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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 was advanced that the transmission delay of a SDU would be deteriorated when waiting for a poll in case of the last PDU being lost. In our point of view, this unnecessary delay should be reduced. In the last two meetings, several improved schemes of missing AMD PDUs’ fast detection and retransmission were proposed and we discuss this problem and propose a possible solution to reduce such transmission delay in this contribution. 
2
Discussion
As discussed in [2], there will be always only one SDU generated every time for SRBs. In the current RLC mechanism, if the last PDU of the segmented SDU is lost, the sender will not retransmit this PDU until the poll timer expires. The timer is always long so that the signalling transport delay will be increased. The following figure illustrates this situation.
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Figure 1: Last fragment of a RLC SDU is lost 
We consider the problem remains although some argue that the poll timer can be reduced. In practical implementations, an optimal value is hard to choose because the poll timer need to reserve period of time to avoid the useless polls and status. 
Besides, additional SDU transmission delay is introduced in the case where one or several PDUs prior to the last PDU are not correctly received. For instance, if the PDU with SN = x+1 is missing and the one with SN = x+2 received in Figure 1, the sender has to wait approxmitely a round trip time for the status report before the retransmission is triggered. As a result, the delivery of the SDU in the receiver is delayed about an RTT.

During the time the sender wait for the expiration of poll timer or the status report in the situations described above, the sender has nothing to do and the channel leaves idle. This problem may usually happen especially in SRB situation. We noticed these periods could be utilized to reduce the delay caused by retransmission as we proposed in the next section.
3
Proposal

When considering the signalling transmission on SRBs, we know that there are many spare TTIs without data to be transmitted because the arrivals of signalling SDUs are discrete. These TTIs can be used to decrease the delay caused by retransmission, if the sender actively transmits those PDUs that are still not acknowledged by the receiver.
In current RLC specification, PDUs to be retransmitted has higher priority than those to be transmitted for the first time when more than one PDU are scheduled for transmission at the same time. We propose to introduce the third class of a PDU that is waiting to be acknowledged. The transmitter RLC entity should also consider such class of PDUs in order to use spare TTIs to reduce transmission delay. For example, when a TTI is coming, the RLC entity could actively select a PDU that is waiting for acknowledgement if there is neither new PDUs to be transmitted nor non-acknowledged PDUs to be retransmitted. The active retransmission may start from the earliest PDU that is not acknowledged and all these PDUs can be retransmitted in a round-robin way until all of them have been acknowledged.
In order to prevent excessive retransmission, two alternative methods can be used to limit the number of times the active retransmission will occur:

· to set a maximum number of times each PDU can be transmitted in spare TTIs, this value is normally from 1 to 3;
· to set a ratio of the total number of PDUs that can be actively retransmitted in a SDU to the PDU number of the SDU. For example, if a SDU is segmented into 2 PDUs and the ratio is set as 1.2, so the total number of PDUs that can be retransmitted in spare TTIs is limited to 2 * 1.2 = 2.4, namely up to 3. 
4 Evaluation
Some simulation results are provided in this clause in order to compare all RLC retransmission schemes from current RLC specification, this contribution, ASUSTeK [3] and NEC [2] (marked with “current”, “Huawei”, “ASUSTeK” and “NEC” in the figure, respectively).
4.1 Simulation Parameters 
It is assumed that the data block error is on uniform distribution.

The following table lists the main 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
	80ms

	Rx Window Size
	64
	
	Missing PDU report
	TRUE

	Poll SDU
	1
	
	TTI
	10ms

	Poll window
	50%
	
	RTT
	100ms

	Timer Poll
	140ms
	
	last_RETX_Poll
	TRUE

	last_TX_Poll
	TRUE
	
	Active_RTx_Ratio
	1.0


We adopted the active retransmission ratio to limit the active retransmissions in the simulations. All the results below are derived from the average of 10,000 times of simulations and the transmission delays are always observed from the receiver.
4.2 Simulation Results
The following 2 figures illustrate the Cumulative Distribution Function of the transmission delay of a single SDU with different numbers of PDUs with 5% BLER.
1) PDU number 2, BLER target 5%, 
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Figure 2 Transmission delay CDF – Case 1
2) PDU number 8, BLER target 5%, 
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Figure 3 Transmission delay CDF – Case 2
From the above two cases, we can see that the scheme of Huawei has the best transmission delay distribution.
The following figures illustrate the mean time and total number of PDUs transmitted for successfully transmitting a SDU with different numbers of PDUs when applying different proposals mentioned above.
Scenario 1: BLER 10%

