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1 Introduction
HSPA has evolved into a viable alternative to DCH, even for conversational services, due to

· F-DPCH and Enhanced F-DPCH
· SRB on HS

· CPC

· Improved L2

· CS voice over HS

· HS cell change enhancements (WI recently started)
The purpose of this contribution is to discuss possible enhancements in order to provide an EUL coverage that approaches the DCH coverage even for 2 ms E-DCH TTI.

This is an update of R1-081517 where the section on “Improved power control at UE power limitation” has been clarified and some simulation results have been added.
2 Discussion
2.1 Analysis of current techniques
Rel-6/7 supports both 2 ms and 10 ms TTIs for E-DCH including switching from one TTI to another. The benefit of longer TTI is that it improves the received energy per information bit for power-limited UEs because the received energy is an increasing function of the transmission time ‎[1]. In general, improved received energy per information bit for power limited UEs can contribute to better coverage. Though switching to a longer TTI has this advantage, it has also the following disadvantages.
· Switching between TTIs should be always conservative. Therefore, there is a risk that many users end up staying on 10 ms TTI unnecessarily long time because they switch to 10 ms TTI earlier than is needed and switch back to 2 ms TTI later than is necessary. It would be desirable if users stay on 2 ms TTI as long as possible since 2 ms TTI has several performance advantages over 10 ms TTI, e.g. CPC gains (improved uplink capacity and battery savings), higher data rates and lower delays. 

· Switching from one TTI to another always takes some time and therefore undesirable data losses normally happen whenever the TTI is changed. It would be desirable to avoid this kind of switching since data losses degrade the user perceived communication quality when compared to solutions that do not involve reconfiguration of the TTI.
· The time that it takes to make a retransmission is directly proportional to the TTI. Hence, it is not obvious that 10 ms TTI should always outperform 2 ms TTI since the longer HARQ RTT (for 10 ms TTI) typically allows only one retransmission e.g. for voice services. 

· Switching to a longer TTI may have a negative impact on delay sensitive services since a longer TTI also implies longer delays.
· It may happen that the UE has several different type of services ongoing at the same. In that case, it would be useful to support only one TTI (i.e. 2 ms TTI)  and thereby avoid dealing with several bearer configurations.
It is therefore motivated to look for alternative solutions to TTI switching.
2.2 Proposed enhancements
This section lists a few potential alternative or complementary approaches for enhancing the EUL coverage, both for 2 and 10 ms E-DCH TTI.
1) Smaller transport block sizes

In this approach, the EUL coverage is increased by using smaller transport blocks, at least for coverage limited users. The main motivation for reducing the smallest transport block size is to increase the energy per information bit for power limited users. This approach has already been discussed in ‎[2] and ‎[3] without making any final conclusion on the benefits with this approach.
2) Autonomous retransmissions

In this approach, the EUL coverage is increased by decreasing the time between retransmission by letting the UE make a certain number of retransmissions without waiting for a NACK in between them. This allows the UE to transmit more retransmissions before the maximum packet delay is reached.

A similar technique called TTI bundling has recently been agreed to be introduced for LTE UL in order to improve uplink coverage ‎[4].

In LTE UL, a single transport block is coded and transmitted in a set of consecutive subframes, and the same HARQ process number is used in each of the bundled subframes. We think that the same approach could be used for HSUPA. In order to stay aligned with the existing number of HARQ processes, the possible number of autonomous retransmissions could be limited to {0, 1, 3, 7} for 2 ms TTI and {0, 1, 3} for 10 ms TTI, which results in a total transmission burst (including the first transmission) of {1, 2, 4, 8} TTIs in the 2 ms TTI case and {1, 2, 4} TTIs in the 10 ms TTI case.

Furthermore, in LTE UL, if the transmission burst is NACK’ed by the NodeB, the UE will transmit a retransmission burst of the same length as the first transmission burst. In order to keep the HARQ protocol as simple as possible, we think that the same approach could be used for EUL.

Finally, in LTE UL, the TTI bundling is to be switched on or off using higher layer signalling. However, due to the architectural differences between LTE UL and EUL, we think that a lower layer signalling such as HS-SCCH orders may be preferable for EUL in order to allow NodeB to have dynamic control over the number of autonomous retransmissions from each UE, possibly within some limits set by the RNC.

3) Improved power control at UE power limitation

When the Rel-6 physical channel power scaling at UE power limitation was designed ‎[5], time critical information such as voice was assumed to be transmitted over DPDCH, and E-DPDCH was seen as a best-effort packet data channel. In cases when voice is mapped to E-DPDCH, we think that the prioritization of the physical control channels (DPCCH, HS-DPCCH, E-DPCCH) over the data channel E-DPDCH may not be the best approach from an overall coverage point of view.

