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1 Introduction
The efficiency of SRBs’ detection and retransmission missing PDUs is very important to decrease call setup delay. In [2], a problem is advanced that the retransmission delay would be deteriorated when waiting for a poll in case of the last PDU lost. In our point of view, this unnecessary delay should be reduced. Several solutions have been proposed [2][3] and in this document, we also discuss this problem and propose a possible solution to reduce such retransmission delay. 
Additionally, signalling data on SRBs is rather discrete and there are many TTIs empty in the duration of call setup. As a result, we also propose a solution to utilize these TTIs for guaranteeing the transmission of PDUs.
2
Discussion
As discussed in [2], there will be always only one SDU generated every time for SRBs. In the current RLC mechanism, the last PDU of the last segmented SDU is lost, thus the receiver cannot inform the sender to retransmit this PDU until the poll timer expires. The poll timer is always long so that the signalling transport delay will be increased. The following figure illustrates this situation. [2] 
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Figure 1: Last fragment of a RLC SDU is lost 
We consider it is a problem that will worsen the signalling delay although it is questioned because poll timer could be reduced. In the real implementation, such timer value is hard to choose and the poll timer and status prohibit timer need to reserve period of time to avoid the useless polls and status. Besides, the missed last PDU may be not the only not acknowledged PDU in the buffer thus the poll may be within the other PDUs and at least one more extra round trip delay would be added.
As a result, a proper solution should be considered to solve such problem. In [2][3], different proposals focus the same problem. In the following of this contribution, a possible solution is provided and corresponding evaluation are given.
3
Proposal

3.1 Missing PDU detection and retransmission
In the current RLC protocol, the state variable VR(H) means the biggest received PDU sequence number plus 1. The initial value is set to zero. 
Here we propose a new RLC timer named Segment_Interval_Margin used to trigger the transmission of STATUS PDU in the receiver. 
At every time when the VR(H) is updated, the receiver can check the PDU numbered VR(H) – 1 to determine if the last PDU of the SDU includes the final part of the SDU. If not, the receiver starts the Segment_Interval_Margin timer (if it is already started, then restart it). If so, it indicates that all the PDUs of the last SDU are received, then stop the timer Segment_Interval_Margin if it is started. 
If the timer Segment_Interval_Margin(TSIM) is expired, it means that an expected PDU which should be received at the predefined interval is not received, then a STATUS PDU will be sent to inform the sender to resend it. Figure 4 illustrate this solution to reduce the delay. Compared with figure 1, the polling time is saved for retransmission if the timer Segment_Interval_Margin is introduced in such situation.

[image: image2.wmf] 

RLC SDU

 

RLC PDU, SN=x

 

RLC PDU, SN=x

 

STATUS

 

STATUS

 

SN = x+1

 

SN = x+1

 

SN = x+2

 

SN = x+2

 

X+2 is missing

 

Timer 

T

SIM

 

expired

 

SN = x+2

 

SDU is delivered

 

S

tart timer

 

T

SIM

 

 

Segment interval margin

 

Round trip 

delay

 

L2 retransmission delay

 

 


Figure 4 Retransmission last PDU on SRB
Additionally, the timer Segment_Interval_Margin can be configured dynamically to fit the different transmissions. As a result, we also propose that the messages which configure the RLC entity will be extended to include the IE Segment_Interval_Margin, such as RRC_CONNECTION_SETUP. The value of this timer can be ranged from 0.5 to 4 TTIs normally. 
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description

	Timer_Segment_Interval_Margin
	OP
	
	Integer(0..16 by step of 0.5)
	Maximum time interval in TTI between received segments of a RLC SDU


In this alternative solution, we extend a timer parameter Segment_Interval_Margin in the SRB configuration and reconfiguration message. We also define the behavior of UE and UTRAN to support this function. It is predicted that it will greatly reduce the retransmission delay if the last several PDUs are lost on SRBs. In addition, there is no need to add other mechanisms on sender as well as the possible negotiation between sender and receiver.
3.2 Retransmission in spare TTIs

When we consider the signalling transmission on SRBs, we know that there are many TTIs empty with no data to be transmitted because the signalling data is discrete in a call setup procedure. These TTIs can be used to decrease the delay caused by retransmission if the sender actively transmits those PDUs which are still not acknowledged by the receiver. 
In RLC entity, when a TTI is coming, it should transmit PDUs as following priority:

I. PDUs which are waiting for retransmission;
II. PDUs which are new and not transmitted ever;
III. PDUs which are waiting to be acknowledged.