[image: image4.emf]60

80

100

120

140

160

180

200

220

1 2 3 4 5 6 7 8

PDU

Time(ms)-mean

current Huawei ASUSTeK NEC

 [image: image5.emf]0

2

4

6

8

10

12

14

16

18

20

1 2 3 4 5 6 7 8

PDU

TotPDU-mean

current Huawei ASUSTeK NEC


Figure 4 Mean transmission time and total PDUs transmitted - Scenario 1
Scenario 2: BLER 5%
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Figure 5 Mean transmission time and total PDUs transmitted - Scenario 2
Scenario 3: BLER 1%
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Figure 6 Mean transmission time and Total PDUs Transmitted - Scenario 3
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Figure 7 Standard deviation of transmission time – Scenario 3
The simulation results show that the scheme of Huawei has the least average transmission delay and the gain is enlarged with the increase of BLER. On the other hand, the total number of transmitted PDUs in our proposal is almost doubled compared to current scheme, because the active retransmission ratio is set as 1. We consider it a trade-off between the transmission delay and the load of air interface. Since the active retransmission only occurs in spare TTIs, it will not delay the normal PDU (re)transmission. In our simulation, we found the transmission delay gain logarithmically grows with the increase of active retransmission ratio and the best value of the ratio is 1 to 1.5.
It is noticed that the gain is not obvious under a low BLER as depicted in Figure 6, but our scheme is still able to keep the standard deviation of transmission delay in a lower level (Figure 7). A smaller standard deviation means that an SDU transmission can be completed in fairly short delay even in the worst case. From a statistical perspective, the performance is also improved.
4.3 Gains for a CS Call Setup Procedure
According to above simulation result, we can calculate the total time saved in the RLC layer with different schemes during a call setup procedure. Table 2 illustrates the main RRC messages (i.e. RLC SDUs) on DCCH as well as their transmission delay in a CS call setup procedure. The data in columns of “Total # of Transmitted PDU” and “Transmission Delay Saved” is calculated based on Scenario 2 in above subclause.
Table 2 RRC Message Size and Transmission Delay

[image: image11.emf]Curr HW ASUS NEC Curr HW ASUS NEC

RRC_RRC_CONNECT_SETUP_CMP

38 3 3.27 6.24 4.57 3.26 0 15.50 7.87 1.22

RRC_INIT_DIRECT_TRANSF (CM

Service Request)

22 2 2.17 4.15 3.28 2.17 0 11.42 7.48 0.39

RRC_DL_DIRECT_TRANSF

(Authentication Request)

41 3 3.27 6.24 4.57 3.26 0 15.50 7.87 1.22

RRC_UL_DIR_TRANSF

(Authentication Response)

16 2 2.17 4.15 3.28 2.17 0 11.42 7.48 0.39

RRC_SECURITY_MODE_CMD

27 2 2.17 4.15 3.28 2.17 0 11.42 7.48 0.39

RRC_SECURITY_MODE_CMP

19 2 2.17 4.15 3.28 2.17 0 11.42 7.48 0.39

RRC_UL_DIRECT_TRANSF (Setup)

32 3 3.27 6.24 4.57 3.26 0 15.50 7.87 1.22

RRC_DL_DIR_TRANSF (Call

Proceeding)