Currently, the E-DPDCH gain factor is scaled down to a specified minimum factor of ed,k,min = 8/15 at UE power limitation before the physical channels are scaled equally to meet the UE maximum transmission power. However, the configured E-DPDCH gain factor for transmitting SRB and voice is typically much larger than this minimum gain factor value, which in power limitation results in HARQ retransmissions and increased transmission delay before the data can be decoded correctly. 
In an attempt to avoid the increased delay for time critical information and potential packet loss, the outer-loop power control (OLPC) will typically attempt to trigger higher power usage at the UE by raising the SIR target. This is likely to further complicate the resource situation in power limited scenarios. For example, if the NodeB reports a high number of HARQ retransmissions for a certain user to the RNC, and the RNC responds by increasing the SIR target, this will only cause the UL control channels to grab an even larger share of the scarce UE power, thus decreasing the remaining amount of power available for E-DPDCH even further.

We see two possible approaches to help avoid this situation:

a) Keep the minimum E-DPDCH gain factor, ed,k,min, below which equal scaling of the physical channels is applied, but make it configurable by the RAN.
b) Introduce NodeB signalling to the RNC that the SIR target should not be increased in response to a high number of retransmissions for the user, i.e. a RAN3 solution – note that this approach has the potential to help the situation also for legacy UEs.
In order to investigate the impact of a configurable ed,k,min, a VoIP coverage simulation has been performed. A simple scenario is used, i.e. a single omni cell scenario. The UEs start close to the base station and then move out from the base station. Every second, the packet loss ratio is calculated and we can plot it as a function of the UE’s distance from base station. The parameters are given in Table 1.
Table 1: Simulation parameters for evaluation of equal scaling in case of UE power limitation
	Parameter
	Value/Comment

	Receiver
	RAKE2 with Incremental Redundancy

	Max UE power
	21 dBm

	Channel model
	3GPP TU

	UE speed
	10 m/s

	DPDCH channel
	No, only E-DCH

	Demodulator loss model
	Realistic

	Voice codec
	AMR12.2

	RoHC
	3 bytes overhead

	Transport block size
	355 bits

	βed
	42/15

	ed,k,min
	8/15 (fixed), 42/15 (configurable)

	c
	1

	OLPC
	On, based on # HARQ transmission attempts

	TTI length
	2 ms TTI

	Max # HARQ transmission attempts
	2, then the packet is considered lost

	VoIP activity
	100 %

	Number of UEs
	25


Figure 1 shows the VoIP packet loss ratio as a function of the UE’s distance from the base station. Note that when we calculate the packet loss ratio, we consider all UEs’ lost VoIP packets divided by all transmitted packets. Figure 1 clearly shows that using a configurable ed,k,min can increase the VoIP coverage, in this case by more than 70% in terms of area coverage.
The current power scaling with a fixed ed,k,min of 8/15 performs worse than the case with a configurable setting. With the current power scaling, the E-DPDCH gain factor may be downscaled to less than a fifth of the configured gain factor for voice (42/15 down to 8/15). This leads to a high probability of many re-transmissions, an increase of the DPCCH SIR target that further reduces the power headroom for data, and lost VoIP packets. With the configurable setting, the DPCCH is also downscaled and the originally configured E-DPDCH gain factor for voice is retained. Although this will lead to a lowering of the received DPCCH SIR at the base station, the benefit of leaving enough E-DPDCH power for voice is seen to be significant.
The case with SRB transmission has also been analysed and exhibits similar behaviour although the required gain factor is somewhat lower than for voice, typically 3-4 times today’s ed,k,min.
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Figure 1: VoIP packet loss ratio vs. UE distance from the base station. When for the cases with today’s fixed ed,k,min of 8/15 (“Current power scaling”) and the proposed configurable ed,k,min (“Equal power scaling”).
4) Reduced UL control channel overhead

At least for particular services like speech services, it might be possible to reduce the UL control channel overhead for HSPA from today’s all-purpose structure with three UL control channels (DPCCH, HS-DPCCH and E-DPCCH) to something lighter (DCH only has one, the DPCCH).

We see this as a rather unattractive solution since it seems to require that the lower layers pose constraints on the higher layers, and this approach probably requires significant modifications to the physical layer.
3 Conclusions
It is desired to use 2 ms TTI as much as possible.

· We wish to avoid switching and ensure that UEs stay on 2 ms TTI because 2 ms TTI gives e.g. shorter delays and better CPC gains.
There is some potential for improving EUL coverage especially for 2 ms TTI using for example one or more of the following approaches:
· Smaller transport block sizes

· Autonomous retransmissions 
· Improved power control at UE power limitation

· Reduced UL control channel overhead

We propose to discuss the approaches listed above and agree on which, if any, that are seen as suitable EUL coverage enhancements for Rel-8 or later.
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