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1. Introduction

In RAN1#67 meeting, 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 next RAN1#68 meeting:

· A common E-DCH resource pool can be used for R8 and R11 UE

· CDM and TDM operation should be possible simultaneously

· Same coverage should be possible to achieve

· The same coverage can be ensured with per-HARQ process grants as with Rel-8 operation

· CDM performance is not significantly affected in a mixed TDM + CDM scenario

· Simulations assumptions based on 25.823 TR

· Operation should possible with concurrent 2/10 ms TTIs
This contribution continues the discussion on these issues. The simulation about introducing time alignment in CELL_FACH and corresponding impacts are investigated, and also proposals are provided.
2. Discussion

2.1 The Impact of Time Alignment
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. The following is our analysis of the impact:

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 Rel-11 UE supporting TTI alignment. There would be the need to increase system configuration information to avoid the individual common E-DCH resource pool for TTI alignment. It would change the current F-DPCH configuration process. For example, configure F-DPCH slot format or new Soffset for the Rel-11 UE supporting TTI alignment.

Observation 1-1: The current CELL_FACH process may need to be modified if we were to introduce TTI alignment. 

Taking into account cell coverage, there is a higher probability of selection 10ms TTI for CELL_FACH UEs. On the other hand, when data is lower than 2Mbit/s, regardless of the TTI type, there is no significant difference about the cell capacity. Therefore, 10ms TTI is the most common case for CELL_FACH UEs, rather than 2ms. However, TTI alignment is not applicable to 10ms TTI.

Observation 1-2: 10ms TTI is common case for CELL_FACH UEs, but is not feasible for TTI alignment.
There is all-HARQ-process activation of one grant for Rel-8 CELL_FACH UEs. The implementation of TTI alignment needs the introduction of per-HARQ-process activation of grants for 2ms TTIs, and that multiple access users are granted at the same time on per HARQ process. The frequency of grants would per TTI increase, so the consumption of code resources would be higher than with the legacy operations. If the grants of several HARQ processes do not change, it might reduce the flexibility of grant scheduling and increase the complexity of grant scheduling. 
Observation 1-3: TTI alignment introduces higher consumption of code resources per TTI, and might increase the complexity of grant scheduling.
2.2 System-level Simulation Assumptions
The system level simulation assumptions are the same with 25.823 in Annex. Specific simulation assumptions are listed here. 
Table 1: Specific system level simulation assumptions
	Parameter
	Value

	Traffic model
	Full buffer + 20kbps burst
800kbps burst + 20kbps burst

	Load Control
	RoT based

	Power control
	ON

	HARQ
	ON

	Channel estimation
	Ideal

	Number of users
	Variable

	UE spatial distribution
	Uniform

	UE traffic pattern
	3GPP bursty traffic model

	Simulation time
	100 sec


The traffic model that pertains to the simulation of TDM between CELL_FACH UEs and CELL_DCH UEs is shown in Table 1. 
Table 2: Traffic Model
	Service rate
	Distribution
	Parameters
	PDF

	20kbps
	Truncated Lognormal
	Mean = 12.5 kbytes  
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	800kbps
	Truncated Lognormal
	Mean = 500 kbytes 
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	Reading time 
	Exponential 
	Mean = 5sec 
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In the simulation, two cases are considered: 
Case 1: coexistence of full buffer service and 20kbps burst service 
When TDM between CELL_FACH UEs and CELL_DCH UEs is enabled, 5 HARQ processes are assigned to 5 full buffer users and 3 HARQ processes are assigned to 45 burst service users.
Case 2: coexistence of 800kbps burst service and 20kbps 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.

To better investigate the performance of TDM of CELL_FACH UEs, CELL_DCH UEs are always assumed time aligned. It is referred as TDM+TDM if CELL_FACH UEs are time aligned. Otherwise, it is referred as TDM+CDM. The following measures are introduced:
· Throughput_total: 
The total throughput of the cell
· Throughput_BT_ave: 
[image: image4.wmf]______

_______

Throughput_BT_ave 

usernum

trafficvolumeoflowrateburstservice

totalservicetimeoflowrateburstservice

usernum

æö

ç÷

 

èø

=

å


usernum means the number of users that have ever transmitted low rate burst service; 
Total service time of low rate burst service means buffer time and transmission time of total data packets of low rate burst service for the user.
· Servicetime_BT_ave:

average service time of every data packet of low rate burst service, including buffer time and transmission time
· UE Transmission Rate:
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Note that buffer time is not considered when deriving this measure.
· Blocking Probability:


Blocking Probability = Blocked E-DCH resource requests / total E-DCH resource requests

· Blocked E-DCH resource requests: the UE sends preamble for random access without getting E-DCH resources.

