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Introduction

It is proposed that the E-DCH TTI be switched between 2ms and 10ms to maximize high data rate coverage at the cell edge while preserving the benefit of higher throughput or lower latency achieved when 2ms TTI is used. Switching from 2ms to 10ms reduces PAR/CM levels such that UE performance in terms of size, battery life, and surface temperature are maintained when Release 6 features are introduced.

Data Coverage:

Current commercial 3G systems deployments support 64Kbps at the cell edge (i.e. SHO region or network edge) based on a 10ms or 20ms TTI. 3G operators expect higher data rates at the edge of the cell with HSUPA given Hybrid ARQ.  

Both 2ms and 10ms TTI are supported in the current HSUPA working assumptions. To achieve the highest rate at the cell edge implies the need to switch between TTI sizes either using reconfiguration (via RNC) or dynamically (Layer 1 signaling).  Reconfiguration is preferred. A 2ms TTI is desired due to lower latency or because higher capacity can be achieved over 10ms TTI when using HARQ with higher BLER operating points. It is also assumed to be essential for scheduling voice over packet in order to achieve higher spectral efficiency and meet delay constraints.  

Certain channel configurations result in higher power amplifier (PA) inter-modulation distortion (IMD) as exhibited by relatively higher peak-to-average ratio (PAR) or cubic metric (CM) levels when there is inadequate PA linear headroom. Building a larger PA to avoid higher IMD levels (i.e. achieve required ACLR levels) or to achieve higher power levels means higher current drain which means hotter handsets and poor battery life as well as larger handset form factor for REL6.  This degradation in handset performance (size, battery life & surface temperature) would not be an acceptable trade-off in terms of REL6 features to either a network operator or customer and so a more optimum solution is needed 

In the case of 2 ms TTI, due to the increased CM/PAR from the code multiplexing of the 2ms TTI E-DPCCH with the E-DPDCH and the additional power requirement (2ms vs. 10ms TTI or 5x more power) then for a 2ms TTI (see Table 1) between 72 to 96Kbps can be sustained (given all HARQ channels are used) allowing for 1dB CM margin.  Only 20Kbps can be achieved when only a single HARQ channel is assigned or used.
If 10ms TTI is used instead of 2ms at the cell edge then 128Kbps can be sustained with significantly reduced CM (0.7dB) using CDM E-DPDCH/E-DPCCH and 102Kbps with minimal CM (0.0dB) using TDM E-DPDCH/E-DPCCH).  About 64Kbps can be achieved when only a single HARQ channel is assigned or used.
Scheduling:

It has been proposed to avoid PAR/CM issues by scheduling around problematic channel configurations.  However, scheduling alone cannot maximize data rate coverage and minimize PAR/CM at the cell edge while changing TTI size from 2ms to 10ms can.

Table 1 Data Rate Coverage at Cell Edge – Ec/Nt margin vs. TTI size
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#Transmissions Targeted

1tx
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4tx

Effective Data rate (single HARQ)

63403

62080

63726

50816

51090

20495

19649

20181

bps

Effective Data rate (all HARQ chan)

63403

62720

127573

50944

102229

71808

85184

95885

bps

Ec/Nt margin for #TargetTx

REF

-0.4

-0.1

-0.1

0.3

0.1

0.2

0.3
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CM (inc margin if >1.0dB)

0
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0.0

0.0
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15

0

0

0

0

0

0

0
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-12.91

-12.91

-12.91
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-20.5
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DPDCH Ec/Nt

-14.0
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-117.5

-118.8

-118.6
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EU-DPCCH Ec/Nt *

-117.5
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-117.5
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-14.0

-14.0

-15.3

-15.1

-14.9

dB


* note the E-DPCCH is soft combined for the 2ms TTI [4].

Switching TTI:

It is proposed to have the UE or Node-B initiate the TTI size (2ms or 10ms) change in order to maximize the sustained data rate while achieving a targeted PA IMD (or CM) level. When the current or predicted channel conditions cannot support a minimum required rate (e.g. 128kbps) for the 2ms TTI size then the TTI would be changed to help lower the PA IMD level and meet power requirements.  The IMD level can be determined directly by computing the CM/PAR or indirectly using LUTs that map IMD to channel configuration or based on set of rules (like those established in the Release 5 specification based on c/d breakpoints and hs values)

Alternatively, it is possible to simply base the TTI size change on the UE’s SHO state. However, this might be too conservative or not correctly handle all coverage limited (with no soft handoff) situations or network edge situations. In either case the RNC could make the final switching decision and signal the UE via layer 3.
The UE can initiate TTI size switching based on its own power (margin) measurements and current channel configuration (gain, branch, channelization code assignments) and estimated CM/PAR and signal the need for TTI size change to the RNC. UE initiation of TTI size switching is preferred. Note the switch would be from 2ms TTI with CDMed E-DPDCH and E-DPCCH to either (1) effective 10ms TTI (2ms E-DPCCH followed by 8ms E-DPDCH) [2, 3] or to (2) CDM with effective 10ms TTI (2ms TTI consecutively repeated 5 times) along with soft combining of the E-DPCCH (to reduce required power and hence improve PAR/CM) and the E-DPDCH.