PDUs waiting to be acknowledged, will be actively transmitted in spare TTIs. The transmission will be start from the earliest PDU which is not acknowledged and be executed circularly to all these PDUs, until all of the PDUs are acknowledged. 
Additionally, in order to prevent to transmit too much PDUs, there will be two method to reduce the number of PDU transmitted in spare TTIs: one is to set a maximum number of times a PDU can be transmitted in spare TTIs, this time can be 1 to 3; the other is to set a proportion, which is multiplied by the PDU number of the SDU, the result is the total number of PDUs that will be transmitted in spare TTIs. For example, if the PDU number of a SDU is 2, and the proportion is set to 1.2, so the total number of PDU transmitted in spare TTIs is 2 * 1.2 = 2.4, which means totally 3 PDUs could be transmitted in fact. And for more reasonable, the latter is preferred. 
We call this mechanism as Active Retransmission.
4 Evaluation
The proposal above gives two methods to decrease the delay caused by signaling data transmission. Besides the above proposal, there are two other proposals from NEC and ASUSTeK to optimize signaling transmission on SRBs, which are presented in Tdoc R2-052877 and R2-052847.
Here are some simulations to evaluate the benefit from these proposals. To be convenience, the method specified in 3.1 is identified as Huawei, and the hybrid use of the above 3.1 and 3.2 methods is identified as HW_Hybrid. The proposal suggested in R2-052877 from NEC is identified as NEC, and in R2-052847 Proposal A from ASUSTeK is identified as ASUSTeK. “Current” stands for the legacy R6 scheme.
4.1 Delay performance comparison 
It is assumed that in the simulation the distribution of data block error is even.

The following table lists some basic parameters of RLC layer which have effect on the simulation results. Other parameters which are not mentioned are set as protocol typical values. 
Table 1  RLC Simulation Parameters

	Parameter
	Value
	
	Parameter
	Value

	Tx Window Size
	64
	
	Timer status prohibit
	120

	Rx Window Size
	64
	
	Missing PDU report
	TRUE

	Poll SDU
	1
	
	Timer Segment_Interval_Margin
	25ms

	Poll window
	50%
	
	TTI
	10ms

	Timer Poll
	140
	
	RTT
	100ms

	last_TX_Poll
	TRUE
	
	last_RETX_Poll
	TRUE


The following 2 figures illustrate the CDF of transmission a complete SDU with different PDUs. Different proposals are compared. The line closer to left Y axis means the performance of time delay is better. And the time consumption is observed from the receiver. 
1) Result for PDU number 8, BLER target 10%, Active Retransmission Proportion 1.2
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Figure 1  CDF of 8 PDU Transmission
2) Result for PDU number 2, BLER target 10%, Active Retransmission Proportion 1.2
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Figure 2  CDF of 2 PDU Transmission
From the above two cases, we can see that the proposal HW_Hybrid has the best delay-saving performance. Proposal NEC and proposal Huawei almost have the same performance.
The following figure 3 and 5 illustrate the mean time for successfully transmitting a SDU with different PDUs applying different proposals mentioned above. And the figure 4 and 6 give out the total number of PDUs transmitted when applying these proposals. 
Scenario 1: Tsp 100ms, BLER 15%, Active Retransmission Proportion 1.2
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Figure 3  Mean Time for Different PDUs Transmission
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Figure 4  Total PDUs Transmitted for a SDU with Different PDUs
Scenario 2: Tsp 80ms, BLER 10%, Active Retransmission Proportion 1.0
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Figure 5  Mean Time for Different PDUs Transmission
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Figure 6  Total PDUs Transmitted for a SDU with Different PDUs
From simulation result, they illustrate that for various PDU numbers, the Huawei proposal hybrid section 3.1 and 3.2 has least mean time spent to successfully transmit these PDUs. Comparing to ASUSTeK proposal A, Huawei hybrid proposal has obvious gain of delay per SDU. And comparing current scheme in Rel6, the gain will be even larger.
Comparing to figure 3 and 5, we can see when the radio environment becomes worse (BLER is bigger) Huawei hybrid proposal will obtain more gain of time delay. And of course, when the proportion of actively transmission is set to larger, the gain will become higher. But the extra gain will be lower and lower along with increasing the value of the proportion. What’s more, the large proportion results that more extra PDUs will be transmitted which increase the load of SRB. So a proper proportion will be chose. Our simulation result shows the best value is 1 to 1.5.
We know that any delay decrease result in system resources cost. In this situation, the total PDU number transmitted for a SDU represent the SRB load. We can see from figure 4 and figure 6 that the HW_Hybrid proposal transmits the most number of PDUs in actual, in order that it has the biggest gain of delay in call proceeding. The number of PDU transmitted has a big relationship with the proportion and radio environment (actual BLER). 
In order to evaluate the performance of the above proposals, we can calculate the PDUs transmitted and the total time saved in a call setup procedure. It can be summed up how many SDUs and PDUs will be transmitted in a call setup for one UE in idle mode. Thus we can know total time saved and the PDUs transmitted applying the above four proposals. Table 2 illustrates the main messages transmitted on DCCH in a call setup procedure. 