· Total E-DCH resource requests: total number of access requests in the cell.
2.3 System-level Simulation Results and Observation
We first evaluate the performance of TDM+TDM and TDM+CDM in Table 3 and Table 4, and give the CDF of 20kbps users’ peak rate in Figure 1 and Figure 2. Then, Figures 3 illustrates the relation between blocking probability and the number of users.
Table 3: Simulation results for case 1
	
	Throughput_total (kpbs)
	Throughput_BT_ave (kbps)
	Servicetime_BT_ave
 (ms)

	TDM+TDM
	4639.8
	348.1336
	311.6

	TDM+CDM
	4174.2
	1244.3
	80.4
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Figure 1: CDF of 20kbps users’ transmission rate in case 1
Table 4: Simulation results for case 2
	
	Throughput_total (kpbs)
	Throughput_BT_ave (kbps)
	Servicetime_BT_ave 
(ms)

	TDM+TDM
	4871.2
	503.975
	210.1

	TDM+CDM
	4564.1
	1462.2
	67.5
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Figure 2: CDF of 20kbps users’ transmission rate in case 2
Table 3 presents simulation results for case 1 and Table 4 presents simulation results for case 2. We observe that TDM between CELL_FACH UEs and CELL_DCH UEs could improve the total throughput of the cell (11% in case 1 and 7% in case 2) in both the two cases. However, the average throughput of low rate burst service decreases seriously and additional 2~3 times average service time of every data packet of low rate burst service are introduced. It should be noted for low rate burst service, 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, additional 2~3 times service time of low rate burst service will be introduced using TDM.
Figure 1 and Figure 2 are the CDF of low rate burst service and it shows that transmission rate of low rate burst service can be improved obviously while there is less users in the cell e.g. case 2 when TDM is enabled. With the increasing of user number of the cell, there is no gain in the transmission rate of low rate burst service.
Based on the above observation 2-1, the service time will be extended for both Case 1 and Case 2. It can be observed that even in case of a small number of users, the increase of transmission rate can not justify the decrease of scheduling opportunity.  

Observation 2-2: For low rate burst service, the transmission rate using TDM is higher only in case of a small number of users, but the overall performance is negative because the increase of transmission rate can not justify the decrease of scheduling opportunity.
We show the relation between blocking probability and the number of users assuming different service time in Figure 3. 
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Figure 3: Blocking Probability, 16 signatures, 32 E-DCH resources 
During the simulation, we ignore the limitation of common E-DCH resources which means that every user can transmit data packets in one TTI if it has data packets for transmission. As in case 1, there are assumed that at most 15 users to transmit data packets. If there are less than 15 common E-DCH resources configured in the cell, some random access will be rejected and the service time of burst service will be extended. 
In Figure 3 , the number of users would drop about 43% when service time is extended from 50ms to 200ms in case of blocking probability = 1%. Therefore, on consideration of blocking probability of common E-DCH resource, the performance of TDM between CELL_FACH UEs and CELL_DCH UEs will decrease further.

Observation 2-3: The number of users is very sensitive to service time. Additional 2~3 times service time by TDM would significantly reduce the number of supported users in CELL_FACH.
From these observations, we could conclude the following:
· Increased service time: In Table 3 and Table 4, average service time of TDM are 2~3 times that of CDM. Since CELL_DCH UEs is insensitive to service time, TDM is less impact to CELL_DCH UEs. However, it is sensitive to service time for CELL_FACH UEs, due to CELL_FACH UEs would use the common resources for data transmission and the common resources are limited. Therefore, TDM would lead to a serious decline in performance of CELL_FACH UEs.
· 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 scheduling opportunity would be much lower than legacy UE.

It can be concluded that TDM is of bad use experience, especially to UEs of low data rate. There would be some performance gain from the view of cell throughput. However, TDM improve cell throughput at the cost of a serious decline in the performance of CELL_FACH UEs. An alternative approach, it could adjust the HARQ processes configuration for shortening service time of burst service in CELL-FACH state, the cell throughput of TDM would obviously decline and be same as that of CDM. Thus, it loses the main advantage of introducing TDM.
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, the NodeB supporting R11 UEs as a baseline would has the basic interference cancellation capability.
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 time alignment in CELL_FACH are investigated. It is showed that the TTI alignment gain is tradeoffs between total throughput of the cell and service time of burst service in CELL-FACH state, and the specification and implementation impact is not negligible, therefore it is proposed:

Proposal: TTI alignment is not introduced as further enhancement to CELL-FACH in Rel-11.
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Annex
Table 1 gives that simulation assumption from 25.823. 

Table 6.2.1-1 System level simulation assumptions

	Parameter
	Value

	Traffic model
	Full Buffer

	Load Control
	RoT based

	Power control
	ON

	HARQ
	ON

	Maximum number of transmissions
	4

	Spreading Factor
	16, 8, 4, 2

	Code Rate
	~0.33-0.4

	Scrambling code type
	Long

	Channel estimation
	Ideal

	Number of users
	Variable

	Channel Delay Profile
	PA

	Speed 
	3 kmph 


Table 6.2.1.1-1 - Simulation cases

	Simulation
	CF
	Scenario
	ISD
	PLoss

	
	(GHz)
	
	(meters)
	(dB)

	
	2.0
	Macro
	500
	20


Table 6.2.1.1-2 Macro-cell system simulation baseline parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	See Table 6.2.1.1-1

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers



	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	See Table 6.2.1.1-1

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	UE power class
	21dBm (125mW)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters 
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