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1
Introduction

During the 3GPP RAN Plenary #60 meeting it was agreed that RAN WG2 should evaluate the following S-UMTS time dilation solution items and provide feedback to RAN WG1 in the form of a text proposal for the RAN WG1 TR (i.e., TR 25.701):

· Impact on mobility (idle and connected state)

· Impact on SIBs acquisition

· Impact on signalling and user plane latency

· Impact on MAC, RLC and RRC performance, including impact on timers and procedures

This contribution evaluates the S-UMTS time dilation solution impact on MAC, RLC and RRC timers and provides insights on configuration and signalling options to avoid impacts on the performance of the related procedures. A corresponding text proposal for the S-UMTS Technical Report [1] is provided in [9].
2
Discussion
This contribution examines S-UMTS’s effects on timers used in MAC, RLC and RRC protocols and provides insights on configuration and signalling options to avoid impacts on the performance of the related procedures.  The analysis and mitigation solutions provided here generally apply to the timers in these protocols. For in-depth analysis of the performance of certain related functions and procedures in S-UMTS, such as UE searcher function, SIBs acquisition, mobility, etc. please refer to the contributions in the References.
2.1


Notion of Time in S-UMTS 
In S-UMTS, the notion of time can be classified in two categories: 1) Relative Time and 2) Absolute Time.  
· Relative Time applies when a timer or parameter in a particular protocol is to be interpreted by both the UTRAN and UE in its relative dilated value, according to the S-UMTS scaling factor N.  The notion of time in the Physical (PHY) and Medium Access Control (MAC) layers of the UMTS protocol stack can be classified as Relative Time as these layers’ concept of time is based on chip, slot, frame, subframe, TTI and these air interface dependent entities naturally dilate in duration according to scaling factor N in S-UMTS.  
· Absolute Time applies when a timer or parameter in a particular protocol is to be interpreted by both the UTRAN and UE in their absolute, face-value term.  The notion of time in the Radio Link Control (RLC), Radio Resource Control (RRC) and higher layers can be classified as Absolute Time as these layers have timing components that are largely dependent on fixed network entities that do not dilate in S-UMTS.  Some timers and parameters in these protocols may have one or more air interface components that do naturally dilate in S-UMTS, but the overall time to be applied by the UTRAN and the UE are still based on an absolute value.    
Figure 1 and Figure 2 show the boundary between Relative Time and Absolute Time for the Control Plane Protocols and the User Plane Protocols, respectively.  In both cases, the MAC and PHY layers are considered to have Relative Time, whereas the RLC, RRC and higher layers are considered to have Absolute Time.
The subsequent sections in this contribution will provide examples to illustrate Relative Time and Absolute Time for the MAC, RLC and RRC protocol layers with analysis on how timers and parameters can be configured and interpreted in S-UMTS so that there is no impact on the performance of the procedures in those protocols.  The table at the end of the paper provides a list of commonly used timers in those protocol layers.  
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Figure 1.  Notion of Time in Control Plane Protocols for S-UMTS.
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Figure 2.  Notion of Time in User Plane Protocols for S-UMTS.
2.2


Signalling Options for Timer Values in S-UMTS

There are several options for signalling the values of timers used in MAC, RLC and RRC procedures for Relative Time and Absolute Time cases.

2.2.1


Relative Time

The signalling can be either Explicit or Implicit as follows:
1) Explicit Signalling. S-UMTS RAN signals the dilated time value of N*T, and S-UMTS UE blindly applies N*T, where T is the time value in normal UMTS and N is the scaling factor in S-UMTS.  

2) Implicit Signalling. S-UMTS RAN signals time T, and S-UMTS UE needs to apply the scaling factor to obtain N*T. This option can be used to avoid any possible value or range expansion in ASN.1 coding, although not expected to be necessary for most timers, based on typical settings.   
2.2.2


Absolute Time
Only Explicit Signalling can be used with Absolute Time values, which are typically of two types:

1) Time T is the same value as in normal UMTS. S-UMTS RAN signals time T and the S-UMTS UE applies time T in the procedure.  
2) Time T is a different value from normal UMTS but not N*T as in Relative Time. S-UMTS RAN signals time T and the S-UMTS UE applies time T in the procedure. ASN.1 coding range for the timer may need to be expanded to accommodate for any values that are out of the current range. 
2.3


S-UMTS and Impact on MAC Procedures

Timers in the MAC protocol are of the Relative Time category. Timing in the MAC layer is based on slot, frame, sub-frame, TTI, etc. and therefore is naturally dilated by scaling factor N in S-UMTS.  As an example, consider the MAC-hs Reordering Release (T1) Timer used for stall avoidance of packet data flows. The T1 timer is started when a hole is detected. When the timer expires, all PDUs before the hole and all consecutive PDUs after the hole are delivered to RLC. If there is still a hole, then a new timer is started. For S-UMTS the T1 timer would be configured to N*T1. The longer T1 timer values used in S-UMTS do not add unnecessary delays as they are naturally scaled to the air interface delays in S-UMTS, and therefore there is no impact on the MAC-hs reordering mechanism in S-UMTS.  
	Scaling Factor N
	MAC-hs Reordering Release T1 Timer

