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1. Introduction
Purpose of this document is to discuss UE capabilities for HSUPA. 
2. HSUPA UE Characteristics
UE capability classes (CCs) will be characterized by the following issues:

1) Minimum UE processing time (<3slots, 3 slots, or 4 slots)
2) TTI size (10ms only, 2 and 10ms)
3) Maximum data rate (3.84Mbps single QPSK SF=2, 5.76Mbps dual QPSK SF=2,4)
4) Given E-DCH then uplink DCH rate should be limited to 64Kbps or 128Kbps

5) RLC buffer size (increase in memory requirement to support higher peak data rates & HARQ)
2.1  Minimum UE Processing Time

Timing constraints associated with the N-channel stop and wait HARQ protocol must be addressed.  The UE and Node-B each have a finite time to process associated control signaling and data transmissions.
1) N=6 or 7 for N-channel stop-and-wait HARQ protocol for 2ms TTI
a) N=6 requires less than 3-slot minimum UE processing time
b) N=7 requires 4-slot or less UE minimum processing time
2) N=3 or 4 for N-channel stop-and-wait HARQ protocol for 10ms TTI
a) 4-slot UE processing time 
3) Whether N is fixed or semi-static is TBD.  In some CRs N is called HARQ_RTT.

UE behaviour

· Decoding ACK/NACK should be prior to transmission procedure ( after ACK/NACK detection UE can decide whether new packet transmission or retransmission
· If NACK and non-maximum number of transmissions reached, no TFC selection is needed and retransmission is performed

· Otherwise, the TFC selection and initial transmission is performed sequentially
Tables 1 and 2 below summarize the minimum required processing time of the UE and Node B respectively.

	
	UE processing time

	ACK/NACK decoding
	< 0.1ms             (encoded BPSK demod)

	Absolute grant decoding
	 < 0.5 slots         (Convolutional coding)

	Relative grant decoding
	< 0.1ms             (uncoded BPSK demod)

	TFC selection
	< 0.5 slots           (R99 + few extra steps)

	E-DCH encoding
	< 1.5 slots  (up to 5.76Mbps for 2ms TTI)

	Total
	< 2ms (3 slots)


Table 1 – Elements for UE processing time

	
	Node B processing time

	E-DCH decoding
	< 2.2 ms

	Data pooling
	< 0.2 ms

	Scheduling
	< 2.0 ms

	RTD (50Km cell)
	< 0.5 ms

	Total
	< 5ms (7.5 slots)


Table 2 – Elements for Node-B processing time (2ms TTI case)

Our preference is for N=7 channel stop-&-wait HARQ (Tue_proc=4slots, Tnb_proc=7.5slots) for 2ms TTI.  

Our preference is for N=4 channel stop-&-wait HARQ (Tue_proc=4slots, Tnb_proc>=8.5slots) for 10ms TTI.  

 

N=7, 2ms TTI Example:

The timing diagram for the case of 2ms TTI with 7 HARQ processes is shown in Figure 1 which is transmitted during the first portion of the TTI on the E-DPCCH (TTI N) and indicates that a E-DPDCH transmission will take place in the next TTI (TTI N+1).  This proposed timing relation has the following characteristics:

· E-HICH, E-AGCH and E-RGCH are time aligned

· at least 4 slots total UE processing time

· at least 8 slot+256 chip processing time at the Node B between the end of E-DPCCH/E-DPDCH and beginning of E-HICH (less round trip propagation delay)
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Figure 1. Timing diagram for N=7 and 4 slot UE min processing time
2.2  TTI size

The 2ms TTI size is supported in the specifications for the E-DCH while 10ms TTI size is considered mandatory.  The 2ms TTI allows reduced latency compared to the 10ms TTI and has been shown to achieve higher throughput. All control channels are based on 2ms TTI where 5x repetition of the 2ms TTI is used to effectively achieve 10ms TTI. Two possibilities for E-DCH TTI size are:
1) E-DCH with 10ms TTI size only

2) E-DCH with 2ms or 10ms TTI size

a. TTI size semi-static and set at call setup

b. TTI size semi-static with change achieved by reconfiguration
2.3  Maximum UE data rate

