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1. Introduction

A study item on Scalable UMTS was started in RAN#58 [1]. At RAN#61, it was approved in [2] that 85% of the SI is completed with a list of open issues to be addressed in RAN1 as:
	· System level evaluation using bursty traffic

· Evaluation of the user plane latency and its implications to user experience

· Evaluation of the impacts of time-dilated UMTS to UE performance (e.g. battery life CPC, CELL_FACH impacts)

· Evaluation of the impacts of time-dilated UMTS on network performance and optimization

· Coverage analysis for voice (with 50msec latency) and data (with equal data rates) 

· Review TP on link level simulation results

· Capture system level simulation assumptions in the TR



This contribution provides analysis about the impact on network performance 
2. Discussion
2.1. Impact on physical layer procedures
The time dilated UMTS utilized dilated time units, e.g. chip, slot, TTI, and frame, so that all time-related physical layer parameters in time-dilated UMTS are scaled accordingly (i.e., dilated N times relative to UMTS), and also time consumption of physical procedures are scaled accordingly, such as synchronisation, power control, random access, HARQ transmission (HS-DSCH-related and E-DCH-related procedures) and etc. 
The impact of longer time duration on synchronisation procedure is that the time consumption will be dilated. For cell search, it is assumed that the SCH codes will not be changed and hence the time duration of cell search operation will be time-dilated accordingly. For synchronization parameters, such as synchronization window length 40ms and 160ms are better to be dilated for time-dilated UMTS, e.g. 240 slots instead of 160ms, and 60 slots instead 40ms. The impact due to the increase of window length in time domain would have limited impact on network performance since in legacy CPC operation 240slots synchronization window length is used resulting in an increase of window length in time domain. In addition, considering the usage of post-verification (as mentioned in Synchronisation procedure A in TS25.214), the increase of initial Synchronisation time due to time dilated UMTS could be further reduced, i.e. 10ms for N=2 and 30ms for N=4.. 
The impact of longer time duration on ILPC (Inner Loop Power Control) is acceptable, which can be observed from the evaluation on voice and data service. The reduced ILPC frequency due to time dilated UMTS is expected to have small impact on low and high speed UE since the power control frequency tends to be sufficient for low speed UE and the power control target is to track relative long term fading for high speed UE, and is expected to have larger impact on moderate speed UE, which may be improved by optimizing the power control step size for time-dilated UMTS.
The impact of longer time duration on random access is that the time consumption will be dilated, which is captured in Section 7.1.1.4 inTR25.701.
The impact of longer time duration on HARQ-RTT is also acceptable, which can be observed from the evaluation on voice and data service. It has negligible impact on non-real time traffic, but has small impact on real-time traffic such as voice over HSPA. For HSDPA, UE needs to feedback CQI, which is calculated based on a 3-slot reference before the TTI where CQI is transmitted, and the CQI reference length will be time-dilated by N times in time-dilated UMTS system, which also has acceptable impact on performance observed from the evaluation results. Note that, the CQI reference length can be further optimized by implementation, e.g. setting to other values such as 1 slot.

2.2. Impact on higher layers timers
Longer time duration of sub-frame and frame has impact on the MAC timers such as T2, Backoff timer TBO1, AG_Timer, and Non_Serving_RG_Timer, which are set according to the length of TTI. These timers are expected to be dilated by N times for time-dilated Scalable UMTS.
For RLC layer timers, since most of them have many variable configurations and the typical values even if time-dilated will also be covered in the current configuration sets, it is not necessary to modify the value sets of RLC timers.

For RRC layer timers, since they are set to a large time granularity (in hundreds of millisecond, second, or minute), these values are sufficient enough even for time-dilated UMTS. Hence it is not necessary to modify the value sets of RRL timers.
The details on timer are attached in the Appendix.
3. Conclusion
Longer time duration of TTI has impact on both physical layers and higher layers. For physical layer, the impact of performance is acceptable according to evaluations. For higher layers, the MAC layer timers need modification but RLC and RRC do not need modification since the current value set is worked even for time-dilated UMTS.  
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5. Appendix
5.1. MAC timer

T2: T2 ensures that two successive persistency tests are separated by at least one 10 ms time interval in PRACH procedure in UMTS. These values are double in scalable UMTS N=2, and fourfold in scalable UMTS N=4

Backoff timer TBO1: is set to an integer number NBO1 of 10 ms time intervals in PRACH procedure in UMTS. The timer should be 20ms*NB01 in scalable UMTS N=2, and 40ms*NB01 in scalable UMTS N=4

AG_Timer: This timer is set to one HARQ RTT (40ms in the case of 10ms TTI, 16ms in the case of 2ms TTI) in UMTS. These values are double in scalable UMTS N=2, and fourfold in scalable UMTS N=4.
Non_Serving_RG_Timer: This timer is set to one HARQ RTT (40ms in the case of 10ms TTI, 16ms in the case of 2ms TTI) in UMTS. These values are double in scalable UMTS N=2, and fourfold in scalable UMTS N=4.

