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1 Introduction
In recent RAN2 meetings, several contributions have been made on the impact of higher data rate signalling bearers on the call set up time (see among others [1] to [5]).
In this document, we shortly analyse the impact on the transmission time of the messages Radio Bearer Setup and Radio Bearer Reconfigurations, given signalling radio bearers with data rates of 3.4 kbps, 13.6 kbps and 27.2 kbps. 

2 Signalling Radio Bearers

In this paper we assume the use of SRBs with following properties: 
· 3.4 kbps, then the TTI length is 40 ms and the TB size is 128 bits (see TS 34.108)

· 13.6 kbps then the TTI length is 10 ms and the TB size is 128 bits (see TS 34.108)

· 27.2 kbps with TTI length 10 ms and TB size 240.

3 Transport Channel BLER
If the average time to transmit a message has to be calculated, the probability of retransmission has to be considered. This is expressed by the by the TrCH Block Error Rate. In this paper we assume a BLER and NACK error rate of 5%. The table below shows the probability of erroneous message transmission depending on the numbers of TTIs/TBs for one message and the number of RLC retransmissions. The table is taken from [1, Default configurations in Rel-6, Qualcomm].

	
	BLER = 5%, NACK error rate = 5%

	
	0 retransmissions
	1 retransmissions
	2 retransmissions
	3 retransmissions

	              Number of PDUs/TTIs per message (one PDU per TTI)


	1
	5.00%
	0.49%
	0.05%
	0.00%

	
	2
	9.75%
	0.97%
	0.10%
	0.01%

	
	3
	14.26%
	1.46%
	0.14%
	0.01%

	
	4
	18.55%
	1.94%
	0.19%
	0.02%

	
	5
	22.62%
	2.41%
	0.24%
	0.02%

	
	6
	26.49%
	2.89%
	0.28%
	0.03%

	
	7
	30.17%
	3.36%
	0.33%
	0.03%

	
	8
	33.66%
	3.83%
	0.38%
	0.04%


Table 1 Probability of message in error after 0, 1, 2 and 3 retransmissions
 (cited from [1]) 
4 Message Transmission Times
The common message sizes for a Radio Bearer Setup message in full configuration for the most common services are listed in several Tdocs, such as [2] and [3]. The RRC message sizes in the Table below were taken from [3]. 
	
	RRC message
	RRC message

size

[Bytes]
	# TBs with TBS = 128
	SRB 3.4 kbps

Transmission
Time [ms]
	SRB 13.6 kbps

Transmission
Time [ms]
	# TBs with TBS = 240
	SRB 27.2 kbps

Transmission
Time [ms]

