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1
Introduction
In this contribution, we present simulation results for the cell edge and further analysis as a complement to our recent contributions and our discussion paper in [4]. We find that in order to further improve 2ms TTI coverage, it is preferred to support the 2ms/10ms switching and MAC segmentation scheme.
2
Simulation Results
In the sequel we study the performance for a typical VoIP payload. We considered the following schemes ([2]) in the simulations:
· Scheme 1: 2ms TTI, TBS = 120, T/P=5.10dB (Target Number of H-ARQ Transmissions =4)
· Scheme 2: 2ms TTI, TBS = 120, T/P=5.10dB (Target Number of H-ARQ Transmissions =3)
· Scheme 3: 10ms TTI, TBS = 317, T/P=4.08dB
· Scheme 4: 2ms TTI, TBS = 307, T/P=8.07dB, Use of repetition with N=4 TTI (Target Number of H-ARQ Transmissions =2)
· Scheme 5: 2ms TTI, TBS = 307, T/P=8.07dB, Use of repetition with N=2 TTI (Target Number of H-ARQ Transmissions =4)
The link level simulation assumptions are listed in Table 1. The residual BLER vs Receive Ec/No are plotted in Figures 1-2 
Table 1: Simulation Assumptions

	Parameter
	Value

	TTI
	2ms or 10ms

	Number of H-ARQ Processes
	8 for 2ms TTI 

4 for 10ms TTI

	Target Number of H-ARQ Transmissions
	4 or 3 for 2ms TTI 

2 for 10ms TTI
2 for 2ms TTI repetition (4 TTI)
4 for 2ms TTI repetition (2 TTI)

	Channel Model
	PA3, TU3, VA30

	Inner Loop Power Control
	Off 

	Outer Loop Power Control
	Off
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Figure 1: Residual BLER vs Receive Ec/No: PA3 Channel
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Figure 2: Residual BLER vs Receive Ec/No: TU3 Channel
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Figure 3: Residual BLER vs Receive Ec/No: VA30 Channel 
From simulations, we observe:
· Looking at an operation point of 1% BLER we find the required receive Ec/No in [dB] as follows:
Table 1: Receive Ec/No [dB] for 1% BLER
	
	PA3
	TU3
	VA30

	Scheme 1
	-16.8 dB
	-16.9 dB
	-19.1 dB

	Scheme 2
	-15.5 dB
	-16.0 dB
	-17.7 dB

	Scheme 3
	-16.2 dB
	-17.3 dB
	-19.0 dB

	Scheme 4
	-13.6 dB
	-15.1 dB
	-18.0 dB

	Scheme 5
	-15.2 dB
	-15.5 dB
	-18.3 dB


· There is about 1 dB worse performance for scheme 5 than scheme 1 and scheme 3 on PA3 and VA30 channel. 
· Scheme 1 has a similar performance as the scheme 3 on VA30 channel, and there is a 1dB worse performance for scheme 3 than scheme 1 on PA3 channel.  
· There is about 1 dB worse performance for scheme 2 than scheme 3 on PA3 and VA30 channel.
· There is about 1 dB better performance for scheme 5 than scheme 4 on PA3 and VA30 channel.
· Scheme 5 has a similar performance as the scheme 2 on PA3 channel, and there is a 1dB worse performance for scheme 2 than scheme 5 on VA30 channel.
When taking the 1% BLER point for scheme 1 on PA3 channel as an example, we observe there is only one transmission in 66% of the cases, two transmissions in 24%, three transmissions in 6%, and four transmissions in only 4% of the cases. So we can assume that the average transfer delay is within 50 ms.  

Proposal 1   There is not an evident benefit in adopting a 2ms TTI repetition with autonomous HARQ scheme.
3     Delay Analysis
The HARQ processes for the TTI repetition schemes evaluated in [4], i.e. 4 TTI repetitions with maximal 2 transmissions and 2 TTI repetitions with maximal 4 transmissions, are plotted in figure 4. We assume the data packets arrive at an interval of every 20 ms.
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Figure 4: HARQ process of TTI repetition with HARQ

We can see the HARQ delay of scheme 4 is 12*2 ms=24 ms, and the HARQ delay of scheme 5 is 6*2 ms=12 ms, thus the HARQ delay of TTI repetition with HARQ requires a modification of the protocol. Furthermore, the delay of scheme 5 is reduced by 2 ms compared with the legacy protocol, which would result in the reduction of processing time of receiver, especially in the case of interference cancellation.
Proposal 2    The scheme of two TTI repetitions with 4 HARQ transmissions requires a new ACK timing relationship and would result in a 2msec reduction in processing time.
4
Analysis of combined BLER for MAC segmentation
As was concluded in recent contributions, when the 0.01 BLER was calculated by the three segmentations as a packet unit, the new calculated 0.01 BLER would be increased compared with the legacy 0.01 BLER. 
This argument is true in in static conditions, as in figure 5. Here, the operating point of legacy 0.01 BLER is -20.8dB, and the new calculated BLER at this operating point is 0.025, which is about 0.03 BLER as predicted in theory. In this case, the actual statistical performance of MAC segmentation would be deteriorated and the outer loop power control would not work at the legacy 0.01 BLER point as well.
[image: image5.png]Residual BLER

0001

—— MAC_seg_Tx=3 —=— MAC_packet_Tx=3

<22

21
RXECVSNO(dB)

-20





Figure 5:  BLER calculated as a Packet BLER in static channel
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Figure 6:  BLER calculated as a Packet BLER in PA3 channel
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Figure 7:  BLER calculated as a Packet BLER in VA30 channel

In the more realistic case of a time varying channel, e.g. PA3 or VA30 as seen in figure 6 and figure 7, the new calculated BLER at the legacy 0.01 BLER operating point is about 0.015 and the deterioration is thus marginal. 
Due to the fact that the fading amplitude in a mobile channel is not normal distribution but Rayleigh distribution, the distribution of BLER is not uniform distribution, it’s more like continuous burst errors, then the statistical BLER of each segment is similar with that of three segments as a packet unit, and the BLER deterioration stays marginal.

Proposal 3    The BLER of combined packets is similar with that of segments in mobile channels, thus the error between these two statistical BLERs stay marginal.
5
Conclusion
In this contribution, we studied the UE performance with received demodulation power. AMR 12.2kbps full rate packet is used as a payload for study. We compared the performance of the 2ms TTI with 4 TTIs repetition, 10ms TTI, and the 2ms TTI with MAC segmentation. 
Based on the simulation results, the scheme of 10ms TTI and 2ms TTI with MAC segmentation can achieve a better coverage performance than the scheme of 2ms TTI repetition with HARQ. 
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