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MS Delays When Leaving DTX
1 Introduction

The issue of how to achieve acceptable delay performance when an MS is in DTX mode has been discussed previously in [1] in an attempt to determine if Piggyback Burts (PB) sent using PTCCH/U and Idle frames provide a sufficiently fast mechanism for an MS to:

· Respond to problematic RLC data blocks received on the DL (i.e. triggering retransmission of problematic RLC data blocks received on the DL).

· Respond to e.g. newly available uplink user plane payload by sending a Voice Activity Detection indication to trigger the resumption of normal USF scheduling.

The timing details are further considered herein in an attempt to better quantify the performance of the PB based scheme in light of supporting low delay services (i.e. end to end delay not to exceed 300ms).

2 Problematic Downlink RLC Data Block

This scenario considers the case where an MS in DTX mode detects a problematic DL RLC data block and uses a PB to notify the BSS of the need for a DL retransmission.

· T0: A speech frame arrives at the BSS.

· T1: Time at which the BSS completes initial transmission of the DL RLC data block containing the speech frame = 10 (BSC processing of speech frame) + 10 (Abis) + 10 (Um) = 30ms.
· T2: Time at which the MS in DTX mode detects a problem with the received DL RLC data block = 5ms (MS processing).
· T3: Time for MS to generate a PB burst containing Nack information reflecting DL problem (i.e. event based FANR is assumed) = 5ms (starts at T2).

· T4: Time (average) from when an MS starts looking for a PTCCH/U or Idle frame until it finds one = 30ms (starts at T2). Note that T3 implies that a PTCCH/U or Idle frame occurring earlier than 10ms after T2 will not be useable by the MS and will result in another 60ms of delay.
· T5: Time for the BSS to receive the uplink PB burst corresponding to the problematic DL RLC data block (assuming the MS wins the PB contention event) = 5 (single PB burst on Um) + 10 (Abis) = 15ms.
· T6: Time for the BSS to process the PAN and be ready to retransmit the corresponding DL RLC data block = 30 ms.
· T7: Time at which the BSS completes retransmission of the problematic RLC data block = 10 (Abis)+ 10 (Um) = 20ms.
· T8: 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).
This sequence of time elements is captured in Figure 1 below. The total nominal delay = T1 + T2 + T4 + T5 + T6 + T7 + T8 = 135ms. 
· If the first PB occurs earlier than 5ms after T2 (which will occur 17% of the time) there will be an additional delay of up to 60ms (when PB occurs just before T3) resulting in a total delay of 195ms.

· If the first PB occurs 60ms after T2 (the worst case) there will be an additional delay of 30ms resulting in a total delay of 165ms.

· If the MS does not win the PB contention event occurring at T4 it will realize this no sooner that 70ms after T4 (i.e. the MS detects the lack of the retransmitted RLC data block at T7 + 5ms) at which point it will then try again using the next PB contention event which occurs at T4 + 120ms (the PB at T4 + 60ms occurs too early for the MS to use) which results in a total delay of 135 + 120 = 255ms.
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Figure 1 – Time Elements for Problematic DL RLC Data Block
3 Problematic Uplink RLC Data Block

This scenario considers the case where an MS in DTX mode detects renewed uplink activity, sends a VAD to the BSS using a PB, sends an RLC data block to the BSS which sends the MS a PAN indicating a problematic UL RLC data block has been received.