The maximum or peak data rate that is supported by a UE for HSUPA is determined by the number of QPSK streams supported (1 or 2) and the minimum spreading factor (2 or 4). Several possibilities for UE capabilities with regard to peak rate are listed in Table 3 below. 
Table 3 – E-DCH Peak Rate (no coding) cases as possible UE capabilities (Nmax=8)
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Rate Cases Rate Supported

(TTI size x PkRate x Nmax)(TTI size x PkRate x Nmax)

(Mbps) (bits) (bits)

1 - QPSK SF=4 1.92 Yes 30720 76800

2 - QPSK SF=2 3.84 Yes 61440 153600

3 - QPSK SF=2,4 5.76 No 92160 230400


Assumes Nmax = 8 for 10ms and Nmax = 4 for 2ms

2.4 DCH support when E-DCH configured
It is proposed that the DCH rate be limited to 64Kbps or 128Kbps when the E-DCH is configured.
3. EXamples of HSUPA UE Capability Categories

Table 4 below shows potential UE capability categories based on the previously described UE capability characteristics. Note the maximum N for N-channel stop-&-wait HARQ protocol is given in Table 4 for the 2ms and 10ms TTI cases although the minimum required N may be smaller (e.g. N=7 and N=3 resp.). 
Table 4 – List of potential UE Capability Categories
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CC Size Processing Characteristics N N Buffer

Cases Time 2ms 10ms Size

(ms) (slots) (bits)

1 2&10 4 SF=2,4 QPSK, 5.76Mbps, R=1 8 4 230400

1a 10 4 SF=2,4 QPSK, 5.76Mbps, R=1 8 4 230400

2 2&10 4 SF=2    QPSK, 3.84Mbps, R=1 8 4 153600

2a 10 4 SF=2    QPSK, 3.84Mbps, R=1 8 4 153600

3 2&10 4 SF=4    QPSK, 1.92Mbps, R=1 8 4 76800

3a 10 4 SF=4    QPSK, 1.92Mbps, R=1 8 4 76800


4. Conclusion

This document proposes the following:

1. Introduce 6 UE categories for HSUPA as shown in table 4.

· 3 different categories according to maximum data rate.

· Each divided to 2 subcategories according to whether 2ms & 10ms TTI is supported or only 10ms TTI is supported.
2. All categories assume the uplink DCH data rate is limited to 64kbps or 128Kbps when E-DCH is configured for the radio link.

3. All categories assume additional RLC buffering [TBD] relative to Release 5 to account for HSDPA used concurrently with HSUPA.
4. All categories assume UE minimum processing time of 4 slots.
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		E-DCH Peak		Peak		DCH		2ms TTI Buffer size		10ms TTI Buffer size

		Rate Cases		Rate		Supported		(TTI size x PkRate x Nmax)		(TTI size x PkRate x Nmax)

				(Mbps)				(bits)		(bits)

		1 - QPSK SF=4		1.92		Yes		30720		76800

		2 - QPSK SF=2		3.84		Yes		61440		153600

		3 - QPSK SF=2,4		5.76		No		92160		230400
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		UE		TTI		UE Min		Peak Rate		Max		Max		Min		DCH

		CC		Size		Processing		Characteristics		N		N		Buffer		rate

		Cases				Time				2ms		10ms		Size

				(ms)		(slots)								(bits)		(Kbps)

		1		2&10		4		SF=2,4 QPSK, 5.76Mbps, R=1		8		4		230400		64

		1a		10		4		SF=2,4 QPSK, 5.76Mbps, R=1		8		4		230400		64

		2		2&10		4		SF=2    QPSK, 3.84Mbps, R=1		8		4		153600		64

		2a		10		4		SF=2    QPSK, 3.84Mbps, R=1		8		4		153600		64

		3		2&10		4		SF=4    QPSK, 1.92Mbps, R=1		8		4		76800		64

		3a		10		4		SF=4    QPSK, 1.92Mbps, R=1		8		4		76800		64
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