
3GPP TSG-RAN WG1 Meeting #50bis
R1-074359
Shanghai, China
October 8th – 12th, 2007

Agenda item:

6.6
Source:
Nokia, Nokia Siemens Networks
Title:
UE Categories
Document for:

Discussion and Decision

1
Introduction

In RAN1#50 an input paper from operators was presented defining UE classes for LTE [1].  In the following we discuss the different aspects of defining the physical layer parts of the UE classes and give a proposal for the FDD UE classes in section 3.
2
Discussion

2.1
Data Rate Limitation 
In the proposal, the maximum data rates of the different classes were defined by limiting the number of resource blocks the class shall be able to receive in a given TTI. However, due support of 20 MHz transmission receiving bandwidth in DL, the UE will need to receive all resource blocks in the system bandwidth until it finds from the control signalling which resource blocks are for it. The limiting factor for the data rate in the UE is the turbo decoding processing capability, which means that the UE can only receive a maximum number of bits (or code blocks) in a TTI while still meeting the processing time requirements. For HSDPA, TS 25.306 puts a limitation on the “Maximum number of bits of an HS-DSCH transport block received within an HS-DSCH TTI” and this gives the limitation in data rate for the UE. A similar limitation should be defined for the LTE UE classes. In case of multiple stream transmission, two transport blocks (or code words) are transmitted and with the given definition, the limitation is applied to each transport block. 
Picking the maximum number of transport channel bits as the criteria for limiting gives more freedom in selecting the maximum data rates for the different classes, giving the possibility of creating more “marketable” data rates. In our opinion, the DL/UL data rates for classes two through five should be adjusted resulting in 5/2, 50/25, 100/50, 150/50 and 300/75 Mbps classes. This is shown in our UE classes proposal in section 3.
The exact values for the number of bits in a transport block should be selected once the transport block size signalling has been decided in order to have allowed transport block sizes as limits.

2.2
Maximum Code Rate

Receiving data with code rates close to 1 requires a receiver with very high SNR resulting in undesirable higher receiver complexity and costs, even if the use of these code rates in true deployments is not very likely. Already with 16QAM this could be an issue and introducing 64QAM will further tighten the receiver requirements. It is therefore our proposal that the maximum code rate is upper limited to 0.8-0.9, not only in the UE capabilities, but also in the TFI signalling.

2.3 
UE Class 1
We see UE class 1 as a voice centric low cost, low power and small size UE. In order to achieve this, it is our proposal that the Class 1 UE should only support single stream transmission and not support 64QAM. Putting too much functionality in the Class 1 will make it obsolete.
2.4
HARQ Buffer Sizes

High data rates require large buffers for storing previous unsuccessful transmissions sizes when supporting incremental redundancy. In order to limit the cost of implementing the highest largest soft buffer sizes, it is proposed to limit the HARQ-buffer sizes for the classes 4 and 5. Classes 1-3 should support full IR which means that the soft buffer size is dimensioned to hold the full codeword, rate 1/3, for 8 HARQ-processes for one or two transport blocks of maximum sizes, depending on single or multiple stream transmissions. For classes 4 and 5, a procedure for handling the case when there is not space in the buffer must be developed. One example of how this can be done was shown in [2].
2.5
MBSFN Capabilities
As RAN1 is only discussing the L1 capabilities, support for MBMS as a service need not be discussed. However, from the L1 perspective it is important that all UEs are able to deal with the occurrence of MBSFN sub-frames in the mixed carrier case regardless of whether the UE is supports receiving MBSFN transmitted data and MBSFN reference signals. Hence, all UEs should be MBSFN “aware”. 
3
Proposed FDD Classes
Based on the discussion in the previous sections, we propose the following UE classes:
	
	Class 1
	Class 2
	Class 3
	Class 4
	Class 5

	Peak rate (Mbps) 
	DL
	5
	50
	100
	150
	300

	
	UL
	2
	25
	50
	50
	75

	Maximum number of bits of a DL-SCH transport block received within a TTI

	5032
	25008
	50000
	75056
	150032

	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	2024
	25008
	50000
	48040
	75056

	Soft buffer size

[words]
	121440
	1 208 256
	2 413 248
	3 000 000
	6 000 000

	Capability for physical functionalities

	RF bandwidth
	20MHz  (FFS whether band dependent in RAN4)

	Modulation
	DL
	QPSK, 16QAM
	QPSK, 16QAM, 64 QAM

	
	UL
	QPSK, 16QAM
	QPSK, 16QAM
	QPSK, 16QAM
	QPSK, 16QAM, 
	QPSK, 16QAM, 64QAM

	Multi-antenna

	2 Rx diversity
	Mandatory.  It is FFS in lower frequency (< 1GHz) in RAN4

	2x2 SU-MIMO
	Not supported
	Mandatory

	4x4 SU-MIMO
	Not supported
	Mandatory

	MBMS

	MBSFN sub-frame awareness
	Mandatory

	Support of 7.5KHz sub-carrier
	Optional
	Optional
	Optional
	Optional
	Optional

	Simultaneous reception of dedicated MBMS
	Optional
	Optional
	Optional
	Optional
	Optional


4 Conclusion

Our recommendation is that the UE classes as proposed in section 3 are adopted for LTE. 
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� In case of multiple stream transmission, there are two transport blocks and the maximum number of transport channel bits in a TTI is twice the number given. Transport block sizes that do not result in the need for filler bits have been picked.


� The soft buffer sizes for classes 1-3 have been calculated based on the maximum transport block size, 8 HARQ processes, code rate 1/3 and the agreed code block segmentation rules from TS 36.212. 





