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Discussion
1. Introduction

At the last RAN1 meeting, time alignment of E-DCH TTIs between CELL_FACH UEs and CELL_DCH UEs was discussed[1][2]. It comes to the following agreements:
· Introduce support for time alignment between E-DCH TTIs in CELL_FACH by allowing that the TTIs are aligned with a 3-slot subframe structure (rather than the 2-slot PRACH access slots) is FFS

· Evaluations until the next meeting should focus on:

· How to achieve the seamless transitions

· Quantifying the gains that can be achieved from time alignment

This contribution continues the discussion on this issue. The motivation of introducing time alignment in CELL_FACH and corresponding impacts on specification are investigated, and also proposals are provided.
2. Discussion
2.1 Impact on Specification
Time alignment of E-DCH TTIs between CELL_FACH UEs and CELL_DCH UEs was proposed in [2] to enable TDM-like operation for E-DCH scheduling. In the following we analyze the impact on specification of TTI alignment.
The message part transmission begins at 4 slots (10240 chips) after the last preamble plus an additional symbol offset. The symbol offset serves the purpose to distribute the timings according to the 10 different symbol positions within an F-DPCH slot. In order to achieve time alignment between E-DCH TTIs from different UEs, the current fixed 4 slots delay will be replaced with a variable delay, and symbol offset will be removed. New timing relations should be defined for the UE supporting TTI alignment in R11. The specification modification is relatively large, and the back compatibility can not be maintained. Node B should be notified whether a UE supports TTI alignment feature. This can be done by splitting signature set to reserve some signatures for random access of the UE supporting TTI alignment. In release 11, several enhanced features UE supports may need to be distinguished by Node B through preamble signature, such as 2ms/10ms TTI selection. The collision probability will increase with the reduced number of available signatures for each enhancement feature. 
Observation 1: An individual signature set should be reserved for random access of the UE supporting TTI alignment. The collision probability will increase with the reduced number of available signatures for each enhanced feature.
In order to achieve TTI alignment, the symbol offset need to be removed, and 10 different F-DPCH slot formats are used to distribute the timings. The current common E-DCH resource configuration is not compatible for the R11 UE supporting TTI alignment. So a new individual common E-DCH resource pool needs to be configured for the R11 UE supporting TTI alignment. The separated resource pools will decrease the efficiency of resource assignment. 
Observation 2: A separate common E-DCH resource pool may need to be configured for the R11 UE supporting TTI alignment. The separated resource pools will decrease the efficiency of resource assignment. 
As indicated in [2], TTI alignment is achieved by introducing extra delay for F-DPCH for CELL_FACH UEs. 
Observation 3: The τF-DPCH needs to be redefined for each R11 UE supporting TTI alignment. 
Summary: TTI alignment largely impacts the current specification.

2.2 Performance Analysis for CELL_FACH UEs
Typically traffic in CELL_FACH state is of low data rate and short duration. For high data rate and long duration traffic, the UE will transfer to CELL_DCH state for more efficient transmission. 
Interference cancellation at NodeB is widely used in current networks. Even if TDM is utilized to control interference, basic IC receiver capable is assumed to better exploit the performance gain of TTI alignment. When it comes to Rel-11, more enhanced IC receivers can be assumed, e.g. interference cancellation on preamble is expected in the feature of initial access time reduction. It is reasonable to assume that the baseline is the NodeB supporting R11 UEs has the basic interference cancellation capability.
In the following, the performance of TTI alignment is analyzed in several aspects.
2.2.1  No high data rate traffic in CELL_DCH state
From the study on synchronized E-DCH in release 8[3], the TDM gain is obtained mainly by time multiplexing high data rate users. Time multiplexing medium and low data rate users can not bring much performance gain. As in the simulation result in Table 1 [3], there is no performance gain between Rel7+IC and TDM +IC, in the case of low data rate traffic. Note that the traffic model in Table 1 is 336 kbps, i.e. a case of low data rate.
Table 1: Throughput for Rel7 and TDM with and without own cell interference cancellation (IC).
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Rel7 Rel7+IC TDM+IC