The Node-B could initiate the E-DCH TTI size switch based on power margin feedback information, SHO state information, and estimated CM/PAR (based on inferred channel configuration from received E-TFCI) in order to control the UE power amplifier PAR/CM and achievable sustained rate. 
UE Method

Based on power measurements, E-TFCI history and estimated CM/PAR initiate TTI change via (L3) signaling

SHO Method

For only one active cell or only softer handoff: use 2ms TTI

If > one active cell and soft handoff: use 10ms TTI

Use reconfiguration (layer 3 messaging) to switch between 2ms and 10ms TTI 

Node-B Method

Based on power status feedback, received E-TFCI, and estimated CM/PAR initiate TTI change via (L3) signaling

Conclusions:

Switching E-DPCH TTI size between 2ms and 10ms for HSUPA is proposed to maximize sustained data rate coverage while meeting a targeted CM/PAR level.  Switching TTI size for HSUPA can be initiated by either the UE or the Node-B although UE based initiation is preferred. Switching can be based on UE power status, E-TFCI history, and estimated IMD for each configuration based on a CM/PAR computation or a priori CM/PAR to channel configuration mapping. Alternatively, the TTI could be switched based solely on SHO state although this might be too conservative or not correctly handle all coverage limited (with no soft handoff) situations or network edge situations.  Finally, even if initiated by the UE or Node-B, the RNC could make the final decision on switching a UE’s TTI size and signal the UE via layer 3 for such a change, thus keeping all active set Node-Bs synchronized. 
References

[1] R1-040955, “Uplink Control Signaling”, Ericsson, Prague Czech Republic, 3GPP WG1 #38 meeting

[2] R1-041004, “Uplink signaling for FDD enhanced uplink”, Nortel, Prague Czech Republic, 3GPP WG1#38 meeting.

[3] R1-041066, “Uplink control channel design  for Enhanced Uplink”, Motorola, Seoul Korea, 3GPP WG1 #38bis meeting

[4] R10-040895 “E-TFICH Performance with Synchronous HARQ”, Qualcomm,  Prague Czech Republic, 3GPP WG1 #38 meeting
	
	8
	16
	32
	64
	128
	256
	384

	AWGN
	7.36
	5.58
	4.58
	4.01
	3.60
	3.53
	3.87

	PA3
	7.53
	5.80
	4.78
	4.27
	3.87
	3.86
	4.27

	PB3
	8.34
	6.53
	5.60
	5.15
	4.80
	5.00
	5.53

	VA30
	9.47
	7.67
	6.88
	6.47
	6.23
	6.39
	6.95

	VA120
	10.12
	8.34
	7.39
	7.10
	6.83
	6.91
	7.56


Table 2 - Long-term 1% BLER Eb/Nt (DPDCH combined Eb/Nt), 2ms TTI, non-ideal chanest, 2 RX antennas, inner/outer-loop power control on, c = 15, 15, 11, 8, 6, 4, 3 for 8, 16, 32, 64, 128, 256, 384 kbps, d = 15.

	
	8
	16
	32
	64
	128
	256
	384

	AWGN
	4.28
	3.22
	2.87
	2.61
	2.44
	2.54
	2.90

	PA3
	4.56
	3.48
	3.13
	2.92
	2.76
	2.90
	3.31

	PB3
	5.69
	4.38
	4.07
	3.90
	3.76
	4.02
	4.61

	VA30
	6.10
	4.82
	4.54
	4.34
	4.22
	4.49
	5.10

	VA120
	6.47
	5.19
	4.91
	4.68
	4.53
	4.80
	5.43


Table 3 - Long-term 1% BLER Eb/Nt (DPDCH combined Eb/Nt), 10ms TTI, non-ideal chanest, 2 RX antennas, inner/outer-loop power control on, c = 15, 15, 11, 8, 6, 4, 3 for 8, 16, 32, 64, 128, 256, 384 kbps, d = 15.
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Figure 1 – R99 AWGN uplink performance with ideal channel estimation
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Figure 1 - Short Term FER curves, 64 kbps, non-ideal channel estimation
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Figure 2 - Short Term FER curves, 128 kbps, non-ideal channel estimation
ANNEX A – Coverage with HS-DPCCH, CM slope = 1/1.85
Table A4 - Data Rate Coverage at Cell Edge – Ec/Nt margin vs. TTI size with HS-DPCCH
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#Target Tx
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63403
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bps

Effective Data rate (all HARQ chan)

63403
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Ec/Nt margin for #TargetTx
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DPDCH Ec/Nt

-14.0

-117.8

-117.8

-117.5

-117.5

-118.6

-118.4

-118.2
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* note the E-DPCCH is soft combined for the 2ms TTI [4].

ANNEX B – Coverage with CM slope = 1/1.41

Tables B1 and B2 Data Coverage without/with HS-DPCCH
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Ec/Nt margin for #TargetTx

REF
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0.3
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0.1
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CM (inc margin if >1.3dB)

0

0.4
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0
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