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Introduction
During RAN1#57, a number of simulation results were presented examining the performance of 2msec TTI repetition & TTI extension, considering also the possibility of retransmissions. Concerns were raised that a pure repetition/extension scheme with no possibility for retransmission would not provide adequate coverage improvement in a low dispersion environment. This may not be so likely at the edge of a large cell, however nonetheless if retransmissions are allowed for then the range extension feature could also be made robust to this type of channel.
This paper thus discusses options for combining repetition/length extension and retransmissions and examines the coverage and latency performance of the proposals.

Baseline 10msec TTI performance
As discussed at RAN1#57, the 10msec TTI should be a baseline against which to compare performance of range extension proposals. Figures 1-2 indicate the coverage of the 10msec TTI with max 2 transmissions in the Pedestrian A and Vehicular A channels. Whilst the UE remains within coverage, the outer loop power control is able to maintain the BLER target. Once the UE becomes power restricted, the BLER target can no longer be maintained and the BLER rises.

The maximum latency that occurs is 60msec, which occurs when a VoIP PDU is queued for 10msec, and then 2 transmissions are required.
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Figure 1 10msec TTI baseline performance in the Pedestrian A channel
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Figure 2 10msec TTI baseline performance in the Vehicular A channel
For coverage extension, the UE must be able to switch easily between normal 2msec TTI operation, when it is not power limited and a longer transmission (achieved through repetition or TTI length extension) when it is power limited. To enable straightforward switching, the duration of the extended transmissions and the retransmission pattern should match to the 8 subframe pattern of the 2msec TTI. Three options for extending the transmission duration that fulfil this criterion are described below. 

We note that in the following description, the following terminology is used:

· Transmission duration  refers to a number of consecutive TTIs that are used for extending the transmission time when the UE is power limited, through repetition or TTI length extension
· Retransmission refers to subsequent transmissions of a PDU, which are made using a transmission of length transmission duration
· “Super” HARQ processes refer to the effective HARQ processes created by transmission/retransmission of longer duration than 2msec
Option 1: 4msec transmission duration, max 4 retransmissions
The first option for combination of longer transmission and repetition is to extend the transmission duration to 4msec. We assume that retransmissions are performed 16msec after the start of a preceding transmission, and that the ACK/NACK timing with respect to the start of the transmission is kept the same from the UE perspective. 
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Figure 3 4msec transmission time scheme
To target the performance of the 10msec TTI, up to 4 retransmissions are required. Figures 4-5 indicate the coverage performance in PA3 & VA30. In PA3 the same coverage as the 10msec TTI is achieved, whereas VA30 seems to achieve a little less than the 10msec TTI. Figures 6-7 indicate the latency cdf, which shows that 90-95 % of the PDUs show a latency of 60msec or less, with the maximum observed latency being <70msec.
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Figure 4 4msec transmission coverage performance in the Pedestrian A channel
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Figure 5 4msec transmission coverage performance in the Vehicular A channel
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Figure 6 Delay profile of 4msec transmission in PA3

Figure 7 Delay profile of 4msec transmission in VA30
Option 2: 8msec transmission duration, max 2 retransmissions

A second option is to consider an 8msec transmission duration. In this case, we assume that retransmissions occur 24msec following the start of a prior transmission. The ACK/NACK timing with respect to the start of a retransmission is kept the same from the UE perspective. The scheme thus allows for the possibility of extending the DL E-HICH transmission to 4msec, which could assist in reducing the downlink overhead for signalling. The HARQ RTT is increased, however the timing of the enhancement scheme remains aligned to the 8 HARQ process cycle of the 2msec TTI.
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Figure 8 8msec transmission time scheme

A maximum of 3 transmissions are allowed. However, in order to avoid congestion of the physical layer, the number of instances of 3 transmissions should be controlled. The link level simulation was thus run to target 10% BLER on the second transmission. Figures 9-10 indicate the coverage performance with such a target in PedA and VehA; the 10msec coverage is achieved in VehA and significantly exceeded in PedA. Figures 11-12 indicate the latency PDFs; 95% of the PDUs are delivered within 60msec.
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Figure 9 8msec transmission coverage performance in the Pedestrian A channel
[image: image10.emf]0.00

0.01

0.10

1.00

-154 -153 -152 -151 -150 -149 -148

pathloss [dB]

BLER

after 2nd tran.

after 3rd tran.


