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Delay Analysis of PB and FFCH solution
1 Introduction

Support DTX for conversational services [1] [2] has been discussed for several GERAN meetings. At GERAN#42 and 43 meeting, some concerns were raised about the delay of PB solution. This paper is a revision of the previous one [3] in GERAN#43, and gives analysis on the delay of legacy PAN solution, PB solution and FFCH solution [4]. 

Added or modified text is marked in red.

2 Discussion
2.1 Delay of Downlink RLC Data Block
In [1], the delay of downlink RLC data block was estimated. In this section, the delay of the PB solution is compared with that of the legacy solution with USF scheduled every 40ms. Because the PB solution is only used by MS in DTX mode, only delay in DTX mode is estimated. 
The delay budget for PB solution shown in figure 2 is listed as below: 

· T0: A speech frame arrives at the BSS; 

· T1: Time in which the BSS completes initial transmission of the DL RLC data block containing the speech frame = 10 (BSC and BTS processing time) + 10 (Abis) + 10 (Um) = 30ms; 
· T2: Time for the MS to wait for the first PTCCH/U or Idle frame, which is 0~60ms long (30ms in average) and already includes 5ms PB transmission time. 
· Note: It is assumed that 5ms processing time is enough to include the Ack/Nack information into the PB. Even if the radio block that should be reported in the PB is received just before the PTCCH/U or idle frame, the MS still always has 5ms processing time to produce the PB. 
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Figure 1 PB generating time

· T3: Time in which the MS completes transmission of the PB = 5 (Abis) + 5 (BTS and BSC processing time) = 10ms; 
· T4: Time for the network to react according to feedback of PB and 10ms is considered; 

· T5: The same as T1, in which the BSS completes retransmission of the incorrect DL RLC data block; 

· T6: Time at which the MS has received the retransmitted RLC data block and generated the corresponding speech frame for delivery to upper layers = 5ms (MS processing). 

So the total delay of downlink speech frame for PB solution is 85~145ms (115ms in average). 
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Figure 2 Delay budget for downlink RLC data block with the PB solution supported
The delay budgets for the legacy PAN solution shown in figure 3 are listed as following: 

· T0: The same as that of the PB solution; 

· T1: 30ms, the same as that of the PB solution; 

· T2: Time for the MS to wait for the uplink radio block scheduled and 40 ms in average is considered. It is assumed that USF is scheduled every 40ms for the MS; 

· Note: The Reaction time for the MS to detect the downlink problem and generate PAN is 20ms (see 3GPP TS 45.010, Table 6.11.5.2): 
· If the downlink RLC data block is received at 20~40ms earlier before the allocated uplink radio block, the MS can send PAN at this opportunity, so T2 is 20~40ms long; 

· If the downlink RLC data block is received at 0~20ms earlier before the allocated uplink radio block, the MS can not send PAN at this opportunity but send at next opportunity because of insufficient reaction time, so T2 is 40~60ms long. 
· T3: Time in which the MS completes transmission of the PAN containing the feedback information = 10 (BSC and BTS processing time) + 10 (Abis) + 10 (Um) = 30ms; 

· T4 (10ms): BSC reaction time according to PAN, same as T4 in PB solution.

· T5 (30ms):10 (BSC and BTS processing time) + 10 (Abis) + 10 (Um) = 30ms, same as T4 in PB solution; 
· T6 (5ms): MS processing time, the same as that of the PB solution. 

So the total delay of downlink speech frame for PAN solution is 125~165ms (145 ms in average).
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Figure3 Delay budget for downlink RLC data block with the legacy solution used
According to the estimation, because T2 (waiting time for the transmission of PB) and T3 (transmission time of PB) in PB solution are shorter than those in legacy PAN solution, the total delay of the PB solution is shorter than that of the legacy solution. So if the legacy solution can meet the E2E delay requirement of VoIP service, this PB solution can meet this requirement more easily. 
The delay budget of uplink data blocks for FFCH solution in [4] can be concluded as below:

Because the TTI of FFCH block (interleaving on two TDMA frames) is same as the TTI of PAN in RTTI configuration, thus the delay budget of every step is same as that in PAN solution for downlink data blocks. So the total delay of FFCH solution is 135ms in average which is same as legacy PAN solution but a little longer than PB solution. 
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Figure4 Delay budget for downlink RLC data block with the FFCH solution used
2.2 Delay of Uplink RLC Data Block

Also in [1], the delay of the first uplink RLC data block after the MS leaving the DTX mode is estimated. In this section, it is compared with that of the legacy PAN solution. 
The delay budgets for the PB solution shown in figure 4 are listed as following: 

· T0: The moment voice activity is detected; 