	1
	100 ms

	2
	200 ms (scales with N)

	4
	400 ms (scales with N)


Table 1.  MAC-hs Reordering Release (T1) Timer in Normal UMTS and S-UMTS
Similar analysis applies to other timers used in MAC procedures, thus no impact on MAC procedures and functionalities is expected.
2.42


S-UMTS and Impact on RLC Procedures

The timers used in Radio Link Control (RLC) protocol are of the Absolute Time category. Consider the timers used in the RLC Acknowledged Mode (AM), which provides reliable data transmission by performing a retransmission function through an automatic repeat and request (ARQ) mechanism. One such timer is the Status Prohibit Timer that controls the frequency the receiver sends Status PDU’s to the sender.  It is typically configured as RTT+TTI ms in order for the receiver to send ACK PDU’s only once per RTT to avoid double transmission.  
Consider the Status Prohibit Timer for HSPA in S-UMTS. As illustrated in Figure 3, the RTT portion in the RLC protocol consists of two components: 1) RTT_OTA, the over-the-air transmission delay; and 2) RTT_Network which is the network transport delay over the Iub interface, between the NodeB and RNC. The RTT_OTA component is a function of TTI and can be considered as naturally dilated by the S-UMTS scaling factor N (N*RTT_OTA), but the RTT_Network remains fixed in S-UMTS as it is independent of the air interface.  
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Figure 3.  RTT in RLC Timers Consists of Over the Air and Network Components
The table below shows how the Status Prohibit Timer could be configured for normal UMTS and S-UMTS with N=2 for HSPA with TTI=2 ms. The longer Status Prohibit Timer for S-UMTS is in line with the naturally dilated TTI, and would not affect the operation of the RLC AM flow control mechanism. The bigger value still falls within the existing ASN.1 coding range for Status Prohibit Timer, which is from 10 to 1000 ms.  
	Scaling Factor N
	RTT=RTT_OTA+RTT_Network
	TTI
	Status Prohibit Timer

(RTT+TTI)

	1
	100 ms=60 ms + 40 ms
	2 ms
	102 ms

	2
	160 ms=120 ms+ 40 ms
	4 ms (=N*2 ms)
	164 ms


Table 2. Status Prohibit Timer for HSPA Data in Normal UMTS and S-UMTS

SRBs on DCH are required to have the same data rates in S-UMTS as in normal UMTS to maintain the same performance and perceived end-user quality. Examples are standalone 3.4 kbps SRBs, and 3.4 kbps SRB used in conjunction with 12.2 kbps AMR CS voice. RLC timers for these cases do not scale with S-UMTS factor N. Table 3 shows that the Status Prohibit Time would be configured to the same value for both normal UMTS and S-UMTS for these SRBs over DCH that use RLC AM Mode.
	Scaling Factor N
	RTT
	TTI
	Status Prohibit Timer

(RTT+TTI)

	1
	100 ms
	40 ms
	140 ms

	2
	100 ms (remains fixed)
	40 ms (remains fixed)
	140 ms


Table 3. Status Prohibit Timer for 3.4 kbps SRBs in Normal UMTS and S-UMTS

Similar analysis applies to other timers used in RLC procedures, thus no impact on RLC procedures and functionalities is expected. 
2.5


S-UMTS and Impact on Radio Resource Control (RRC) Procedures

The timers used in Radio Resource Control (RRC) protocol are of the Absolute Time category.  Some key examples are provided below to illustrate this point.

Cell Reselection Procedures.  In intra-frequency cell reselection procedure, the Treselection parameter is used to control the rate of cell reselection based on a ranking of a new cell to be at least Qhyst2s + Qoffset2n dB better than the camping cell for Treselection seconds.  The reselection criterion is effectively based on changing signal strengths (CPICH Ec/No or CPICH RSCP), which are independent of time dilation in S-UMTS.  Therefore, the same value typically configured for Treslection (e.g. 1000 ms) in normal UMTS can be applied in S-UMTS as well. The underlying UE searcher function must be taken into account to avoid any impacts on the performance of the cell reselection procedure. Detailed analysis of the UE searcher function performance and impacts on cell reselection procedure can be found in [15] and [13], respectively.  The same analysis regarding Absolute Time is also applicable to other cell reselection procedures:  inter-frequency, inter-RAT, and hierarchical cell structure (HCS).