Table 1 provides the time value of MAC layer in UMTS, scalable UMTS N = 2, 4.

Re-ordering release timer (T1): The timer controls the stall avoidance in the UE/NodeB reordering buffer. The value is configured by RRC layers. The value depends on the size of the reordering buffer. The bigger the buffer is, the longer the timer is. The typical value of the timer is 60ms.
Table 1: MAC layer timer
	Timer name
	The value in UMTS(ms)
	The value in Scalable UMTS N=2 (ms)
	The value in Scalable UMTSN=4(ms)

	T2
	10
	20
	40

	Tb01
	Nb01*10
	Nb01*20
	Nb01*40

	AG_timer
	40/16
	80/32
	160/64

	Non_serving_RG_timer
	40/16
	80/32
	160/64

	T1
	Integer(10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160, 200, 300, 400)
	10 is Removed
	10,20,30 is Removed


T2 timer and Tb01 timer are used in PRACH procedure. The values of the timers become longer in scalable UMTS than UMTS, resulting that PRACH latency is increased. For Scalable UMTS N=2, the increase in latency relative to UMTS for the Random Access procedure is 17.9%. For Scalable UMTS N=4, the number is around 63.4% [2][3].

AG_timer and Non_serving_RG_timer will impact the user date latency. The result of the user date additional latency is about 3-15ms in Scalable UMTS N=2, and additional latency is about 9-45ms in Scalable UMTS N=4 [4][5][6].

T1 timer does not impact the latency in scalable UMTS, because the typical value in UMTS is 60ms that the same value should be used in scalable UMTS N = 2, 4.

5.2. RLC timer

Timer_poll_prohibit: It is used to prohibit transmission of polls within a certain period. When Timer_Poll_Prohibit is not configured by upper layers, polling is never prohibited.

Timer_poll: In the UE this timer shall be started (or restarted) when the successful or unsuccessful transmission of a poll is indicated by lower layer. In UTRAN it should be started when a poll is submitted to lower layer. The timer should be stopped when received positive or negative acknowledgements.

Timer_Poll_Periodic.This timer shall only be used when "timer based polling" is configured by upper layers. The timer shall be started when the RLC entity is created. When the timer expires, the RLC entity shall restart the timer or trigger a poll:

Timer_MRW：
This timer is used to trigger the retransmission of a status report containing an MRW SUFI field.
Timer_discard: This timer shall be used when timer-based SDU discard is configured by upper layers. In the transmitter, a new timer is started upon reception of an SDU from upper layer.

Timer_Status_Prohibit: This timer shall only be used when configured by upper layers. It is meant to prohibit the Receiver from sending consecutive acknowledgement status reports.

Timer_Status_Periodic: 
This timer shall only be used when timer based status reporting is configured by upper layers.

Timer_RST:
This timer is meant to handle the loss of a RESET PDU by the peer entity, or the loss of a RESET ACK PDU from the peer entity.
Timer_Reordering: This timer shall only be used when so configured by upper layers. There is only one Timer_Reordering running at a given time. While it is running, any positive or negative acknowledgment is prohibited.
Timer_OSD:This timer is used with UM out of sequence SDU delivery. If Timer_OSD expires: remove from storage all stored PDUs.

Timer_DAR: This timer is used with the UM duplicate avoidance and reordering function. It is used to trigger the transfer of PDUs to the next in sequence UM RLC receiver function.
Table 1 RLC layer timer.

	Timer name
	The value in UMTS

(ms)
	The value in scalable UMTS N=2 (ms)
	The value in scalable UMTS N=4 (ms)

	Timer_poll_prohibit
	Integer(10..550 by step of 10, 600..1000 by step of 50)
Typical :200/disable
	Typical :200/disable
	Typical :200/disable

	Timer_poll
	Integer(10..550 by step of 10, 600..1000 by step of 50)
Typical :600/1000/disable
	Typical :600/1000/disable
	Typical :600/1000/disable

	Timer_poll_periodic
	Integer(100,200, 300, 400, 500, 750, 1000, 2000)
Typical :500/2000/disable
	Typical :500/2000/disable
	Typical :500/2000/disable

