoder processing requirement. Hence this is an important metric to consider while defining new UE categories. 

Based on peak data rate consideration, we believe that by the time Rel-10 networks are deployed, there will be Rel-9 UEs capable of DC-HSDPA+MIMO and 64QAM in each carrier. Hence, it may be reasonable to assume that the minimum peak data rate of a Rel-10 UE equals the maximum peak data rate of a Rel-9 UE. On the other hand, if 3 carriers with MIMO not configured in any carrier turns out to be a common deployment when 4C-HSDPA networks are initially deployed, there may be some merit in introducing a UE category corresponding to a peak data rate of 64.8 Mbps (64QAM in each carrier). As shown in Table 1, starting with such a UE category, we think it may be useful to introduce further new Rel-10 UE categories that correspond to a relative increase of 15% to 30%  in peak data rates.
Table 1: Categorization of 4C-HSDPA UEs based on Peak Data Rates

	Peak Data Rate [Mbps]
	Relative Percentage increase [%]

	64.8
	0

	86.4
	33.33

	100.8
	16.67

	115.2
	14.3

	129.6
	12.5

	172.8
	33.33


Proposal 1: The minimum peak data rate of a 4C-HSDPA UE is 64.8 Mbps.
3.2
Total Number of Carriers

We expect many 4C-HSDPA networks to initially operate on 3 downlink carriers. In particular, 3-carrier deployments across dual bands (2 DL carriers in 1 band and 1 DL carrier in the other band) may turn out to be quite popular. Hence there is merit in categorizing 4C-HSDPA UEs based on support of only 3 downlink carriers 
Proposal 2: Allow for Rel-10 4C-HSDPA UE categories that only support a total of 3 downlink carriers.
3.1
Code rate limitation vs. no limitation
Recall that a proposal to limit the code rate for 64QAM UEs was made in [1], based on a link analysis of 64QAM using a model of RF impairments as assumed in [2]. The motivation then was to allow for the possibility to allow for a fast introduction of the 64QAM feature while ensuring a somewhat lower category peak data rate. 64QAM on the downlink is now a more mature feature in currently deployed HSPA networks and there is sufficient evidence that 64 QAM can be taken advantage over in a large percentage of Rel-7 HSPA networks. Given this and the fact that sufficient advances have been made in UE implementation of RF and front end analogue sub-systems to increase the SNR limit as required to support 64QAM on the downlink, it is difficult to justify the need to limit the code rate for a high end 4C-HSDPA UE.
Proposal 3: Do not introduce code rate limitation in carriers for which 64QAM is configured in a 4C-HSDPA UE.

3.2
Supported Modulation
In order to target realistic geometries as currently observed in HSPA networks, we think that it may be useful to introduce UE categories for which the supported modulation is restricted to 16QAM only for the carriers for which MIMO is configured. 
Proposal 4: Always allow for 64QAM operation in carriers for which MIMO is not configured in a 4C-HSDPA UE. Alternately, for any 4C-HSDPA UE, the maximum number of bits of an HS-DSCH transport block received within an HS-DSCH TTI = 42192 bits.
Proposal 5: For the carriers in which MIMO is configured in 4C-HSDPA, allow for the possibility to limit the supported modulation to 16QAM in those carriers.

3.2
Total Number of DL Carriers in which MIMO can be configured
Introducing 4C-HSDPA UE categories corresponding to support of all possible combinations of MIMO configured and non-MIMO configured carriers, would result in a significant amount of UE categories (18). Such a fine granularity leads to an unnecessary fragmentation of UE devices with not much increase in relative UE complexity between each other. 

For the 3-carrier UEs, we think it may not be of much benefit of introducing intermediate UE categories that correspond to support of 1 or 2 DL carriers in which MIMO can be configured. This is because a 3-carrier UE capable of MIMO in all 3 carriers and limited to 16QAM in the carriers in which MIMO is configured has a peak data rate of 86. 4 Mbps. This is comparable to a Category 28 UE (DC-HSDPA+MIMO, 64QAM in each carrier).
Proposal 6: For a 3-carrier UE device, introduce UE categories that support MIMO to be configured in all or none of the 3 carriers.
For the 4-carrier UEs, there may be some merit to introduce an intermediate category that supports a total of 4 carriers and a maximum of 2 DL carriers in which MIMO can be configured (100.8 Mbps if MIMO carriers are restricted to 16QAM and 129.6 Mbps if 64QAM is allowed in MIMO carriers).
Proposal 7: For a 4-carrier UE device, introduce UE categories that support MIMO to be configured in all, two or none of the 4 carriers.

Based on proposals 1 through 7, we propose eight 4C-HSDPA UE categories as described in Table 2.
Table 2: UE Categories for 4C-HSDPA

	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 can be configured
	Supported modulations without MIMO operation in aggregated carriers
	Supported modulations with MIMO operation in aggregated carriers

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

	30
	15
	1
	42192
	1036800
	3
	3
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM

	31
	15
	1
	42192
	1555200
	3
	3
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	32
	15
	1
	42192
	1036800
	4
	0
	QPSK, 16QAM, 64QAM
	N/A

	33
	15
	1
	42192
	1209600
	4
	2
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM

	34
	15
	1
	42192
	1555200
	4
	2
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	35
	15
	1
	42192
	1382400
	4
	4
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM

	36
	15
	1
	42192
	2073600
	4
	4
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM


4
Conclusions

In this contribution, we have discussed and proposed UE categories for 4C-HSDPA. In particular, we proposed the the UE categories as described in Table 2 for 4C-HSDPA, based on the following:
Proposal 1: The minimum peak data rate of a 4C-HSDPA UE is 64.8 Mbps.

Proposal 2: Allow for Rel-10 4C-HSDPA UE categories that only support a total of 3 downlink carriers.

Proposal 3: Do not introduce code rate limitation in carriers for which 64QAM is configured in a 4C-HSDPA UE.

Proposal 4: Always allow for 64QAM operation in carriers for which MIMO is not configured in a 4C-HSDPA UE. Alternately, for a 4C-HSDPA UE, the maximum number of bits of an HS-DSCH transport block received within an HS-DSCH TTI = 42192 bits.

Proposal 5: For the carriers in which MIMO is configured in 4C-HSDPA, allow for the possibility to limit the supported modulation to 16QAM in those carriers.

Proposal 6: For a 3-carrier UE device, introduce UE categories that support MIMO to be configured in all or none of the 3 carriers.

Proposal 7: For a 4-carrier UE device, introduce UE categories that support MIMO to be configured in all, two or none of the 4 carriers.
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