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Additional Delay Analysis of PB, PAN and FFCH Solutions
1 Introduction
Currently there are discussions ongoing in GERAN on feedback channels in the UL aiming at conveying feedback (e.g. RLC Ack/Nack reports and DTX information) from the MS to the network in a faster and/or less resource demanding manner than what is possible today using legacy procedures such as FANR. 

Two concepts are currently on the table:

1. Fast Feedback Channel (FFCH) was first presented by Ericsson at GERAN#43 in [4]. An alternative configuration of the FFCH than the one evaluated in [4] has also been proposed in [6].

2. Piggy-Backed (PB) solution presented by Huawei in e.g. [2]. 

In [5], a delay analysis and comparison is done for the PB solution, the legacy FANR solution as well as the FFCH solution. 

It is the view of the sourcing company that [5] contains assumptions whereupon many of the calculations done are biased in favour of the PB solution. More specifically it is in [5] e.g. assumed that:

· The MS reaction time from when a radio block is received in the downlink by the MS until the corresponding Ack/Nack report may be sent is assumed to be 20ms for both FANR and FFCH in accordance with Table 6.11.5.2 in 3GPP TS 45.010. At the same time a MS Reaction Time is assumed to be ~5ms, thus much faster for the PB solution.

· The scheduling interval for ‘normal’ USFs, as e.g. needed by FANR to sent PANs, is assumed to be 40ms. To decrease the delay budget further, this value could very well be reduced to e.g. 10ms if RTTI is used. Likewise, the scheduling interval for the shared USF for the FFCH is assumed to be 20ms. This value could be reduced to e.g. 10ms if RTTI is used. (See [4] for details)

Because of this, this paper provides an equivalent analysis, from what is believed to be, a more objective perspective.
2 Discussion
2.1 Mobile Station Reaction Times and Wait Time until UL Scheduling
In [5] it is assumed that the MS reaction time from when a radio block is received in the downlink by the MS until the corresponding Ack/Nack report may be sent is ~5ms for the PB solution. At the same time is assumed that the very same MS reaction time both FANR and FFCH is 20ms in accordance with Table 6.11.5.2 of 3GPP TS 45.010. This is an unjust comparison, since any MS capable of reacting within 5ms using the PB solution could respond just as fast for FANR and FFCH, given that the 3GPP TS 45.010 is updated accordingly. 
These refined assumptions are illustrated in Figure 1 later on, in which it is illustrated the lowest possible delay with which the respective uplink message (PB, PAN or FANR) can be generated. This value should, according to the above reasoning, be the same for each feedback type (PB, PAN or FFCH) - namely the assumed 5.77ms. 
Another assumption from [5] is that the MS is UL scheduled with a USF every 40ms only, which means that any PAN may only be transmitted every 40ms. This is a reasonable assumption in a scenario where a number of users are multiplexed. In such a scenario however, it could also be questioned, when the PB solution is used, if the PB bursts sent from the multiplexed users will have quite a significant risk of interfering with each other. This risk is diminished if considering a single user scenario. In such a scenario, it is clearly possible for the network to schedule the MS in the uplink e.g. every 20ms or even every 10ms if RTTI is used for the legacy USF value used e.g. needed by FANR and also for the shared USF used for FFCH. 


The total waiting time until the next possible transmission can take place using either of the solutions (PB, PAN or FFCH) can be calculated in the following manner:

· For PB in BTTI mode:

· 1/3 of all received radio blocks in the downlink will be immediately followed by an idle frame or a PTCCH/U frame. This means that the PB burst may be sent immediately afterwards with no extra waiting time. 
· 1/3 of all received radio blocks in the downlink will have to wait 4TDMA frames until the next idle frame or a PTCCH/U frame. This means that the PB burst may be sent 4TDMA frames, i.e. 4*4.62ms=18.4ms later.

· 1/3 of all received radio blocks in the downlink will have to wait 8TDMA frames until the next idle frame or a PTCCH/U frame. This means that the PB burst may be sent 8TDMA frames, i.e. 9*4.62ms=36.9ms later.

· This means that the time from when the last burst of the downlink block is received until the PB burst can be transmitted will be

· minimum 5.77ms
· maximum 5.77ms+36.9ms=42.7ms.

· in average 5.77ms+(0+18.4+36.9)/3=24.2ms

· For PAN and FFCH in BTTI mode:

· 1/3 of all received radio blocks in the downlink will be immediately followed by an idle frame or a PTCCH/U frame. This means that the PAN/FFCH burst may be sent 1TDMA frame, i.e. 4.62ms, later.

