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Introduction

This contribution proposes to support 2ms TTI in addition to 10 ms TTI (already agreed in the last meeting) due to improved latency, improved support of gaming services and improved sector throughput.  

I. Enhanced Uplink Transport Channel Structure Assumptions
The Enhanced Dedicated Channel (E-DCH) transport channel has been proposed [1]. It is proposed to support a 2ms E-DCH although there are coverage advantages to also supporting a 10ms E-DCH. It is assumed that only MAC layer multiplexing is used with regard to the E-DCH. 

II. Physical Channel Assumptions

It is assumed that either 2ms or 10ms E-DPDCHs are permitted but not both types simultaneously. The uplink E-DPDCH is used to carry the E-DCH transport channel. There may be zero, one, or several uplink E-DPDCHs on each radio link to support BPSK, QPSK or multiple QPSK streams. There is only one E-DPCCH per radio link.

The E-DPDCH relies on the transport format related information (TFRI) carried on the E-DPCCH for demodulation and decoding. The uplink E-DPCCH is a fixed rate uplink physical channel used to carry TFRI for the E-DPDCH [2].  

III. Coverage issues

In this section, it is shown by means of a simple example the need for 10 ms TTI to solve coverage issues.  As an example, a 40-byte TCP ACK is sent on the reverse link to support a downlink service using the TPC/IP protocol.  Then 320 bits (=40*8) needs to be sent along with a 16-bit RLC header, 24-bit CRC, 6-bit tail, and perhaps some other overhead such that at least 366 bits must be sent.  Therefore, the required data rate for 2ms and 10ms TTI is:

  2ms TTI:   183.0Kbps (=366/.002)     (Encoding Rate = 0.38123 for SF=8)

10ms TTI:     36.6Kbps (=366/.010)     (Encoding Rate ~ 0.33333 for SF=32)

Looking at Figure 1 below we see about 1.5dB Eb/Nt is required to achieve 0.5% BLER in an AWGN channel for the above data rates.  Therefore, we can compute the power increase required for 2ms TTI to achieve the same TCP ACK reliability as 10ms TTI as:

P2ms/P10ms = R2ms/R10ms, which in dB = 7dB.

To use the 10ms TTI power level for a 2ms TTI transmission and achieve the same reliability requires a soft combining benefit of almost 7dB.  For a single Chase re-transmission a 3dB benefit is expected along with a diversity benefit (<3dB).  Since the encoding rates are close to 1/3 there would be little IR benefit.  Therefore, 10ms looks to be better in power and delay given only one 2ms TTI re-transmission is allowed with N=6 Stop-&-Wait HARQ.  Two 2ms TTI re-transmissions allow less power but with significantly more delay compared to a single 10ms TTI transmission.
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IV. System Performance Results for 2 and 10ms TTI

The system performance results for Gaming traffic, Pedestrian B 3km/h (PB3) channel, and Rate Control scheduler are given below in Table 1. For the 2ms and 10ms TTI case there are transmission overlap and gaps since only slot time alignment is used. The 2ms or 10ms only cases have no transmission overlap and gaps since frame time alignment is used.  Even so, the 2 and 10ms case shows similar throughput as the 2ms case but with better outage and fairness.

Table 1 System & User Performance with different TTIs for Gaming (PB3)


[image: image2.emf]TTI Gaming

Cell User outage

(Kbps) (Kbps) (%) 50%-ile 90%-ile 98%-ile mean  stdev

2&10ms 943 169 15.2 6.4 7.9 8.9 6.6 1.4

2ms 943 170 17.2 6.4 7.8 8.9 6.5 1.4

10ms 914 163 16.8 6.7 8.7 10.8 6.8 2.6

Throughput

Rise Statistics - Center Site cells


Table 2 System and User Performance with different TTIs for Full Buffer (PB3)
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Cell User outage

(Kbps) (Kbps) (%) 50%-ile 90%-ile 98%-ile mean  stdev

2&10ms 1502 154 17.8 7.1 7.6 8.1 7.1 0.2

2ms 1511 155 23.3 6.9 7.6 7.9 7.1 0.2

10ms 1497 153 19.3 7.1 7.9 8.7 7.2 0.5

Throughput

Rise Statistics - Center Site cells


Table 3 System and User Performance with different TTIs for Gaming (VA30)
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Cell User outage

(Kbps) (Kbps) (%) 50%-ile 90%-ile 98%-ile mean  stdev

2&10ms 964 174 14.1 6.2 8.1 9.3 6.3 2.0

2ms 950 173 17.6 6.2 7.9 9.2 6.3 1.9

10ms 884 156 16.7 6.4 9.4 11.7 6.8 3.8

Throughput

Rise Statistics - Center Site cells


The primary reason for 2ms TTI is to reduce delay which is important for gaming applications and Voice over packet or voice over internet packet (VoIP) quality and performance.  Note that the gaming model defined in the enhanced uplink study item does not reflect typical gaming traffic such as that seen for internet action games where low delay drives user satisfaction.  Note that from [5]:
“Interactive gaming is extremely delay-sensitive. It is well known that users of interactive voice or video applications (such as Internet telephony or video-conferencing) require roundtrip delays of less than about 300 ms [G114]. However, very few individuals using telephony can tell the difference between 50 ms and 150 ms of roundtrip delay. Game players have found that the difference between 50 ms and 150 ms of delay can determine who wins or loses a game.”
There is also a throughput advantage of 2ms TTI over 10ms TTI which is more significant at higher speeds as indicated in Table 3.