Figure 10 8msec transmission coverage performance in the Vehicular A channel
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Figure 11 Delay profile of 8msec transmission in PA3

Figure 12 Delay profile of 8msec transmission in VA30
Option 3: 16msec transmission duration, max 1 retransmission

The third option is to extend the transmission duration to 16msec. A maximum of 1 retransmission is allowed, which occurs 32msec after the start of the first transmission. The ACK/NACK timing with respect to the retransmission timing is kept the same as for the 2msec TTI from the UE perspective. This timing allows for an E-HICH duration of up to 4msec at the Node B, which could assist in reducing DL signalling overhead.
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Figure 13 16msec transmission time scheme
In order to avoid physical layer congestion, a low number of retransmissions must be targeted. The link level simulations were run with a target of 5% retransmissions. Figures 14-15 show the coverage performance with a 5% target; the coverage is the same as for the 10msec TTI. Figures 16-17 show the latency CDF. For the VeHA channel, >95% of the PDUs experience <60msec delay. In PedA, around 90% of the PDUs experience a delay <60msec, however the tail of the cdf is longer, with around 5% experiencing a latency of 80-100msec.
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Figure 14 16msec transmission coverage performance in the Pedestrian A channel
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Figure 15 16msec transmission coverage performance in the Vehicular A channel
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Figure 16 Delay profile of 16msec transmission in PA3  
Figure 17 Delay profile of 16msec transmission in VA3
Switching between normal 2msec TTI and coverage extension

The UE should be capable to switch between the 2msec TTI and coverage extension on a fast basis. The procedure for switching to coverage extension should be as follows:

1. Switching can only be performed at the start of an 8 HARQ process cycle

2. Prior to the start of a cycle, the UE checks it’s UPH and, if below a certain threshold switches to coverage extension

3. With 4msec TX duration, 4 “Super” HARQ processes are created; with 8msec duration 3 “super” HARQ process and with 16msec 2 (although this could be increased to 3). Ongoing HARQ processes are mapped to the “Super” HARQ processes

· There is, of course an issue if there are more ongoing HARQ processes than available “super” processes with coverage extension, and a procedure may need to be devised. The probability of >3 ongoing HARQ processes with VoIP is small.
4. The ongoing processes are then continued with coverage extension and extended transmission

For switching back from coverage extension to the normal 2msec TTI, once the UPH rises above a threshold and on an 16msec boundary, the ongoing “super” processes are mapped to the first few 2msec processes and then normal 2msec TTI transmission follows
It should be noted that the beta_ed gain factors applied during coverage extension should be set such that the DPCCH SIR required to meet the quality target does not change from the normal 2msec TTI, in order to avoid disruption to the outer loop power control.

Discussion
	Scheme
	Pedestrian A
	Vehicular A

	
	Coverage difference to 2msec TTI
	Coverage difference to 10msec TTI
	Coverage difference to 2msec TTI
	Coverage difference to 10msec TTI

	2*2msec subframes
	+3dB
	0dB
	+3.25dB
	-0.75dB

	4*2msec subframes
	+5dB
	+2dB
	+4dB
	0dB

	8*2msec subframes
	+3dB
	0dB
	+4dB
	0dB
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Simulation assumptions

	Parameter
	Value

	Transport block size
	320 bit

	E-DPCCH
	On, offset 0dB for 2msec TTI, scaled by 2/4/8 for longer transmissions, -4.77 for 10msecTTI

	Channel estimation
	Real

	Channels
	Pedestrian A, 3km/h

Vehicular A, 30km/h

	Power control
	Inner, outer loop on
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