loc,own cell

lsc,other cells

F` 1.7 1.7 1.7

IC eff.(own cell) 70% 70%

synch offset

synch factor ys

orth factor yo

tot orth factor y 1 0.1

bit rate(kbps) 336 358

coding rate 0.33 0.75

Ec/N0(per ant) dB -10.5 -8.5

CELL TP(kbps) 1989 3292 3226.3


Note: Table 1 is obtained based on the simulation results listed in Table 6.2.4.1-1 and Table 6.2.4.3-1 in [3]
In addition, since low data rate traffic is common in CELL_FACH state, the control channel will consume much higher part of power and resources relative to the data channel, compared to CELL_DCH state. As we know, control channel can not be aligned, which further results in inefficiency for TDM in CELL_FACH state. 
Observation 4: The TTI alignment is inefficient in performance for CELL_FACH UEs when there is no high data rate traffic in CELL_DCH state. 
2.2.2  High data rate traffic in CELL_DCH state
· In the case that there is high data rate traffic in CELL_DCH state, TTI alignment will result in longer online time and transmission time than legacy CELL_FACH UEs, mainly from the following aspects:
· Extra access delay： It could introduce extra access delay by introducing TTI alignment. In order to achieve TTI alignment timing, the TTIs for some of the access attempts need to be delayed for 1-3 slots [2].
· Lower scheduling opportunity:
It can not support continuous scheduling of CELL_FACH UEs in time by TTI alignment. In the case of coexistence of high data rate UEs in CELL_DCH and low data rate UEs in CELL_FACH, the low data rate UEs will occupy a limited number of HARQ processes, which is typically up to two out of eight HARQ processes in practical network, i.e. only 25% scheduling opportunity. In consideration of greatly reduced available HARQ processes for TTI aligned CELL_FACH UEs, the transmission time would be longer than legacy UE.
· Conservative scheduling: The motivation of TTI alignment is to avoid interference between the high data rate users, and therefore improve data rate for reduced transmission time. However, network initially schedules a relatively small TBS in consideration of a safe scheduling. Considering SI is not very frequently reported, the NodeB can not be aware of the status of UE buffer status in a timely manner, which translate into a mismatch between UE buffer status and NodeB scheduling grants, and further results in longer transmission time. 
It can be concluded that TDM is of low scheduling efficiency, especially to UEs of low data rate. There would be some performance gain from the view of cell throughput. However, it is not efficient from the view of CELL_FACH UEs. The reduced interference may not compensate for extra access delay, lower scheduling opportunity and conservative scheduling.
On the other hand, CELL_FACH UEs without TTI alignment can enjoy high scheduling efficiency due that all the HARQ processes are available, and also the gain of interference cancellation of high data rate UEs, since as mentioned above, the NodeB supporting R11 UEs as a baseline has the basic interference cancellation capability.
Observation 5: The TTI alignment is inefficient in reduction of transmission time for CELL_FACH UEs when there is high data rate traffic in CELL_DCH state.
2.2.3 Other aspects
ROT stability: To exploit the gain of TTI alignment, high data rate UEs and low data rate UEs should be assigned to different TTIs. However, it is critically important to maintain a stable ROT level considering the interference to neighbour cells. However, it is a big challenge to ensure ROT stability between the TTIs used for high data rate UEs and the TTIs used for low data rate UEs.. 
Usage scenarios: Taking into account of cell coverage, there is a higher probability of using 10ms TTI for CELL_FACH UEs. On the other hand, when data rate is lower than 2Mbit/s, regardless of the TTI type, there is no significant difference about the cell capacity. Therefore, 10 ms TTI is a common case for CELL_FACH UEs. However, 10ms TTI is not feasible for TTI alignment.
Resource consumption: TDM operation is implemented via E-AGCH, ,i.e. E-AGCH is always transmitted in the TTI when the UE is not scheduled. In this way more resource for E-AGCH is required than legacy operation. Therefore, TTI alignment consumes extremely OVSF resources.
Observation 6: TTI alignment is inefficient in ROT stability, usage scenarios and resource consumption for the CELL_FACH UEs.
In summary, 
· TTI alignment greatly impacts the current specification. 
· TTI alignment is inefficient in performance, reduction of transmission time, ROT stability, usage scenarios and resource consumption. 
Therefore, TTI alignment in CELL-FACH state is not preferred for the uplink enhancement in CELL-FACH. 
Proposal: TTI alignment is not introduced for the further enhancements to CELL-FACH in Rel-11.  
3. Conclusion
In this contribution, the motivation and impacts on specification when introducing time alignment in CELL_FACH are investigated. It is considered that the TTI alignment gain is limited in CELL-FACH state. The specification needs more modification with the introduction of time alignment in CELL_FACH. It is proposed:
Proposal: TTI alignment is not introduced for the further enhancements to CELL-FACH in Rel-11.
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