 

V. Conclusion:

From the above discussion, the following conclusions are drawn:

a. The sector throughput using only 2ms TTI is superior to that of only using 10ms TTI.

b. Combination of 10ms and 2ms TTI yields the same performance as 2ms TTI

c. 10ms TTI E-DPDCH should be supported with 2ms E-DPDCH to coverage issues as shown in Section III.

d. It is recommended to support both 2ms and 10 ms TTI using dynamic frame switching between 2ms and 10 ms TTI.  The switching can be based on L1/L2 signaling.
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ANNEX A: Simulation Assumptions

Simulation assumptions are given in [3] with some shown here for convenience or to account for differences. Note for rates above 1.28Mbps, QPSK SF=2 is now used instead of 8PSK SF=4.

Table 4  System Simulation Assumptions

	Parameter
	Configuration

	Layout
	19 Node-B, 3-cell wrap-around layout

Site to site distance = 2800 m

	Channel model
	Vehicular A 30km/h, Pedestrian B, 3km/h

	Traffic model
	Full buffer or Gaming

	Node-B Receiver
	Rake (2 antennas per cell)

8 fingers per UE (finger assignment as in Table A-6 in [1])

	#UE per cell
	10

	UE timing
	Frame (2ms or 10ms)  or Slot Time (2ms with 10ms) aligned

	Duration
	300 s + 10 s warm-up per Monte Carlo drop (20 drops)

	HARQ
	Max # of transmissions = 4 (Chase/IR combining)

10ms TTI: N = # of HARQ processes = 3,  Re-transmission delay = 30 ms

2ms TTI: N=5, Re-transmission delay = 10ms

Ack/Nack errors = 0%

	Scheduling Type
	E-DCH: (Node-B) Rate + Persistence

CDM users transmit autonomously while the maximum data rate and hence the rise over thermal level is controlled by Node-B using a slow and fast persistence parameters signaled by the Node-B.

	Scheduling delays
	DCH

E-DCH

Time+rate

Period

200 ms

10 ms

Uplink SI delay

Uniform 60-100 ms

10 slots

DL Grant delay

Uniform 60-100 ms

1 slot

RLC delay

200ms

200ms



	Power control
	Outer loop driven by ZTB 1.6Kbps 10ms TTI and DPDCH services

Inner loop error rate = 4%, delay = 1slot, step size=1dB

PA size: 21dBm, 

TFC power measurement error: 2dB stdev

TFC power measurement delay: 3 slots

	DCH
	TFCS = 8,16,32,64,128,256,384, 640, 768, 960, 1152, 1440Kbps

Minimum set: DCCH (c,d)=(15,4), ZTB (c,d)=(15,9), SID (c,d)=(15,7)
Reference link level data as presented in R1-040017, 227.

	E-DCH
	TFCS = TFS = MCS as shown in Table 9.6.2.2

Minimum set: DCCH, ZTB, SID (if speech+data)

E-TFC selection:

Similar to R99 TFC selection. UE MAC decides upon the E-DCH TFC in SUPPORTED_STATE and EXCESS_POWER_STATE every radio frame. The parameters {x, y, z} are set to {15, 30, 30} as in Rel‑99.

Reference link level data as presented in R1-040017, 227

	E-DPCCH
	TFC indicated with TFRI TDMed on E-DPDCH for 10ms TTI

TFC indicated with CDMed  20Kbps TFRI channel for 2ms TTI

	SHO
	When in SHO E-TFS is restricted based on UE SHO state

	Channel Estimation
	BW=625Hz, non-ideal & modeled in system simulation (see [3,4])

	Vehicular Penetration/Body Loss
	6 dB (see link budget Annex B R1-040017)
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		TTI		Throughput				Gaming		Rise Statistics - Center Site cells

				Cell		User		outage

				(Kbps)		(Kbps)		(%)		50%-ile		90%-ile		98%-ile		mean		stdev

		2&10ms		964		174		14.1		6.2		8.1		9.3		6.3		2.0
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		TTI		Throughput				Full Buff		Rise Statistics - Center Site cells

				Cell		User		outage

				(Kbps)		(Kbps)		(%)		50%-ile		90%-ile		98%-ile		mean		stdev

		2&10ms		1502		154		17.8		7.1		7.6		8.1		7.1		0.2

		2ms		1511		155		23.3		6.9		7.6		7.9		7.1		0.2

		10ms		1497		153		19.3		7.1		7.9		8.7		7.2		0.5
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				Cell		User		outage

				(Kbps)		(Kbps)		(%)		50%-ile		90%-ile		98%-ile		mean		stdev

		2&10ms		943		169		15.2		6.4		7.9		8.9		6.6		1.4

		2ms		943		170		17.2		6.4		7.8		8.9		6.5		1.4
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