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1. Introduction

At RAN1#68, TTI alignment between CELL_FACH UEs and CELL_DCH UEs was discussed[1][2]. The following conclusions were reached:

Address the following points till the RAN1#68bis meeting:

· System performance gain

· Agree on scenario to be evaluated R1-120852, “Simulation assumption for CELL_FACH TDM evaluation”

· No loss in system and UE throughput

· Adapt to traffic changes

· E-AGCH resource consumption

· Impact to legacy CDM UE (RoT stability)

· The need to reserve pool of signature/resource to identify UE that can do TTI alignment

This contribution continues the discussion on these issues. Updated simulation results for introducing time alignment in CELL_FACH are provided and the corresponding impacts are again investigated..
2. Discussion

2.1 The Impact of Time Alignment
At the last meeting, several impacts of the introduction of time alignment for cell FACH UEs were already analysed in [1]. In particular it was pointed out that. 

· The current CELL_FACH configuration process may need to be modified if we were to introduce TTI alignment.
· 10ms TTI is a common case for CELL_FACH UEs, but is not feasible for TTI alignment.
We note that the resource conflict is not resolved according to the time alignment scheme proposed by the proponent in [2]. We recall the proposed scheme below:
If the UE is not configured with per-HARQ-process activation of grants in CELL_FACH state then

(F-DPCH = [(5120 * AICH access slot # with the AI) + 10240 + 256 * Soffset] mod 38400

(a-m = 10240 + 256 * Soffset + (0 chips, where

Soffset = a symbol offset, configured by higher layers, {0,…,9}.

(0 = 1024 chips defining the DL to UL frame timing difference.

If the UE is configured with per-HARQ-process activation of grants in CELL_FACH state then 

(F-DPCH = [(5120 * AICH access slot # with the AI) + 10240 + 256 * (Soffset+TA) mod 38400
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Where Sodd is 1 if the UE used an odd signature sequence and 0 otherwise, TA {0,…,29} is a cell specific parameter configured by higher layers, and Preamblesucc denotes access slot in which the pre-amble for which the UE has received an AICH response was transmitted.
We note that the NodeB only assigns the resources of the F-DPCH by different Soffset. Now, according to the TDM scheme, TDM capable UEs get the (F-DPCH by Soffset and TA, and legacy UEs get the (F-DPCH by Soffset. Then, the following problem will occur:

· When the allocation of 

[image: image2.wmf](

)

(

)

offsetTAoffset

TDM capable UElegacy UE

S+

τ

 = S

or 
[image: image3.wmf](

)

(

)

offsetTAoffset

TDM capable UElegacy UE

S+

τ

 = S10*

n

 + 

, 
the (F-DPCH of TDM capable UEs coincides with that of legacy UEs. However, in this case the Soffset are probably different, leading to a resource conflict. 

· If specific allocation rules for TDM capable UE and legacy UE are introduced for avoiding this problem, it would result an individual common E-DCH resource pool. The drawback of individual common E-DCH resource pool as follows:
· Blocking. The common E-DCH resource pool should be smaller, since the pool would be apart for TDM capable UEs and legacy UE. Hence, the blocking probability would increase and it would result in poor user experience.
· Low utilization. The efficiency of resource would be significantly reduced. It would lead to lower cell throughput.
2.2 System-level Simulation Assumptions
The system level simulation assumptions are according to [3]. The traffic model that pertains to the simulation of TDM between CELL_FACH UEs and CELL_DCH UEs is shown in Table 1. 

Table 1: Traffic Model
	Service rate
	Parameters
	PDF

	CELL_FACH

	Mean = [25] kbytes  
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	CELL_DCH

	Mean = [500] kbytes 
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In the simulation, coexistence of high rate burst service and low rate burst service: 

When TDM between CELL_FACH UEs and CELL_DCH UEs is enabled, 6 HARQ processes are assigned to 10 high rate burst service users and 2 HARQ processed are assigned to 20 low rate burst service users.

