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1
Introduction
Recently, EUL coverage improvement at UE power limitation was studied and proposed in [1]-[8]. Various schemes to increase the UE coverage ranges are proposed therein. Fast switching to 10ms TTI, automatic repetition of 2ms TTI, smaller transport block sizes are the popular design options. It was shown in [8] that fast switching to 10ms TTI can tolerate significantly higher path loss compared with the 2ms TTI. If the UE still uses 2ms TTI, automatic repetition of the 2ms TTI can offer additional power gain to help the power limited UE. All these schemes require a significant change to assist the transition for normal 2ms TTI operation. 
A flexible alternative is to transmit small blocks via the MAC segmentation capability that was introduced in Release 8 as part of the Improved L2 Uplink WI. The large payload can be divided into smaller transport blocks, which requires lower transmit power at the UE. At the NodeB, the smaller blocks are assembled to the original payload. The related operations are well defined in current specifications [9],[10]. In addition, we note that improvements on power control such as configurable equal power scaling and pilot set point adjustment were also introduced in HSPA TEI8[4]-[7] to help improve EUL coverage In this contribution, we study the link performance of UE at power limitation due to the Release 8 enhancements namely, MAC segmentation, equal power scaling at UE max transmit power and freezing of the SIR target. The maximum transmission power limit is used to characterize the coverage gain. We compare the performance of 10ms TTI and 2ms TTI with MAC segmentation.

2
Simulation Results
We consider the application of CS voice over HS. Two payload sizes are sent over E-DCH channel:

· 264 bits for AMR 12.2 kbps full rate

· 64 bits for SID 

The AMR full rate packet can be carried either by TBS=307 for 2ms TTI or TBS=317 for 10ms TTI. In case of MAC segmentation for 2ms TTI [1], if the full rate packet is divided into 3 segments, the minimum TBS that can hold the segment with 24-bit MAC layer header is 120. We considered the following three schemes in the simulation:
· Scheme 1: 2ms TTI, TBS = 307, T/P=8.07dB, target BLER = 1%

· Scheme 2: 2ms TTI, TBS = 120, T/P=5.10dB, target BLER = 1%

· Scheme 3: 10ms TTI, TBS = 317, T/P=4.08dB, target BLER = 1%

The scheme 1 is considered as the baseline to be improved. In these schemes, the T/P settings are optimized jointly across the full rate and SID packets. The link level simulation assumptions are listed in Table 1. In the simulation, the UE max transmit power is limited. Once the UE reaches the limit, the powers of all channels are equally scaled down. The outer loop power control is on and driven by the target BLER. The residual BLER vs Max Transmit Power are plotted in Figures 1-4. 
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 for 2ms TTI 
2 for 10ms TTI

	Number of Rx Antennas
	2

	Channel Estimation
	Realistic

	Channel Model
	PA3, PB3

	Receiver Type
	Rake Receiver

	Inner Loop Power Control
	On with max transmit power limit

Equal scaling for all channels

	Outer Loop Power Control
	On

Driven by target BLER
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Figure 1: BLER vs Max Transmit Power: PA3 Channel
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Figure 2: BLER vs Max Transmit Power: PA3 Channel [Zoom Plot]
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Figure 3: BLER vs Max Transmit Power: PB3 Channel
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Figure 4: BLER v/s Max Transmit Power: PB3 Channel [Zoom Plot]
We study the probability of UE at max transmit power in scheme 1. The probabilities with set points controlled by OLPC are plotted in Figure 5. Furthermore, we can improve the UE performance at the power headroom limit by freezing the OLPC set point. In practice, this can be done by monitoring the average number of transmission. When observing high number of retransmissions, the NodeB can signal RNC not increase the set point. The probabilities with OLPC off are plotted in Figure 6, where the set points are fixed to the average SINR achieving target BLER.
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Figure 5: Probabilities of UE at max transmit power: OLPC on, TBS=307, 2ms TTI
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Figure 6: Probabilities of UE at max transmit power: OLPC off, TBS=307, 2ms TTI
If the UE switches to MAC segmentation when it reaches its power headroom limit, then the probability represents the portion the MAC segmentation in the full rate packets. Assuming 3 MAC segments for full rate packet, the average BLER of full rate packet can be upper bounded by

Pe≤3%*Pr{UE at max tx power}+1%*(1-Pr{UE at max tx power})

From simulations, we observe:
· As we decrease the max transmit power limit, the residual BLER starts to diverge from the target BLER at some threshold. The threshold corresponds to the maximum path loss the UE can tolerate. For the three schemes, the thresholds are:
Table 1: Maximum Transmit Power/No [dB]
	
	PA3
	PB3

	Scheme 1
	-11 dB
	-14 dB

	Scheme 2
	-14dB
	-16 dB

	Scheme 3
	-14dB
	-16 dB


· Among the schemes we consider, scheme 3 can tolerate the smallest max transmit power limit. In general, it has 2~3dB gain over the baseline scheme.

· Scheme 2 has similar performance as the scheme 3 on PA3 and PB3 channels. 
· For the baseline scheme 1 with set point controlled by OLPC, the probability of UE at the max transmit power quickly increase as the max transmit power decreases. The probabilities at threshold of the scheme 3 are: PA3, 89%; PB3, 92%. These translate to the upper bounds of average BLERs for scheme 3 with MAC segmentation: PA3, 2.78%; PB3, 2.84%.

· For the baseline scheme 1 with fixed set point, the probability of UE at the max transmit power gradually increases as the max transmit power decreases. The probabilities at threshold of the scheme 3 are: PA3, 18%; PB3, 44%. These translate to the upper bounds of average BLERs for scheme 3 with MAC segmentation: PA3, 1.36%; PB3, 1.88%.
3
Conclusion
In this contribution, we studied the UE performance with max transmit power limit. AMR 12.2kbps full rate packet is used as a payload for study. We compared the performance of the baseline 2ms TTI, 10ms TTI, and the 2ms TTI with MAC segmentation. Based on the study performed here, the performance of 2ms TTI due to the Release 8 EUL coverage enhancements (MAC segmentation, Improved EUL power control when the UE is power limited, based on configuring βed,k,reduced,min [4] and occasional SIR set-point freezing when UE is power limited [5]-[7]) is very similar to 10ms TTI. Hence we conclude that further optimization such as repetition of 2ms TTI or autonomous switching to 10ms TTI may not be necessary, if the Release 8 EUL coverage enhancements are implemented.
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