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1
Introduction

This document proposes a method to decrease delay from Radio Bear Setup to Radio Bear Setup Complete. It focuses on Activation Time in Radio Bear Setup message.
2
Discussion

In this document we review the previous report and current procedure, and introduce our suggestion to optimize the delay from Radio Bear Setup to Radio Bear Setup Complete.
2.1 Previous report
The contribution [1] analyzes that the transmission time of reconfiguration message and emphasizes that the transmission time is important, and cannot be negligible. It was pointed out in the contribution that:
Most of the reconfigurations from CELL_DCH to CELL_DCH need to have an activation time in order to be successful. UTRAN has to set the activation time to a value that is in the future to guarantee that the reconfiguration message is received before the CFN equals the value of the activation time with a reasonable probability.  If the message is received too late the procedure will fail, and in some cases (reconfiguration of compressed mode patterns) there will be a radio link failure.

The contribution [2] shows the relationship between probability and retransmission times. The Example Calculation 2 shows that the probability of no retransmission (3 TBs with one TB per TTI, BLER = 5%) is 85.73%. It is deduced that if we only set a minimum activation time to achieve a short call setup delay, the probability that RB Setup message can not be received correctly before Activation Time by UE would be 14.27%( 1 - 85.73%).

Yet if we set the activation time to a longer value, it will cause the delay as it shows in Figure 1 in contribution [3], because UE and NodeB are just waiting for the expiry of the activation time in order that the procedure is successful. 
2.2 Current procedure and related difficulties

In this section we review the current related procedure and summarize the difficulties in optimizing Activation Time Offset.
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Figure 1:  current procedure

 Activation Time offset is an internal parameter which is determined by UTRAN, UTRAN may use this parameter to set the IE: Activation Time in RB Setup message:


 Current CFN (When delivering RB Setup message to RLC layer by UTRAN) + Activation Time Offset = Activation Time(CFN) in RB Setup message.

In this case UTRAN sends RB Setup message to UE, but UE does not receive it correctly before activation time. When Activation time arrives, potential call setup failure happened. If Activation Time Offset is set longer, potential call setup failure may be avoided but extra time delay occurs.
The difficulty in optimizing Activation Time offset can be summarized as follows:

Activation Time offset can not be set to a minimum value since potential risk to cause failure in Radio Bear Setup procedure. On the other hand if the Activation Time offset is set to a longer reasonable value, extra call setup time is introduced since UE may receive RB Setup before Activation Time and wait the Activation Time to arrive in no retransmission condition.
2.3 New Procedure

A method of optimizing the Activation Time is proposed as follows:
1） IE: New Activation Time is introduced in RB Setup message besides the old IE: Activation Time: one is for the first activation; the other is for the second activation.
2） IE: Tue-applied-limit is introduced in RB Setup message, a limitation for UE to apply the first activation time.
3） The scheme used by UE and UTRAN is described as following cases:
a) Using the first and second activation time: discussed in case1 and case2
b) How to optimize potential power interference: discussed in case3
Case1: The first Activation Time is applied by UE and UTRAN
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Figure 2:   First Activation Time is applied by UE and UTRAN
Tue-applied-limit is defined as time of UE to commit the new configuration after UE received RB Setup message. Only UE receive all PDUs of RB Setup message and make sure it can send RB Setup RLC ACK successfully before T(First Activation time – Tue-applied-limit ), can UE commit its new configuration at first activation time. 
Trnc-applied-limit is defined as an internal processing time of RNC to commit RNC and NodeB’s new configuration after RNC received RB Setup RLC ACK. 
RB Setup RLC ACK in this figure is the RLC status report from UE to indicate to RNC whether UE has received all PDUs of RB Setup message.
In this case, the first Activation time is applied by UTRAN and UE. 
UE receives RB Setup message  and send RLC status report to indicate to RNC that UE has received all PDUs of RB Setup message before the point B, so UE applied new configuration at First Activation time. UTRAN receives RB Setup RLC ACK before the point A, so UTRAN applied new configuration at First Activation time.
Case2: Second Activation Time is applied by UE and UTRAN
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Figure 3:   Second Activation Time is applied by UE and UTRAN
In this case, the second Activation time is applied by UTRAN and UE. 
UE does not receive RB Setup message before First Activation time, but receives  RB Setup message and send RB RLC ACK successfully before the point B, so UE applies new configuration at Second Activation time. 
UTRAN does not receive RB Setup RLC ACK before First Activation time,
, UTRAN will applie new configuration at Second Activation time . 
Case3: Configuration Difference 
[image: image4]
Figure 4:   Configuration Difference 
To optimize potential power interference during configuration difference, a new allocation scheme is introduced. In this case the configuration difference between UTRAN and UE happened between First Activation Time and Second Activation Time as it shows in yellow part in figure 4.