· T1: Time for the MS to wait for the first PTCCH/U or Idle frame, which is 0~60ms long (30ms in average) and already includes 5ms PB transmission time; 

· T2: Time in which the MS completes transmission of the PB = 5 (Abis) + 5 (BTS and BSC processing time) = 10ms; 

· T3: Time for the network to process PB and generate USF for the MS and 10ms is assumed; 

· T4: Time in which the BSS completes transmission of USF = 10 (BSC and BTS processing time) + 10 (Abis) + 10 (Um) = 30ms; 

· T5: Time in which the MS completes initial transmission of the UL RLC data block containing the speech frame = 10 (BSC and BTS processing time) + 10 (Abis) + 10 (Um) = 30ms; 

· T6: Reaction time for the network to detect the uplink problem and generate the corresponding PAN and 10ms is assumed; 

· T7: 30ms, the same as T4; 

· T8: The reaction time for the MS to process the downlink PAN and it is 20ms as specified in 3GPP TS 45.010, Table 6.11.5.1; 

· T9: 30ms, the same as T5; 

· T10: Time at which the BSC has received the retransmitted UL RLC data block and is ready to start sending it over the A/Gb interface = 10ms (BSC processing). 
So the total delay of the first speech frame with one retransmission for PB solution is 180~240 (210ms in average). 
[image: image5.wmf]MS

BTS

BSC

T0

T1=30ms

PB

T2=10ms

PB

T3=10ms

USF

T4=30ms

USF

UL RLC Data

UL RLC Data

T5=30ms

T6=10ms

PAN

T7=30ms

PAN

T8=20ms

UL RLC Data

UL RLC Data

T9=30ms

T10=10ms

Tsum=210ms


Figure 5 Delay budget for uplink RLC data block with the PB solution supported
The delay budgets for the PAN solution shown in figure 5 are listed as following: 
· T0: The moment voice activity is detected; 

· T1: Time in which the speech frame is available at the RLC layer = 40ms (packing time of 2 AMR frames) + 15ms (encoding time) = 55ms; 
· T2: Time for the MS to wait for the uplink radio block scheduled and it is assumed that USF is scheduled every 40ms for the MS; 

· Note: If the MS can not finish the preparation of a new uplink speech frame before receiving the USF, the MS has to wait till the next USF opportunity to transmit this speech frame. So longest delay for (T1 + T2) is 95ms, while the shortest (T1 + T2) is 55ms. Then average delay of (T1 + T2) is 75ms. 

· T3, T7: UL data transmission time, equals 30ms respectively as same as T5, T9 in PB solution;

· T5, PAN (with USF) transmission time 30ms,same as T7 in PB solution;

· T4:NW reaction time, equals 10ms, same as T6 in PB solution;

· T6:MS reaction time, equals 20ms, same as T8 in PB solution; 
· T8: BSC processing time, equals 10ms, same as T10 in PB solution. 
So the total delay of the first speech frame with one retransmission for PAN solution is 185~225 (205ms in average). 
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Figure 6 Delay budget for uplink RLC data block with the legacy PAN solution used
According to this estimation, the PB solution has a similar delay as that of the legacy PAN solution. It is should be pointed out that for the first speech frame both solutions cannot meet the requirement of 300ms delay after the MS leaving the DTX mode. Note that this problem is not introduced by this PB solution. It is not clear if the first speech frame can bear a higher FER, and if not, some possible method can solve this problem, e.g. blind sending the first speech frame twice to ensure the low FER. 
The delay budget of uplink data blocks for FFCH solution in [3] can be concluded as below:

As shown in figure 6, in the average case that the MS gets the uplink transmission opportunity at T1’ endpoint which is 20ms after T0 and transmits the FFCH block with SAD （Service Activity Detection）indicator to the network. If USF is scheduled every 40ms, then 40ms later at T2’ endpoint, the MS can transmit uplink speech frame when it is well prepared at T1 endpoint which is 55ms after T0. That is the only difference between FFCH and PAN solution when counting the delay. So the first speech frame can be transmitted 60ms after T0 which is 15ms earlier than T2 end point in legacy PAN solution. So the total delay of FFCH solution for uplink data block is 190ms which is slightly shorter than PB and legacy PAN solution.[image: image7.emf]MS BTS BSC
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Figure 7 Delay budget for uplink RLC data block with the FFCH solution used

3 Conclusion
This paper analyzes the delay for PB solution, legacy PAN solution and FFCH solution. According to the delay estimation, the PB solution has a shorter delay in the downlink and a similar delay in the uplink compared with legacy PAN and FFCH solution with 40ms USF scheduling periodicity. Therefore, the delay is not a problem in the PB solution to support DTX for PS conversational services. 
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