It is referred as TDM if CELL_FACH UEs and CELL_DCH UEs are time aligned, and CELL_DCH UEs are time aligned. It is referred as CDM when only CELL_DCH UEs are time aligned. 
The following measures are introduced:
· The service time is defined time duration between the time instances when the file is arrived until the entire file has been transmitted.

2.3 System-level Simulation Results and Observation
We first evaluate the performance of TDM and CDM in Table 2, and then give the CDF of low rate users’ throughput peak distribution in Figure 1. 
Table 2: Simulation results
	
	Throughput_total
(kpbs)
	Throughput_CELL-FACH_ave
(kbps)
	Servicetime_CELL-FACH_ave

(ms)

	TDM
	4903.7
	600.8681
	339.4

	CDM
	4660.0
	1684.7
	117.4
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Figure 1: CDF of low rate users’ throughput peak distribution
In Table 2, we observe that TDM between CELL_FACH UEs and CELL_DCH UEs could improve by 5.2% the total throughput of the cell, , and Figure 1 shows that the peak rate of low rate burst services can be improved obviously.

However, at the same time the average throughput of low rate burst services decreases seriously and the average service time is almost tripled. It should be noted that for low rate burst services, the service time is the most important measure since it directly impacts user experience and E-DCH resource consumption.

Observation 2-1: For low rate burst service, the average service time will be almost 3 times longer by introducing TTI alignment.
We recall that in Figure 3 of [1], we have already shown the relation between blocking probability and the number of users assuming different service times. Here the conclusion is that considering the blocking probability of common E-DCH resources, the performance of TDM between CELL_FACH UEs and CELL_DCH UEs will decrease further.

Observation 2-2: The number of users highly depends on the service time. The service time when introducing TTI alignment, would significantly reduce the number of supported users in the CELL_FACH state.

From these observations, we could conclude the following:
· Increased service time: In Table 2, the average service time of TDM is almost 3 times that of CDM. Since CELL_DCH UEs are practically insensitive to service time, TDM has less impact to CELL_DCH UEs. However, it greatly impacts the service time for CELL_FACH UEs, because CELL_FACH UEs uses the common resources for data transmission and the common resources are limited. 
Therefore, TDM would lead to a serious reduction in performance of CELL_FACH UEs.
It can be concluded that TTI alignment leads to a degradation user experience, especially to UEs with low data rate.
One may argue that there is some (but limited) performance gain in terms of cell throughput. However, TTI alignment improves the cell throughput at the cost of a serious decline in the performance of CELL_FACH UEs. 
As an alternative approach, one could adjust the HARQ processes configuration to shorten service time of burst services in the CELL-FACH state, but in this case the cell throughput of TDM would accordingly decline and actually goes back to the performance of CDM. Overall one would lose the main advantage of introducing TDM with an additional scheduling complexity.
On the other hand, CELL_FACH UEs without TTI alignment can enjoy high scheduling efficiency thanks to the full availability of all HARQ processes. 

In addition one should note that the interference cancellation could improve the performance of receiver and cell throughput, so the NodeBs supporting R11 UEs as a baseline generally have the capability to cancel the interference of high data rate UEs.
According to the analysis and simulation results, it is proposed that:
Proposal: TTI alignment is not introduced as further enhancement to CELL-FACH in Rel-11.
3. Conclusion
In this contribution, the motivation and impacts of a possible introduction of TTI alignment in CELL_FACH are investigated. 
It is showed that the TTI alignment gain is a trade-off between the total throughput of the cell and service time of burst services in CELL-FACH state.

In particular we note that by introducing TTI alignment for CELL-FACH UEs, we may achieve a limited gain in the overall cell throughput. However at the same we would increase the average service time of CELL_FACH UEs by almost 3 times, leading to a severe performance degradation of low rate burst services.  
Taking into account the fact that the specification and implementation impact is not negligible, it is proposed:

Proposal: TTI alignment is not introduced as further enhancement to CELL-FACH in Rel-11.
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