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1. Introduction
The document continues the discussion of UE categories addressed previously in [1]

 REF _Ref181153408 \r \h 
[2] and comments on specific open issues concerning UE categories resulting from the RAN1#50bis (Shanghai) [3].
2. Discussion
2.1. Peak Rates and Downlink Modulation Support
As summarised in Table 1, following [3], peak rate support for Class 1 devices remains open. 
	
	
	Class 1
	Class 2
	Class 3
	Class 4
	Class 5

	Peak rate (Mbps) 
	DL
	Option 1
	5
	50
	100
	150
	300

	
	
	Option 2
	20.3
	
	
	
	

	
	
	Option 3
	10
	
	
	
	

	
	UL
	Option 1
	2
	25
	50
	50
	75

	
	
	Option 2
	11.9
	
	
	
	

	
	
	Option 3
	5
	
	
	
	


Table 1 – DL and UL peak rates.
Class 1 Peak Rates – In considering peak rates for Class 1 devices, it should be noted that some UE functions – such as cell search, FFT engines, PDCCH processing etc. –do not scale significantly with PDSCH or PUSCH data rate. Accordingly, for terminals capable of supporting close to or less than 20Mbs DL and 10 Mbps UL, the relationship between cost/complexity and PDSCH/PUSCH data rate becomes relatively weak. Ultimately, the benefit of reducing the DL data rate below 10Mbps and the UL rate below 5Mbps is particularly limited. 
Class 1 and 64 QAM – Similarly, we do not see a strong dependency between cost/complexity and support for DL 64-QAM, although it should be noted that RAN4 has not completed its work in the area of EVM and so this issue is still subject to some revision. However, there seems to be limited benefit in precluding 64-QAM operation from Class 1, and so 64-QAM support for Class 1 should be maintained.
Class 1 and MIMO – If 64-QAM operation continues to be supported, however, and if the supported downlink rate of Class 1 is specified to be as low as 10Mbps, the case for maintaining MIMO support for Class 1 diminishes and a specific “not supported” assignment could be considered for Class 1.
2.2. Soft Buffer Sizes

Given the peak data rates of Table 1, Tables 2-4 summarise the resulting codeword and soft buffer sizes, where a 10Mbps DL peak rate is assumed for Class 1.
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Table 2 – UE approximate codeword sizes and soft buffer sizes – downlink.
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Table 3 – UE approximate codeword sizes and soft buffer sizes – uplink.
	
	Class 1
	Class 2
	Class 3
	Class 4
	Class 5

	Max. #bits DL-SCH TBS per Codeword in TTI 
	~10530
	~24880
	~49800
	~74650
	~149300

	Max. #bits UL-SCH TBS in TTI
	~5180
	~24880
	~50800
	~50800
	~76200

	Total Soft Buffer Size
	~94k

	~442k
	~885k
	~1330k
	~2660k


Table 4 – Approximate codeword and soft buffer size.
Only approximate dimensions for codeword sizes are given, since maximum code rates and soft buffer provisioning methodologies are not yet specified. Concerning these issues:

1. Maximum code rate – maximum code rates in region of 0.9 are appropriate.

2. UE soft memory size – UE total soft buffer sizes should be limited by stage 1 rate matching. This can be supported with minimal complexity, according to e.g. [4]. 
3. UE soft memory partitioning – Since there is very little cost associated with making the facility available, UE soft memory should be re-allocable between H-ARQ processes, as discussed in [5].
2.3. Uplink Modulation Support
We do not see significant obstacles for UE uplink baseband support for 64-QAM. There is very limited benefit, however, to mandating uplink 64-QAM in any of the LTE deployment cases identified by TR 25.914, and a significant cost/power consumption burden is placed on the UE power amplifier, so this capability should be optional for classes 1-4.
2.4. 4x4 MIMO Support

Contemporary form factor design for mobile stations indicates 4x4 MIMO should be optionally supported for Classes 1-4. 4x4 MIMO should further be specified as not supported, or additional 4x4 sub-classes defined, if the possibility of such support prevents a clear definition of the maximum transport block size per TTI when operating with 2x2 MIMO. Nevertheless, alternative terminal form factors supporting 4x4 MIMO could make additional categories supporting 4x4 MIMO of interest in future.
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