· 2/3 of all received radio blocks in the downlink will be immediately followed by the transmission of an radio block (PAN) or an uplink FFCH message, and thus with no extra waiting time.

· This means that the time from when the last burst of the downlink block is received until the PB burst can be transmitted will be

· minimum 5.77ms

· maximum 5.77ms+4.62ms=10.4ms
· in average 5.77ms+(10.4+2*0)/3=7.3ms
Similar calculations can be done for the PB/PAN/FFCH in the case RTTI is used, as illustrated to the right in Figure 1 on the following page. 
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Figure 1 - MS Reaction Times for PB, PAN and FFCH in both BTTI and RTTI configuration. Included in the figure are the processing times (red text), the transmission times (blue text) and tthe total waiting times from the last received burst of the downlink radio block until the first burst of the PB, PAN or FFCH may be transmitted, thus processing time plus potential wait for uplink transmission opportunity (black text).
The maximum, minimum and average values for the this total waiting time is then summarized in Table 1 below, which will be denoted ‘f’ in the calculations made in subsequent sections. Note that these values do not include the actual transmission time for the respective transmission type (PB, PAN and FFCH), which is shown in blue text in Figure 1 above, and which will be denoted ‘g’ in subsequent sections.
Table 1 - The total waiting times (Min, Max and Average) from when the last burst of the downlink radio block is received until the first burst of the PB, PAN or FFCH may be transmitted in both BTTI and RTTI scenarios.
	
	BTTI
	RTTI

	Value [ms]
	PB
	PAN
	FFCH
	PB
	PAN
	FFCH

	Min
	5.8
	5.8
	5.8
	5.8
	5.8
	5.8

	Max
	42.7
	10.4
	10.4
	52.0
	10.4
	10.4

	Average
	24.2
	7.3
	7.3
	28.8
	6.5
	6.5


2.2 Delay of Downlink RLC Data Block
In this section, the total delay from when an incoming downlink data block is first transmitted from the network until it is correctly received in the mobile station side, if assuming that the first transmission attempt fails and thus that a retransmission needs to be triggered. The typical delay chain will then be as  shown in Figure 2 below.
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Figure 2 Delay budget for transmission of downlink data block in the case when one retransmission is needed.
The total delay for this scenario, as depicted in Figure 2 above, will thus be:

Total Delay = a+b+2*(c+d)+2*e+f+g+(h+i)+j+k 
(Equation 1)

The total delays (min, max and average) for the different scenarios (BTTI and RTTI) and the different solutions (PB, PAN and FFCH) are calculated according to Equation 1 above and presented in Table 2 below together with the values of the parameters a through k used in these calculations. 
Table 2 - The total delay budget for a downlink transmission (Min, Max and Average) including one retransmission together with the individual parameter values used in these calculations (see Figure 2 and Equation 1 for details).
	
	BTTI
	RTTI

	Value [ms]
	PB
	PAN
	FFCH
	PB
	PAN
	FFCH

	a 
	5
	5
	5
	5
	5
	5

	b [Min/Max/Avg.]
	0/20/10
	0/20/10
	0/20/10
	0/10/5
	0/10/5
	0/10/5

	c+d
	20
	20
	20
	10
	10
	10

	e
	20
	20
	20
	10
	10
	10

	f (see section 2.1)

[Min/Max/Avg.]
	5.8/42.7/24.2
	5.8/10.4/7.3
	5.8/10.4/7.3
	5.8/52.0/28.8
	5.8/10.4/6.5
	5.8/10.4/6.5

	g (see section 2.1)
	0.58
	14.42
	9.81
	0.58
	5.77
	5.19

	h+i
	5
	5
	5
	5
	5
	5

	j
	20
	20
	20
	10
	10
	10

	k
	5
	5
	5
	5
	5
	5

	Total [Min]
	121.38
	135.22
	130.61
	71.38
	76.57
	75.99

	Total [Max]
	178.28
	159.82
	155.21
	127.58
	91.17
	90.59

	Total [Average]
	149.78
	146.72
	142.11
	99.38
	82.27
	81.69


As can be seen from the total times presented in the lower end of Table 2 above, the delay budget for this scenario in e.g. the RTTI case is for the PB solution 71~127ms (99ms in average), for the PAN solution 77~91ms (82ms in average) and for the FFCH 76~91ms (82ms in average). Thus the performance of the PAN solution is in this scenario actually better than that of the PB solution, in contrast to what is stated in [5] by 17ms in average whereas FFCH is even slightly faster by 1ms, thus being in average 18ms faster than PB. 