The scheme introduced in this case is not mandatory for UTRAN because out of synchronization procedure described in reference [4] have assured that the potential out of synchronization risk will have little power interference impact on system .UE and UTRAN have a mature mechanism to handle them correctly. 
UTRAN allocates a new uplink scrambling code in RB Setup message which is different from the scrambling code used in RRC Setup message. UTRAN allocates a new downlink channelisation code in RB Setup message. It belongs to the different downlink channelization code tree according to the downlink channelisation code used in RRC Setup message.
The procedure is described as follows:
1. UTRAN sends RB Setup message to UE
2. UE receives all PDUs before the first Activation time and applies the new configuration at First Activation time.
3. UTRAN keeps the old configuration if it does not receive RB Setup RLC ACK correctly before First Activation time.
4. Since UTRAN did not apply new configuration and UE did after first Activation time, out of synchronization may happen. 

5. UTRAN applies new configuration at Second Activation time whether UTRAN receives RB Setup RLC ACK correctly or not. Synchronization recovers in UE and UTRAN. UE sends RB Setup RLC ACK and RB Setup Complete message to UTRAN. 
Since UTRAN has allocated different uplink scrambling code and downlink channelization code, at initial phase UE can not decode pilot bit in DPCCH from UTRAN correctly and at the same time UTRAN can not decode pilot bit in DPCCH from UE correctly. Later UE will shut off its transmission for the sake of the out of downlink synchronization. Since no power control after configuration difference between UTRAN and UE, so no potential power interference generated by UTRAN or UE. 
Configuration difference does not affect the reception of RB Setup message by UE, because configuration difference happens only after UE has received all PDUs of the RB Setup message.
2.4 Benefit
Here we cite a common case to show the time saving:
By setting the first activation time offset to the minimum value of no retransmission case, the time saving would be approximately 2 * retransmission time to 3 * retransmission time, time saving in call setup case of no retransmission is showed as follows:
	Different SRB
	Time Saving in call setup case of no retransmission

	3.4K SRB(retransmission time 160ms)
	320ms to 480ms

	13.6K SRB (retransmission time 120ms)
	240ms to 360ms


2.5 Compare with other technique
In chapter 7.5 of [5], 3 methods are lately described. How much time will be saved by avoiding activation time in reconfiguration? Here we analyze the Tavoiding-act-time from RB Setup to RB Setup Complete.
A typical condition: RB Setup message is 8 PDU, TTI of SRB is 10ms. For other PDU number and TTI settings, the result is similar.
Tavoiding-act-time = 80ms(PDU time= 8*10) + 50ms(One PDU transmission from UTRAN to UE) + 100ms(UE processing RB Setup time defined in 25.331) +80ms(achieve synchronization in the new configuration)= 310ms.
For first activation time method, we can also estimate the time from RB Setup to RB Setup Complete when the first activation time is used, 
Tfirst-act-time = 80ms(PDU time= 8*10) + 50ms(One PDU transmission from UTRAN to UE) + 100ms(UE processing RB Setup time defined in 25.331) = 230ms. No delay is waste in synchronization of new configuration.
It is deduced that on no retransmission condition, the time consumption from RB Setup to RB Setup Complete is almost the same compared with the method of avoiding activation time. On retransmission condition, the method of avoiding activation time also has BLER possibility , therefore the delay from RB Setup to RB Setup Complete is longer than usual. 
For most of the cases, the signaling BLER Target is 1%,  we assume 80% possibility is under no retransmission condition. Typical activation time in first activation time method is 500ms, . 80ms to achieve synchronization in the new configuration in avoiding activation time method.

The time difference between first activation time method and avoiding activation time method is:  20% * (500ms – 310ms ) + 80%*(230ms-310ms) = -26ms. 
It is deduced that  first activation time method is better than or almost the same as avoiding activation time method to save delay from RB Setup to RB Setup Complete.
Avoiding activation time method use unsynchronised  signalling procedure and abandon synchronised signalling procedure, but first activation time method still use synchronised signalling procedure and less change to current system.. From compatibility view , we recommend use first activation time method to save call setup delay.
2.6 Impact on system


1. double activation time

To analyze the impact of double activation time on current system, we first review the current activation technique of UTRAN and UE. UTRAN and UE use only one activation time, UE judges if it receives RB Setup message correctly before activation time. if correct, UE would activate the new configuration at activation time. UTRAN judge if UE have received all PDU of RB Setup correctly by internal CRLC-STATUS-Ind which is one of the Primitives between RLC and upper layers in 3GPP 25.422, if received correctly , UTRAN activate its configuration at activation time. 
If another activation time is introduced, UE and UTRAN can just use its current scheme of activation time judgement, the only difference is another activation time is involved, if first activation time can not be used , UE and UTRAN would use next activation time. It is deduced that double activatioin time can be supported with little impact on system.

