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1          Introduction

In the previous RAN2#69bis meeting, the allocation of UE categories for 4C-HSDPA was discussed and the number of UE categories proposed were four [1], eight [2], [3], [4] and ten [5].  It was also agreed that the UE category shall be able to support 3 or 4 carriers.  The open issues are:
· MIMO Configurations: 0/2/All carriers

· Code Rate limit for 64 QAM

· Category for 16 QAM (or support only 64 QAM)

This T-doc aims to address the above issues and offer a proposal.

2          MIMO Configurations
In order to limit the number of UE categories, proposal [1], [3] and [5] suggested that the UE shall either support MIMO in all the supported carriers or not support MIMO at all.  In [2], it is proposed that the UE shall support MIMO in one or in all carriers.  These proposals, [1], [2], [3] & [5], allow the market to have two extreme ends of UE (e.g. a low end without MIMO or 1 MIMO and a high end with MIMO on all carriers).  Since this was the aim of proposal [2], a larger difference in UE performance can be had if the UE can support MIMO in either one or in all carriers.  

However, it is argued that an intermediate UE category support MIMO in 2 carriers for 4C-HSPA UE [4] is introduced to alleviate the Turbo decoder at the UE.  It is envisaged that 3C-HSDPA will be introduced first followed by 4C-HSDPA.  Since the 4C-HSDPA + 2 MIMO UEs in [4] have similar amount of soft bits and HSDPA streams as those in 3C-HSDPA + 3 MIMO UEs, the intermediate 4C-HSDPA + 2 MIMO UE categories do not offer additional improvement or increased in Turbo decoder complexity over 3C-HSDPA + 3 MIMO UE.  Hence, it is proposed that the UE either do not support MIMO or support MIMO in all its carriers.
Proposal 1: UE shall either not support MIMO at all or support MIMO in all carriers.

3          Code Rate Limit for 64 QAM

It is stated in [4] that the maturity of 64 QAM and advances in UE implementation allow 64 QAM operation without code limit.  This view is shared by [1], [2] and [3] since, without a code limit, the number of UE categories is reduced.  However, a code rate limit is introduced for 64 QAM UE in [5].  The user perceived peak performance of having a code rate limit (0.823) and not having a code rate limit is likely to be small (less than 20%), which, by comparison, may cause one of these UE (with code rate limit vs. without code rate limit) to be unattractive to the user.  Since there isn’t significant complexity in today’s UE implementation for 64 QAM operations without code rate limit [4], it is proposed that a code rate limit is not introduced.
Proposal 2: There is no code rate limit for 64 QAM operations.
4          Category for 16 QAM

It is proposed that a 16 QAM category is introduced in [2], [3], [4] and [5] given the extra complexity in decoding 64 QAM.  It is also proposed in [2], [4] & [5] that MIMO is also supported if the UE can support up to 16 QAM.  Given the complexity and to reduce the number of UE categories, it is proposed that a 16 QAM UE category is introduced and that a UE supporting up to 16 QAM shall also support MIMO in all carriers.
Proposal 3: 16 QAM UE categories should also support MIMO in all its carriers.
5          UE Categories

From the discussion in the previous sections, the following are categories are considered:
· 3C or 4C HSDPA

· No MIMO support or MIMO in all carriers

· No code rate limit for 64QAM
· 16 QAM that also supports MIMO in all carriers

This gives 6 UE categories and they are listed in Table 1.

Table 1: UE Categories

	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
	1

	31
	3
	3
	QPSK, 16QAM, 64QAM
	1

	32
	4
	0
	QPSK, 16QAM, 64QAM
	1

	33
	4
	4
	QPSK, 16QAM
	1

	34
	4
	4
	QPSK, 16QAM, 64QAM
	1


Proposal 4: 6 UE categories are introduced for 4C-HSDPA as listed in Table 1.
3          Conclusion

This T-doc discussed the open issues raised in the previous meeting concerning UE categories.  Based on the analysis, the following proposal are made:
Proposal 1: UE shall either not support MIMO at all or support MIMO in all carriers.

Proposal 2: There is no code rate limit for 64 QAM operations.
Proposal 3: 16 QAM UE categories should also support MIMO in all its carriers.
Proposal 4: 6 UE categories are introduced for 4C-HSDPA as listed in Table 1.
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