Of course it should be noted that this is in a non-multiplexed scenario. If instead assuming that two users are multiplexed on the same resources in both UL and DL, then the numbers will be as in Table 3 below. The red text indicates the extra scheduling delay being imposed by the extra scheduling delay due to multiplexing.
Table 3 - The total delay budget for a downlink transmission (Min, Max and Average) including one retransmission together with the individual parameter values used in these calculations (see Figure 2 and Equation 1 for details) in the case of two multiplexed users. The red numbers represent additional scheduling delay due to multiplexing.
	
	BTTI
	RTTI

	Value [ms]
	PB
	PAN
	FFCH
	PB
	PAN
	FFCH

	a 
	5
	5
	5
	5
	5
	5

	b [Min/Max/Avg.]
	0/20/10+20
	0/20/10+20
	0/20/10+20
	0/10/5+10
	0/10/5+10
	0/10/5+10

	c+d
	20
	20
	20
	10
	10
	10

	e
	20
	20
	20
	10
	10
	10

	f (see section 2.1) 
[Min/Max/Avg.]
	5.8/42.7/24.2
	5.8/10.4/7.3

+20
	5.8/10.4/7.3 


	5.8/52.0/28.8
	5.8/10.4/6.5

+10
	5.8/10.4/6.5

	g (see section 2.1)
	0.58
	14.42
	9.81
	0.58
	5.77
	5.19

	h+i
	5
	5
	5
	5
	5
	5

	j
	20+20
	20+20
	20+20
	10+10
	10+10
	10+10

	k
	5
	5
	5
	5
	5
	5

	Total [Min]
	161.38
	195.22
	170.61
	91.38
	106.57
	95.99

	Total [Max]
	218.28
	219.82
	195.21
	147.58
	121.17
	110.59

	Total [Average]
	189.78
	206.72
	182.11
	119.38
	112.27
	101.69


Still, it is evident that especially the FFCH solution outperforms both the PAN as well as the PB solution. Again, this is in contrast to what is stated in [5].
2.3 Delay of Uplink RLC Data Block
In this section, the delay of the first uplink RLC data block after the MS leaves DTX mode is estimated in a similar manner as was done for the downlink transmissions in the previous section. It is assumed that the first transmission attempt is unsuccessful, and thus that one retransmission is required. The typical delay chain for this scenario is shown in Figure 3 below, which differs slightly between the PAN solution compared to the PB and FFCH solutions. The reason for this is, in analogy with what is done in [5], that an assumption is made that as soon as the MS detects voice activity in its speech encoder, the MS will be able to indicate this to the RLC layer that may trigger the transmission of a PB burst / a FFCH message. This assumption is breaking the protocol layer independency, but is nevertheless deemed as being both beneficial as well as being fully MS implementation dependent. If this is not allowed, then much of the benefit of being able to indicate when the MS leaves DTX is lost since the time to pack the speech frames as well as the encoding delay needs to be added to these cases. Therefore, in the rest of this section, it is assumed that this inter-protocol signalling between these protocol layers are possible.
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Figure 3 Delay budget for uplink RLC data block including the voice activity detection / DTX signalling 
for PAN (left) and PB/FFCH (right).
The total delay for this scenario as depicted in Figure 3 above will for thus be:

Total Delay for PAN = x+f_low+2*y+2*(h+i)+j+(c+d)+e+f_high+a (Equation 2)

Total Delay for PB/FFCH = max(x,f+g+h+i+j+c+d+e+f_high) +2*y+2*(h+i)+j+(c+d)+e+f_high+a (Equation 3)


The total delays (min, max and average) for the different scenarios (BTTI and RTTI) and the different solutions (PB, PAN and FFCH) are calculated according to Equation 1 and Equation 2 above and presented in Table 4 on the following page together with the values of the parameters used in these calculations. 
Table 4 - The total delay budget for uplink transmission (Min, Max and Average) including the individual parameter values used in these calculations (see Figure 3, Equations 2 and Equation 3 for details). It is assumed that the low USF scheduling rate is once every 120ms and the high is every TTI.
	