2.configuration difference between UTRAN and UE
The main problem of configuration difference is that configuration difference may causes call setup failure. We analyzed the probability of call setup failure is contributed from configuration difference. 
If BLER happened in RB Setup RLC ACK message when UE notices UTRAN that UE has received all PDU of RB Setup message, there is configuration difference from first activation time to second activation time. However, the uplink BLER target of SRB is 1% normally, so the probability of configuration difference is only 1%, we could optimize it by current technique, such as lower BLER Target setting, resend RB Setup RLC ACK by UE. It can be optimized in current system. If we reduced the probability less than 0.1%, call setup failure caused by configuration difference would be less than 0.1%.
3. backward compatible for the UE

New IE: New Activation Time and Tue-applied-limit is mandatory for UE in the scheme describes above. UTRAN can distinguish if UE support the new IE by its version value in RRC Setup Complete, such as R7.  Only if UE belongs to R7 version, UTRAN include new IE: New Activation Time and Tue-applied-limit in RB Setup message.
On the other hand, New IE: New Activation Time and Tue-applied-limit can also be an optional choice for UE.  Here we can introduce a new RRC message, such as RB Receive Complete to replace the function of RB Setup RLC ACK as a sign that UTRAN knows UE has received all PDUs of RB Setup message. For UE of early protocol version which has not included new IE, UTRAN will not send new IE: New Activation Time and Tue-applied-limit. For UE of later protocol version which has included new IE, UTRAN will send new IE: New Activation Time and Tue-applied-limit, but it is an optional choice, only UE who supports new IE will send RB Receive Complete message to UTRAN. UTAN will use RB Receive Complete to apply new configuration correctly.
It is deduced that backward compatible for the UE is not a critical problem after introducing new IE: New Activation Time and Tue-applied-limit. As described in section 2.4, big benefit will be introduced with new activation time and it is valuable. So we recommend that the new IE: New Activation Time is mandatory for UE since it can save delay during RB Setup procedure. 
2.7 Proposal

The CR to 3GPP 25.331:
1) It is proposed to introduce new IE: New Activation Time in RB SETUP message.
	Information Element/Group name
	Type and reference
	Semantics description

	New Activation Time
	Integer(0..

255)
	CFN , this IE and the old IE: Activation Time is the two  Activation time that UTRAN and UE will use in RB Setup procedure.


2) It is proposed to introduce new IE: Tue-applied-limit in RB SETUP message.

	Information Element/Group name
	Type and reference
	Semantics description

	Tue-applied-limit
	Integer(0..

10)
	Unit: 10ms, time of UE to commit the new configuration after UE received RB Setup message.


3) When UTRAN decided to use IE: New Activation Time in RB Setup message:
UE side:

Regard IE: new Activation Time as the First activation time, the old IE: Activation Time in RB Setup message as the Second Activation Time.

If UE received all PDU of RB Setup message and make sure it can send RB Setup RLC ACK before First Activation Time, and UE has enough time to activate its new configuration at First Activation Time, UE will activate its new configuration at First Activation Time. If UE has received all PDU of RB Setup message before Second Activation Time and UE has enough time to activate its new configuration at Second Activation Time and further UE has not activated new configuration, UE will activate its new configuration at Second Activation Time,.
UTRAN side: 
If UTRAN knew that UE has received all PDU of RB Setup message by the RLC status report from UE before First Activation Time, and UTRAN has enough time to activate its new configuration at First Activation Time, UTRAN will activate its new configuration at First Activation Time. If UTRAN still did not know that UE has received all PDU of RB Setup message by the RLC status report from UE before Second Activation Time, UTRAN will activate its new configuration at Second Activation Time.
The scheme of UTRAN which is described in case3 above can be seen as an enhanced method.  However it is not  mandatory for UTRAN because out of synchronization procedure described in reference [4] have assured that the potential out of synchronization risk will have little power interference impact on system .
3
Conclusions

In this document we have presented a proposal to optimize the Activation Time.

1) By introducing New Activation Time , a new choice is provided for UTRAN and UE to use the optimized Activation Time to save delay in call setup cases of no retransmission.

2) The probability of potential power interference risk during configuration difference between UE and UTRAN is less than 1% and can be optimized in current system.
We propose RAN2 to discuss and if possible agree on new changes:
1) introducing “New Activation Time”  and  “Tue-applied-limit “into RB Setup message
2) scheme of UTRAN and UE to judge which activation time will be used
We invite other companies to express an opinion on double activation time, and how to optimize the double activation time procedure.
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