	>Timer based explicit
	
	
	

	>>Timer_MRW
	Integer(50,60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 300, 400, 500, 700, 900)
Typical :500
	Typical :500
	Typical :500

	>>Timer_discard
	Integer(100, 250, 500, 750, 1000, 1250, 1500, 1750, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 7500)
Typical :500/1000
	Typical :500/1000
	Typical :500/1000

	>Timer based no explicit
	
	
	

	>>Timer_discard
	Integer(10,20,30,40,50,60,70,80,90,100)
Typical :100/disable
	Typical :100/disable
	Typical :100/disable

	>>Timer_MRW
	Integer(50, 60, 70, 80, 90, 100, 120, 140, 160, 180, 200, 300, 400, 500, 700, 900)
Typical :500/disable
	Typical :500/disable
	Typical :500/disable

	Timer_Status_Prohibit
	Integer(10..550 by step of 10, 550..1000 by step of 50)
Typical :500/disable
	Typical :500/disable
	Typical :500/disable

	Timer_STATUS_periodic
	Integer(100,200, 300, 400, 500, 750, 1000, 2000)
Typical :200/400/disable
	Typical :200/400/disable
	Typical :200/400/disable

	Timer_Reordering
	Integer(50,100,150,200,400,600,800,1000)
Typical :disable
	Typical :disable
	Typical :disable

	Timer_OSD
	Integer (40, 80, 120, 160, 240, 320, 480, 640, 960, 1280, 1920, 2560, 3840, 5120)
Typical : 2560
	Typical : 2560
	Typical : 2560

	Timer_DAR
	Integer(40, 80, 120, 160, 240, 320, 480, 640, 960, 1280, 1920, 2560, 3840, 5120)
Typical :5120
	Typical : 5120
	Typical : 5120

	Timer_RST
	nteger(50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 700, 800, 900, 1000)
Typical :500
	Typical :500
	Typical :500


The timers of RLC layer are used with typical values being hundreds or thousands milliseconds in normal UMTS, so those typical values could be not changed in time dilated UMTS N=2,N=4. Thus the performance is expected to be not impacted.

5.3. RRC timer
Table 3 provides the RRC layer timers parameters and other parameters and default configurations.
Table 3 RRC layer timer
	Timer name
	The value in UMTS


	The value in scalable UMTS N=2 


	The value in scalable UMTSN=4



	T300
	Integer(100, 200... 2000 by step of 200, 3000, 4000, 6000, 8000) ms

Default value is 1000.
	No change
	No change

	T301
	Integer(100, 200 .. 2000 by step of 200, 3000, 4000, 6000, 8000)ms

Default value is 2000.
	No change
	No change

	T302
	Integer(100, 200... 2000 by step of 200, 3000, 4000, 6000, 8000)ms

Default value is 4000.

	No change
	No change

	T304
	Integer(100, 200, 400, 1000, 2000)ms

Default value is 2000.
	No change
	No change

	T305
	Integer(5, 10, 30, 60, 120, 360, 720, infinity) minutes

Default value is 30.
	No change
	No change

	T307
	Integer(5, 10, 15, 20, 30, 40, 50)s

Default value is 30.
	No change
	No change

	T308
	Integer(40, 80, 160, 320)ms

Default value is 160.
	No change
	No change

	T309
	Integer(1…8)s

Default value is 5.
	No change
	No change

	T310
	Integer(40 .. 320 by step of 40) ms

Default value is 160.
	No change
	No change

	T311
	Integer(250 .. 2000 by step of 250) ms

Default value is 2000.
	No change
	No change

	T312
	Integer (0..15) s

Default value is 1.
	No change
	No change

	T313
	Integer (0..15) s

Default value is 3.
	No change
	No change

	T314
	Integer(0, 2, 4, 6, 8, 12, 16, 20)s

Default value is 12.
	No change
	No change

	T315
	Integer (0,10, 30, 60, 180, 600, 1200, 1800)s

Default value is 180.
	No change
	No change

	T316
	Integer(0, 10, 20, 30, 40, 50, infinity)s

Default value is 30.
	No change
	No change

	T317
	Default value is infinity
	No change
	No change

	T323
	Enumerated (0, 5, 10, 20, 30, 60, 90, 120) s

Default value is 60
	No change
	No change


RRC layer timers are used in RRC signaling procedure. All of them are long in time, i.e. in the order of hundreds of milliseconds or thousands of milliseconds, even minutes in normal UMTS. This value of the timers should be not changed to maintain the same performance between normal UMTS and time dilated UMST.
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