· T0: The point at which VAD is detected by the MS (e.g. 5ms after an idle user starts talking again).
· T1: Time for MS to generate and be ready to transmit a PB burst containing a VAD indication = 5ms (starts at T0).
· T2: Time (average) from when an MS starts looking for a PTCCH/U or Idle frame until it finds one and starts sending a PB = 30ms (starts at T0). Note that T1 implies that a PTCCH/U or Idle frame occurring earlier than 5ms after T1 will not be useable by the MS and will result in another 60ms of delay.
· T3: Time for the BSS to receive the VAD in the PB (assuming the MS wins the PB contention event) = 5 (single PB burst on Um) + 10 (Abis) = 15 ms.
· T4: Time for the BSS to process the PB and adjust the periodicity of USFs for the corresponding MS = 30 ms.
· T5: Time at which the MS detects its corresponding USF and begins transmitting the UL RLC data block containing the speech frame = 20ms (USF reaction time).
· T6: Time to transmit the UL RLC data block = 10 (Um) + 10 (Abis) = 20ms.
· T7: Time for the BSS to process the RLC data block, detect a problem with it and be ready to transmit the corresponding PAN on the DL = 30 ms.
· T8: Time at which the BSS completes transmission of the DL RLC data block including the PAN (indicating the problematic UL RLC data block) = 10 (Abis)+ 10 (Um) = 20ms.
· T9: Time at which the MS receives the DL RLC data block including the PAN indicating the problematic UL RLC data block and is ready to retransmit the problematic UL RLC data block = 20ms (PAN reaction time, starts at T8).
· T10: Time at which the MS detects its corresponding USF and begins retransmitting the problematic UL RLC data block containing the speech frame = 20ms (USF reaction time, starts at T8). Note that it is assumed the USF is sent in the same DL radio block as the PAN indicating the problematic UL RLC data block, and that the PAN reaction time will be fast enough to allow the MS to retransmit the problematic UL RLC data block using that USF.
· T11: Time for the BSC to receive the retransmitted UL RLC data block = 10 (Um) + 10 (Abis) = 20ms.
· T12: 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)

This sequence of time elements is captured in Figure 1 below. The total nominal delay = VAD + T2 + T3 + T4 + T5 + T6 + T7 + T8 + T10 + T11 + T12 = 220ms. 
· If the first PB occurs earlier than 5ms after T1 (which will occur 17% of the time) there will be an additional delay of up to 60ms (when PB occurs just before T1) resulting in a total delay of 280ms.
· If the first PB occurs 60ms after T1 (the worst case) there will be an additional delay of 30ms resulting in a total delay of 250ms.
· If the MS does not win the PB contention event occurring at T2 it will realize this no sooner that 55ms after T2 (i.e. the MS detects the lack of a USF at T4+10ms) at which point it will then try again using the next PB contention event occurring at T2 + 60ms which will result a total delay of 220 + 60 = 280ms.
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Figure 2 – Time Elements for Problematic UL RLC Data Block

4 Discussion and Conclusions

The problematic DL RLC data block cases demonstrates that an MS in DTX must win the first PB contention event in order to achieve the possibility of 1 retransmission of a problematic DL RLC data block within 135ms (nominal). 
· This represents a large portion of the 300ms delay budget but can be viewed as marginally acceptable. 
· However, should the MS not win the first PB contention event and then subsequently wins the second PB contention event then the overall MS – BSS delay will be no less than 255ms which represents an unacceptably large portion of the 300ms end to end delay budget.
The problematic UL RLC data block cases demonstrates that an MS in DTX must win the first PB contention event in order to achieve the possibility of 1 retransmission of a problematic UL RLC data block within 220ms (nominal). 
· This represents a large portion of the 300ms delay budget to the point where it can be considered as unacceptable. 
· In addition, should the MS not win the first PB contention event and then subsequently wins the second PB contention event then the overall MS – BSS delay will be no less than 280ms which represents an unacceptably large portion of the 300ms end to end delay budget.

As such, a critical aspect of the proposed PB feature is the probability of an MS winning the first PB contention event when the total demand for PB transmission opportunities is determined by:
· A maximum of “X” MS using a given uplink channel/carrier that allows for reduced DTX recovery time using the PB burst transmission feature.
· An MS detecting a problematic DL RLC data block when event based FANR is enabled.

· An MS detecting a VAD condition as a result of renewed UL payload availability in the MS.

Given this set of events we have concern over whether or not the probability of collision during any given PB contention event will be negligible and as such would like to spend more time evaluating this internally. We expect to provide additional input by GERAN #43.
5 References

[1]

GP-090088 Performance evaluation of supporting DTX for conversational service,  
Huawei Technologies Co. Ltd., GERAN #41
