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Faster Detection of Resumed Uplink Speech
1.
Introduction

The ongoing latency reduction effort within TSG GERAN includes an interest in finding ways to reduce the delays associated with time sensitive PS services such as VoIP. One challenge that exists is the case where an MS is in uplink DTX mode and the BSS may be scheduling USF based transmission opportunities at a reduced rate that trades off the ability of the BSS to quickly react to MS resumption of uplink speech activity and wasting uplink bandwidth for the case where the MS has no uplink speech payload to send. 
2.
Resumption of Speech in DTX Mode
While an MS is in DTX mode the VAD (voice activity detector) continually attempts to discern the presence of renewed uplink speech activity. The VAD makes this determination at some point T = Tvad occurring within the interval spanned by any given speech frame (e.g. a 40ms speech sample). 
Note: According to Table 7.1 of 26.114 it seems RTP frames carrying speech should nominally include 40ms of speech when EGPRS is used.

However, the full speech frame (sample) during which Tvad occurs must become available sufficiently in advance of the next USF based transmission opportunity (i.e. Tuto2) so that it’s actual transmission can begin in the corresponding uplink radio block. Otherwise, the MS will experience the condition of knowing that uplink speech activity has resumed but must wait until the next uplink transmission opportunity (i.e. Tuto3) to begin sending the speech frame. This is further demonstrated in Figure 1 below where the following assumptions are made:

· The BSS considers the MS to be in extended uplink TBF mode and schedules its corresponding USF every second radio block period (every 64 timeslots without any Idle frame or PTCCH frames or 72 timeslots when one of these frames is present)

· The uplink TBF operates in BTTI mode has been assigned timeslot 7 (and USF therefore operates in BTTI mode).

· Tvad (voice activity detected) = the point between two successive uplink transmission opportunities at which the VAD determines that uplink speech has been resumed.

· Tsfc (speech frame complete) = the point between two successive uplink transmission opportunities at which the speech frame (intersecting with Tvad) is completed and therefore may be prepared (e.g. channel coded) for transmission. 

· Tsfp (speech frame preparation) = the amount of time the MS requires to take a completed speech frames and prepare for transmission in an uplink radio block (assumed to be 32 timeslots).

· Tsor (standard offset reference) = the time from the end of timeslot 7 in the last TDMA frame of downlink radio block N and the start of timeslot 7 in the first TDMA frame of uplink radio block N+1 (i.e. 10 timeslots = 5.77ms).

· Tuto (uplink transmit opportunity) = the uplink transmit opportunity corresponding to a given USF.

· Tvad may occur at any point between two successive uplink transmission opportunities. However, the corresponding Tsfc must occur no later than Tsfp prior to the next uplink transmission opportunity (e.g. Tuto2) for the MS to begin sending the new speech frame at that time.
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Figure 1: BTTI TBF - Basic Window of Vulnerability
Looking at Figure 1 we can see the following:
· If Tvad occurs anywhere in the red zone the MS will not be able to begin sending the corresponding speech frame at Tuto2 even though it may be completed prior to Tuto2.
· If Tvad occurs anywhere in the green zone and the corresponding speech is also completed in the green zone then the MS will be able to begin sending the corresponding speech frame at Tuto2.
· This means that at best the MS will, after detecting the resumption of uplink speech between any two successive uplink transmission opportunities, only be able to begin sending the corresponding speech frame at Tuto2 half of the time 
Note: This assumes a typical preparation time of 32 TS (i.e. 18.46 ms) once a new RTP frame has become available at the RLC layer. MS implementations that require less preparation time will of course have a smaller window of vulnerability.
· Should this occur it means there will be a delay of another two uplink radio blocks before the MS can begin sending the new uplink speech frame and thereby inform the BSS that normal USF scheduling should be resumed.  
3.
Enhanced Indication of Uplink Voice Activity

The probability for the MS experiencing a delay in informing the BSS of resumed uplink speech activity described in section 2 can be mitigated by allowing Tvad to occur within some portion of the red zone of Figure 1 and still allow the MS to use Tuto2 to send the BSS an indication that uplink speech has resumed. This can be accomplished as follows:

· The MS can create two versions of an Uplink Dummy Control Block and keep each of them on hot standby (i.e. the PACCH message has been created, coded and punctured).
· A normal version of an Uplink Dummy Control Block is created with normal (non-inverted) BCS bits as per legacy operation and a second version of an Uplink Dummy Control Block is created with inverted BCS bits.