	1
	Radio Bearer Setup (AMR 12.2)
	113
	8
	320
	80
	4
	40

	2
	Radio Bearer Setup (AMR 12.2 + PS 0/0)
	135
	9
	360
	90
	5
	50

	3
	Radio Bearer Setup (AMR 12.2 + PS 8/8)
	149
	10
	400
	100
	5
	50

	4
	Radio Bearer Setup (PS 64/64)
	80
	5
	200
	50
	3
	30

	5
	Radio Bearer Setup (PS 64/384)
	137
	9
	360
	90
	5
	50

	6
	Transport Channel Reconfiguration

(PS 64/384)
	106
	7
	280
	70
	4
	40


Table 2 Message size and transmission times for common RABs
A change from 3.4 to 13.6 kbps SRB has no impact on the retransmission rate, because in both cases, the same number of TBs/TTIs is required to transmit the message, given a fixed TrCH BLER. 
The message transfer time in reduced by a factor of four. A 27.2 kbps SRB as described in the preceding section would again halve the transmission time in the DL, when compared with the SRB 13.6 kbps. Given approx. half the number of TBs as in 13.4 kbps and a fixed BLER, the transmission failure rate can be regarded as slightly lower - with a fixed BLER and the same size of data there will be less TBs sent and hence a lower number of retransmissions, so overall the actual reduction in transmission time will be slightly more than half (see Table 2). (Please note that a fixed BLER factor with increasing data rates is only achieved here with higher Tx power.)
Table 2 only shows the transmission time of one message. Layer 2 retransmission and UE processing has to be taken into account if the RNC sets an activation time (counted in CFN numbers). Higher data rate signalling allows the RNC to set lower limits.
Qualcomm has clearly described in [1] the impact of retransmission for reconfiguration messages. A reconfiguration message is linked to a CFN, where the new configuration has to be started. The UTRAN has to take into account that the UE receives the message with high reliability, for instance with 99% probability. If for instance the Transport Channel Reconfiguration consists of 6 blocks, and the BLER is 5%, then 2 retransmissions are required to guarantee a message transfer reliability of higher than 99%. The time difference between two transmissions is about 200 ms, the UE processing time 100 ms. In this case, the activation time should be at least (2 x (200 ms + “message transmission time”) + 100 ms ) in the future. Given a 3.4 kbps SRB, then this sums up to 980 ms. A 13.6 kbps SRB would require 640 ms. The use of 27.2 kbps SRB would introduce an additional improvement by reducing this time to 580 ms. 
[3] analyses the use of predefined transport channels. It was shown there that the message size of RB Setup or TrCH Reconfiguration messages can be reduced to up to 46% to 23% of its original size. For example, the Transport Channel Reconfiguration message then can be transmitted in 2 instead of 6 or 7 TBs. Given a 5% BLER and a message reliability of higher than 99% only one retransmission must be scheduled. In this case, the activation time has to be set to be at least (200 ms + “message transmission time”) + 100 ms in the future. Given a 3.4 kbps SRB, then this means 380 ms. A SRB of 13.6 kbps would change this to 320 ms. 
5 Impact of Retransmission
Both a reduced number of TBs (TTIs) and a high data rate SRB accelerate the message transfer time. The retransmission probability has some impact on the average transmission time. Its impact is more significant, the faster the transmission takes place, because some time elapses before the retransmission can be performed. We outline here the impact of retransmission both when RLC AM and UM is in use.

Given AM mode, only un-decodable TBs are retransmitted. Two aspects can be quantified:
· the numbers of transport blocks have a significant impact on the average message transfer time. (see example calculation 1 and 2).
· retransmission has a signification impact on the message transfer time. This can be seen in Example Calculation 1. Here, the transmit time on the 3.4 kbps SRB increases only slightly from 0 to 1 retransmissions. On a 13.6 kbps, retransmission from 0 to 1 increases the message transfer time of a factor of 2.5. 

The impact of retransmission will be much more critical if RLC UM is used. In this case, the whole message has to be retransmitted. Its impact can be immediately monitored in Example Calculation 1:
· 3.4 kbps SRB in RLC UM with one retransmission: estimated message transfer time: 760 ms
· 3.4 kbps SRB in RLC UM with two retransmission: estimated message transfer time: 980 ms
 Example Calculation 1: (see also Annex A)
Assumption: 8 TBs with one TB per TTI, BLER = 5%.  
	Retran
	Probability
	3.4 kbps SRB message transmission time (40 ms TTI and 160 ms retransmission time for TB)
	13.6 kbps SRB message transmission time (10 ms TTI and 160 ms retransmission time for TB)
	13.6 kbps SRB message transmission time (10 ms TTI and 100 ms retransmission time for TB)

	0
	66.34%
	320 ms
	80 ms
	80 ms

	1
	26.53%
	average: 390 ms

best case: 360 ms

worst case: 480 ms
	average: 205 ms

best case: 170 ms

worst case: 240 ms
	average: 145 ms

best case: 110 ms

worst case: 180 ms

	2
	5.93%
	average: (456 ms

best case: 400 ms

worst case: 640 ms
	average: 250 ms

best case: 180 ms

worst case: 400 ms
	average: (177 ms

best case: 120 ms

worst case: 280 ms

	3
	0.96%
	average: (520 ms

best case: 440 ms

worst case: 800 ms
	average: 311 ms

best case: 190 ms

worst case: 560 ms
	average: 215 ms

best case: 130 ms

worst case: 380 ms


Table 5.1: Retransmissions time with BLER = 5% and 8TBs.
In this example the transmission of the 8 TB long message is done with less then 4 retransmissions with a probability of more than 99.5%. From that we can calculate the average transmission time:

· 3.4 kbps SRB: ( 393 ms

· 13.6 kbps SRB with 160 ms retransmission time: ( 125 ms

· 13.6 kbps SRB with 100 ms retransmission time: ( 104 ms
Example Calculation 2 (reduced number of TBs – e.g. when using stored configurations):
Assumption: 3 TBs with one TB per TTI, BLER = 5%. 