Table 2 RRC Message Size and PDUs
	Message
	Msg Size (byte)
	No. of PDUs

	RRC_RRC_CONNECT_SETUP_CMP
	38
	3

	RRC_INIT_DIRECT_TRANSF (CM Service Request)
	22
	2

	RRC_DL_DIRECT_TRANSF (Authentication Request)
	41
	3

	RRC_UL_DIR_TRANSF (Authentication Response)
	16
	2

	RRC_SECURITY_MODE_CMD
	27
	2

	RRC_SECURITY_MODE_CMP
	19
	2

	RRC_UL_DIRECT_TRANSF (Setup)
	32
	3

	RRC_DL_DIR_TRANSF (Call Proceeding)
	19
	2

	RRC_RB_SETUP
	126
	8

	RRC_RB_SETUP_CMP
	11
	1

	RRC_DL_DIR_TRANSF (Alerting)
	15
	2

	RRC_DL_DIRECT_TRANSF (Connect)
	11
	1

	RRC_UL_DIR_TRANSF (Connect Ack)
	11
	1


According to the above simulation result and Table 2, we can get in one call procedure the PDUs transmitted and the delay saved applying different proposals in average. The data is calculated based on the above simulation scenario 1.
Table 3  PDUs transmitted and Time Saved in a call setup
	
	HW_Hybrid
	Huawei
	ASUSTeK
	NEC
	current

	No. of PDUs transmitted
	87
	44
	63
	44
	42

	Time saved in call proceeding (ms)
	556
	135
	352
	161
	0


We can see that the Huawei hybrid proposal has the much bigger value of time saved though it transmits the relatively more number of PDUs. We assume the signaling procedure will last 3 seconds. So the SRB bit rate of HW_Hybrid proposal can be obtained: (87 * 148) / 3 = 4.29 kbps. Comparing to the voice bit rate 12.2kbps, this bit rate is rather lower and lasts a few seconds. So we consider Huawei hybrid proposal saved much time of about 556ms in call setup procedure, though it increases the PDUs transmitted. And the extra PDUs transmitted have little influence on system capability and load. 
So we suggest the Huawei Hybrid proposal of section 3.1 and 3.2 can be applied for saving call time.
5 Conclusions
In this contribution, a problem is described that in the situation the last PDU lost on SRBs, the retransmission delay will be increased due to the long polling timer.
In order to find a better way to solve this problem, we proposed a solution using a timer on the reception to limit the packet arrival interval. This timer parameter is considered to be dynamically configured by upper layer to fit different transmissions better. Additional, a proposal of active retransmission is also presented to increase the efficiency of signalling data transmission. The PDUs which are still not acknowledged are transmitted in spare TTIs when there is no new data and retransmission data waiting to be sent. This will highly decrease the delay caused by error transmission, which is demonstrated above.
These two proposals can be used separately or simultaneously to reduce the transmission delay. And the HW_Hybrid proposal has the best performance. In addition, in Rel99/Rel4/Rel5, such scheme could also be implemented if UE has the ability to configure the Active Retransmission proportion and timer itself. And in Rel6 and following releases, the proposed scheme with the two parameters could be configured by network to guarantee such delay optimization. As a result, we suggest that RAN2 should consider this problem and the solution we proposed. 
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