· When received by the BSS, the normal version of an Uplink Dummy Control Block indicates that the MS continues to have no new uplink speech activity and the BSS can therefore continue scheduling of matching USFs with a frequency that reflects DTX mode. 
Note: it is optional for the MS to send an Uplink Dummy Control Block when the MS has nothing to transmit as it can instead transmit nothing.
· The second version of an Uplink Dummy Control Block (inverted BCS bits) indicates that the MS has detected new uplink speech activity (i.e. DTX has ended) and the BSS should therefore increase the frequency of scheduling matching USFs as needed to support the transmission of uplink speech frames.

· Because both versions of these Uplink Dummy Control Blocks are kept on hot standby, the MS may still react to Tvad occurring after Tuto1 + 32 TS and still send something (i.e. the Uplink Dummy Control Block with inverted BCS bits) in uplink transmit opportunity Tuto2 as shown in Figure 2.


	RB N
	RB N+1
	RB N+2
	RB N+3
	RB N+4
	RB N+5
	RB N+6
	RB N+7
	… DL

	RB N
	RB N+1
	RB N+2
	RB N+3
	RB N+4
	RB N+5
	RB N+6
	RB N+7
	… UL






Figure 2: BTTI TBF - Reduced Window of Vulnerability
Looking at Figure 2 we can see the following:

· If Tvad occurs anywhere in the red zone the MS will not be able to begin sending the corresponding speech frame at Tuto2 even though it may be completed prior to Tuto2.
· If Tvad occurs in the green zone between [Tuto1 + 32 TS] and [Tuto2 – 10 TS] then the MS will be able to begin sending an Uplink Dummy Control Block with inverted BCS bits at Tuto2.
· For the example chosen, this represents a 34% improvement (22/64) over legacy operation regarding an MS (that has detected the resumption of uplink speech) being able to use Tuto2 to begin sending the BSS something that indicates normal USF scheduling should be resumed.

· For larger USF spacing the improvement would be smaller (e.g. 22% improvement (22/96) for USFs scheduled every third radio block during extended uplink TBF mode) but still significant considering practical USF strategies that may be employed during DTX mode.

Note: There will be some practical limits on how large the USF spacing can be in Extended Uplink TBF mode given the low transfer delay requirements of some PS services.
3.
RTTI TBF Example

In this example the following is assumed:

· The BSS considers the MS to be in extended uplink TBF mode and schedules its corresponding USF every fourth radio block period (every 128 timeslots without any Idle frame or PTCCH frames or 136 timeslots when one of these frames is present)

· The uplink TBF operates in RTTI mode has been assigned timeslots 6 and 7  and the corresponding BTTI USF is sent in TS 6.

· Tvad, Tsfc, Tsfp, Tsor and Tuto have the same meaning as per the BTTI TBF example.

· Tvad may occur at any point between two successive uplink transmission opportunities. However, the corresponding Tsfc must occur no later than Tsfp prior to the next uplink transmission opportunity (e.g. Tuto2) for the MS to begin sending the new speech frame at that time.

· Figure 3 shows the basic window of vulnerability without any enhancements.

· Figure 4 shows the reduced window of vulnerability using the proposed enhancement. If Tvad occurs anywhere in the red zone the MS will not be able to begin sending the corresponding speech frame at Tuto2 even though it may be completed prior to Tuto2.

· If Tvad occurs in the green zone between [Tuto1 + 96 TS] and [Tuto2 – 10 TS] then the MS will be able to begin sending an Uplink Dummy Control Block with inverted BCS bits at Tuto2.

· For the example chosen, this represents a 17% (22/128) improvement over legacy operation. For larger USF spacing the improvement would be smaller.

Note: There will be some practical limits on how large the USF spacing can be in Extended Uplink TBF mode given the low transfer delay requirements of some PS services (e.g. 128 TS USF spacing = 4 * 18.46 = 74 ms).
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Figure 3: RTTI TBF - Basic Window of Vulnerability
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Figure 4: RTTI TBF - Reduced Window of Vulnerability
5.
Conclusion 

The “Faster Resumption of Uplink Transmissions” feature described herein allows for minimizing the time required for resuming uplink speech frame transmissions (i.e. by having the BSS resume the normal frequency of USFs) whenever an MS in DTX mode detects the presence of new uplink speech activity. 
· Though the distinction between the two types of Uplink Dummy Control Blocks described above is based on using either non-inverted or inverted BCS bits, the bits comprising the PACCH message header (i.e. the MAC header bits associated with an Uplink RLC/MAC control block) could alternatively be modified to convey an equivalent notification from the MS to the BSS. 
· Note that the enhancement proposed herein could also be used for resuming any uplink TBF for which quicker resumption of uplink transmission is desired for an MS in DTX mode.
· The potential improvements described in sections 3 and 4 are considered substantial enough to justify proceeding with a CR that introduces the option of an MS transmitting an Uplink Dummy Control Block with inverted BCS bits to indicate the imminent resumption of uplink speech activity.
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