	Retransmissions
	Probability
	3.4 kbps SRB message transmission time (40 ms TTI and 160 ms retransmission time for TB)
	13.6 kbps SRB message transmission time (10 ms TTI and 160 ms retransmission time for TB)
	13.6 kbps SRB message transmission time (10 ms TTI and 100 ms retransmission time for TB)

	0
	85.73%
	120 ms
	30 ms
	30 ms

	1
	12.86%
	average: 220 ms

best case: 200 ms

worst case: 280 ms
	average: 175 ms

best case: 170 ms

worst case: 190 ms
	average: 115 ms

best case: 110 ms

worst case: 130 ms

	2
	1.28%
	average: (303 ms

best case: 240 ms

worst case: 440 ms
	average: 265 ms

best case: 180 ms

worst case: 350 ms
	average: 175 ms

best case: 120 ms

worst case: 230 ms

	3
	0.10%
	average: (432 ms

best case: 440 ms

worst case: 800 ms
	average: 372 ms

best case: 190 ms

worst case: 510 ms
	average: 240 ms

best case: 130 ms

worst case: 330 ms


In this example the transmission of the 3 TB/TTI long message is done with less then 4 retransmissions with a probability of more than 99.5%. From that we can calculate the average transmission time

· 3.4 kbps SRB: ( 136 ms

· 13.6 kbps SRB with 160 ms retransmission time: ( 52 ms

· 13.6 kbps SRB with 100 ms retransmission time: ( 43 ms
6 Conclusion

Two points can be clearly stated from this analysis:

1. The higher data rate SRB accelerates the message transmission time significantly. 
2. A reduced message size is highly beneficial because is reduces the probability of retransmission, which adds to the average message transmission time.

A combination of high data rate transmission and small signalling messages is recommendable in optimising the message transfer time.

It has been shown in [4, attached document] that a key benefit of a 13.6 kbps signalling bearer its improvement the overall call setup time by at least 20% but not more than 30% in comparison to the 3.4 kbps SRB. The benefit from changing from 13.4 to 27.2 SRBs is less significant, especially when activation times (CFNs) have to be taken into account. The same can be said for the overall call setup time, because network entity processing times, retransmission timer, etc. play then a key role in the overall call setup delay. 

It can be therefore concluded that a combination of fast signalling, message size reducing and fast processing times in the network elements improves the overall call setup time. 
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8 Annex A
The probability for n retransmission was calculated by 
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, with k being the number of TBs to be transmitted. 

The average values for the transmission time were computed under the assumption of uniformly distributed transmission errors. 

The retransmission time calculated based on following TB (re-)transmission rules:

· If the transmission of a TB in a TTI period has failed, then its retransmission takes place m TTI periods. (In our example the retransmission time was 160 ms or 4 TTI periods for 3.4 kbps SRBs. It was 16 or 10 TTI periods for 13.6 kbps SRBs.) 
· If two TBs are scheduled to be transmitted at the same time then the TB whose first transmission was scheduled at the earliest TTI period is transmitted.  The second TB transmission is delayed by 1 TTI period. 
Example: If the first TTI in a 3.4 kbps transmission has to be retransmitted, the total transmission time is 360 ms: The first TTI can be retransmitted after 160 ms or 4 TTI periods. This then delays the transmission of the 5th, 6th, 7th and 8th TB (TTI) by 40 ms each. 360 ms transmission time is also given if only TBs of the second, third, forth and fifth TTI have to be retransmitted. If the TB in the 6th TTI period has to be retransmitted, the total transmission time changes to 400 ms, and so on.














































































� Message Error Rate (without retransmissions) = 1 – (1 – BLER)^n, 


Message Error Rate (after k retransmissions) = 1 – (1 – BLER^(k+1)·(2-BLER)^k)^n, 


where n is the number of blocks per message.
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