19 2 2.17 4.15 3.28 2.17 0 11.42 7.48 0.39

RRC_RB_SETUP

126 8 8.77 16.73 10.97 8.81 0 19.93 9.16 4.04

RRC_RB_SETUP_CMP

11 1 1.11 2.05 2.01 1.11 0 6.43 6.43 -0.07

RRC_DL_DIR_TRANSF (Alerting)

15 2 2.17 4.15 3.28 2.17 0 11.42 7.48 0.39

RRC_DL_DIRECT_TRANSF

(Connect)

11 1 1.11 2.05 2.01 1.11 0 6.43 6.43 -0.07

RRC_UL_DIR_TRANSF (Connect

Ack)

11 1 1.11 2.05 2.01 1.11 0 6.43 6.43 -0.07

Total

388 32 35 66 50 35 0 154 97 10

Trans. Delay Saved (ms)

Message

Msg Size

(Byte)

# of

PDUs

Total # of Trans. PDUs


We can see that Huawei’s proposal has great value of time saved and the largest number of PDUs transmitted at the same time. If the signaling procedure is assumed to last 3 seconds, the SRB bit rate of Huawei’s proposal can be obtained as (number of PDUs * PDU size) / time, and in this case, (66 * 148) / 3 = 3.26 kbps. Comparing to the voice bit rate 12.2kbps, this bit rate is fairly low and only lasts a few seconds. The proposal is therefore considered having little influence on system capacity. 
5 Conclusions
In this contribution, a problem is described that in the situation where the last one or several PDUs are lost on SRBs, the SDU transmission delay will be increased. We proposed a mechanism of active retransmission of PDUs that have not been acknowledged in spare TTIs to solve the problem. The effect of using such scheme has been evaluated through simulations.
We consider that there is no compatibility problem of our scheme. The active retransmission can even work in an asymmetric mode. For example, the network can use the active retransmission mechanism while the UE remains in the legacy mode. We are happy to prepare a CR if the principle of the scheme has been agreed in RAN2. 
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		Message		Msg Size (Byte)		# of PDUs		Total # of Trans. PDUs								Trans. Delay Saved (ms)

								Curr		HW		ASUS		NEC		Curr		HW		ASUS		NEC

		RRC_RRC_CONNECT_SETUP_CMP		38		3		3.27		6.24		4.57		3.26		0		15.50		7.87		1.22

		RRC_INIT_DIRECT_TRANSF (CM Service Request)		22		2		2.17		4.15		3.28		2.17		0		11.42		7.48		0.39

		RRC_DL_DIRECT_TRANSF (Authentication Request)		41		3		3.27		6.24		4.57		3.26		0		15.50		7.87		1.22

		RRC_UL_DIR_TRANSF (Authentication Response)		16		2		2.17		4.15		3.28		2.17		0		11.42		7.48		0.39

		RRC_SECURITY_MODE_CMD		27		2		2.17		4.15		3.28		2.17		0		11.42		7.48		0.39

		RRC_SECURITY_MODE_CMP		19		2		2.17		4.15		3.28		2.17		0		11.42		7.48		0.39

		RRC_UL_DIRECT_TRANSF (Setup)		32		3		3.27		6.24		4.57		3.26		0		15.50		7.87		1.22

		RRC_DL_DIR_TRANSF (Call Proceeding)		19		2		2.17		4.15		3.28		2.17		0		11.42		7.48		0.39

		RRC_RB_SETUP		126		8		8.77		16.73		10.97		8.81		0		19.93		9.16		4.04

		RRC_RB_SETUP_CMP		11		1		1.11		2.05		2.01		1.11		0		6.43		6.43		-0.07

		RRC_DL_DIR_TRANSF (Alerting)		15		2		2.17		4.15		3.28		2.17		0		11.42		7.48		0.39

		RRC_DL_DIRECT_TRANSF (Connect)		11		1		1.11		2.05		2.01		1.11		0		6.43		6.43		-0.07

		RRC_UL_DIR_TRANSF (Connect Ack)		11		1		1.11		2.05		2.01		1.11		0		6.43		6.43		-0.07

		Total		388		32		35		66		50		35		0		154		97		10
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