	Scaling Factor N
	Treselection

	1
	1000 ms

	2
	1000 ms (remains same)


Table 4. Treslection Timer in Normal UMTS and S-UMTS
End-to-End Connection Procedures.  Timers such as T300 used by the UE for repeating the RRC Connection Request message can be considered as Absolute Time as well.  T300 timer is configured taking into account radio transmission delays, RF conditions and UE and network processing delays.  The first part is based on the air interface, and the latter part for the most part is the same in both S-UMTS and normal UMTS. The range of T300 is from 100 ms to 8 s, and in normal UMTS it is typically configured at 1.2 s.  For S-UMTS, T300 can be optimized by configuring it slightly higher than 1.2 s to accommodate for the naturally dilated time in PHY and MAC layers, such as access preambles, in the radio transmission portion but the dilated time will only increase the value of T300 in the order of milliseconds and the new value will still be within existing ASN.1 coding range.   

	Scaling Factor N
	T300 Timer

	1
	1200 ms

	2
	1400 ms  (slightly higher value for dilated time in PHY and MAC portions of radio transmission delay)


Table 5. T300 Timer in Normal UMTS and S-UMTS

Similar analysis regarding Absolute Time can be applied to other timers in RRC: inactivity timers, T300, T312, T313, T314, T315, etc.

2.6


Table of Timers
Table 6 shows some commonly used timers in MAC, RLC and RRC and general guidelines on how they could be configured for S-UMTS.  

	Timer  
	Value Range / 

Typical Value
	Comments on Configuration in S-UMTS 
	Applicable Procedure  

	MAC (Relative Time)
	
	
	

	T1 Reordering Release Timer


	[10..400 ms]  /  [100 ms]
	Scaled by N

Within Range for N=2, 4 with Explicit Signalling
	MAC-hs Reordering Queue Mechanism

	Discard Timer
	[20..7500 ms] / f[T1]
	Scaled by N

Within Range with Explicit Signalling
	MAC-hs Reordering Queue Mechanism

	E-DCH TTI
	[2, 10 ms] / [2 or 10 ms]
	Scaled by N

1) Implicit Signalling—Within Range

2) Explicit Signalling – Expanded Range 
	E-DCH Channel Parameters Configuration

	RLC (Absolute Time)
	
	
	

	Timer_Status_Prohibit 

(HSPA, TTI=2 ms)
	[10..1000 ms] / [102 ms]
	Slightly higher value than Normal UMTS / Within Range
	RLC Acknowledged Mode

	Timer_Status Prohibit 

(3.8 kbps SRB, TTI=40 ms)
	[10..1000 ms] / [140 ms]
	Same as Normal UMTS
	RLC Acknowledged Mode

	Timer_Poll  (SRB)

(HSPA, TTI=2 ms]
	[10..1000 ms] / [102 ms]
	Slightly higher value than Normal UMTS / Within Range
	RLC Acknowledged Mode

	Timer_Poll_Prohibit

(HSPA, TTI=2 ms]
	[10..1000 ms] / [50 ms]
	Slightly higher value than Normal UMTS / Within Range
	RLC Acknowledged Mode 

	Timer_RST

(HSPA, TTI=2 ms]
	[10..100 ms] / [104 ms]
	Slightly higher value than Normal UMTS / Within Range
	RLC Acknowledged Mode

	RRC (Absolute Time)
	
	
	

	Treselection
	[1..32 s]  /  [1 s]
	Same as Normal UMTS
	Cell Reselection Timer

	Treselection, FACH
	[1..32 s]  /  [1 s]
	Same as Normal UMTS
	Cell Reselection Timer

	Treselection, PCH
	[1..32 s]  /  [1 s]
	Same as Normal UMTS
	Cell Reselection Timer

	T300
	[100..8000 ms] / [1200 ms]
	Slightly > Normal UMTS, Within Range
	RRC Connection Setup

	T312
	[0..15 s] / [1 s]
	Slightly > Normal UMTS,

Within Range
	RRC Connection Setup

	T313
	[0..15 s] / [5 s]
	Slightly > Normal UMTS, Within Range
	Connected Mode Maintenance

	T314
	[0..20 s] / [12 s]
	Slightly > Normal UMTS, Within Range
	Connected Mode Maintenance

	T315
	[0..1800 s] / [180 s]
	Slightly > Normal UMTS, Within Range
	Connected Mode Maintenance


Table 6.  S-UMTS Configuration Guidelines for Some Commonly Used Timers in MAC, RLC and RRC Procedures
3
Conclusions

Based on the above considerations, it is proposed to agree to and capture the text proposal on the S-UMTS time dilation solution impact on AS timers and procedures as presented in [9] for inclusion in the Scalable UMTS FDD Bandwidth Technical Report..
4
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