	BTTI
	RTTI

	Value [ms]
	PB
	PAN
	FFCH
	PB
	PAN
	FFCH

	a 
	5
	5
	5
	5
	5
	5

	c+d
	20
	20
	20
	10
	10
	10

	e
	20
	20
	20
	10
	10
	10

	f [Min/Max/Avg.]
	5.8/42.7/24.2
	-
	5.8/10.4/7.3
	5.8/52.0/28.8
	-
	5.8/10.4/6.5

	f_ low
	-
	5.8/10.4/7.3 +100
	-
	-
	5.8/10.4/6.5
+100
	-

	f_ high
	5.8/10.4/7.3
	5.8/10.4/7.3
	5.8/10.4/7.3 
	5.8/10.4/6.5
	5.8/10.4/6.5
	5.8/10.4/6.5

	g
	0.58
	-
	9.81
	0.58
	-
	5.19

	h+i
	5
	5
	5
	5
	5
	5

	j
	20
	20
	20
	10
	10
	10

	x
	40+15
	40+15
	40+15
	40+15
	40+15
	40+15

	y
	14.42
	14.42
	14.42
	5.77
	5.77
	5.77

	Total [Min]
	186.82
	270.44
	196.05
	117.34
	223.14
	117.34

	Total [Max]
	232.92
	279.64
	209.85
	164.92
	232.34
	127.93

	Total [Average]
	208.22
	273.44
	200.55
	133.92
	225.34
	118.04


As can be seen from Table 4 above, the delay performance in this scenario is much better for both the PB and the FFCH solutions since the MS in those cases is able to signal when it leaves DTX mode as discussed earlier. From the total times presented in the lower end of Table 4 above, the delay budget for this scenario in e.g. the RTTI case is for the PB solution 117~165ms (134ms in average), for the PAN solution 223~232ms (225ms in average) and for the FFCH 117~128ms (118ms in average). Again the FFCH performs better than the PB solution, in contrast to what is stated in [5] by approximately 16ms in average. 

3 Additional Discussion on PB vs. FFCH 

Apart from what so far have been highlighted and shown in this paper, there are at least two additional quite important differences between the PB and the FFCH solutions that will impact the delays as calculated in this paper, both which have already discussed in [4] and [1]. For additional comparisons, please see [1] as well as Section 6 of [4].
3.1 The Ack/Nack bitmap
The Ack/Nack Bitmap used in the PB solution is only 3 bits. This does not allow for any SSN to be included as is the case for e.g. in a PAN, and thus some kind of time-based approach is needed. It has so far not been explained by Huawei in any document how this bitmap shall be used: On RLC Block level? On Radio Block level? On TTI level? If going for the first option (on RLC block level) then the only 3 blocks can be covered. This means that for each 60ms period, only three RLC blocks may be indicated, which e.g. forces each MS to send PB bursts every idle or PTCCH/U frame if a 20ms voice framing interval is used, which in turn will increase the collision probability because of an increased number of PB bursts in the air. If any of the latter options (on Radio Block or TTI level), then this will surely result in a waste of downlink resources, since the erroneous RLC blocks cannot be indicated individually, and thus correctly received blocks may still be retransmitted by the network.
FFCH, on the other hand, allows for using identical Ack/Nack procedures as for the PAN. This means that Ack/Nacks are sent explicitly indicating individual RLC Blocks using the already existing SSN based approach for PANs, and thus that existing functionality already defined for PAN can be re-used for FFCH. None of the above listed problems for PB thus exists for the FFCH.
3.2 Erroneous PB burst vs. Erroneous FFCH message

As discussed in [1], the impact of a lost PB burst transmitted by the MS will have a very negative impact on the delays, since the MS will then have to wait until the next idle or PTCCH/U frame until it may transmit a new PB burst, thus adding 60ms to any delay calculation. Also, because of the very limited size of the Ack/Nack bitmap in the PB burst as discussed in the previous section, this next PB burst will in any case not be able to indicate the reception status of the RLC blocks in that 60ms interval, but rather has to first of all cover the RLC blocks in the latest 60ms interval. This implies that either a fall-back to e.g. PANs are needed or that the network has to implicitly assume a negative acknowledgement for these earlier RLC blocks and blindly retransmit them, thus yet again resulting in wasted downlink resources.
In case of a lost FFCH message on the other hand, the impact of will be that the MS has to transmit a FFCH message the next time the FFCH is scheduled for the MS, thus typically adding another 0-40ms dependent on the degree of multiplexing. But, since being a dedicated resource there is no increased collision probability. Also, since the FFCH message contains an SSN, the network needs do no implicit assumptions of what has been lost or not on the downlink, but will have that information provided in the subsequent FFCH message. 
4 Conclusion
In Section 2 of this paper, delay calculations similar to those made in [5] have been done. The calculations made in that paper were however seemingly biased in favour of the PB solution over PAN and FFCH. The delay calculations made in this very paper however, shows that the performance of the FFCH is in many cases better than that of the PB solution and never worse. Therefore, and also because of the shortcomings of the PB solution as discussed in Section 3 as well as those discussed in [4], it is concluded that the FFCH approach as presented in [4] would be a better way forward in 3GPP for the continued work on conveying DTX and Ack/Nack information from the MS to the network in a faster manner than is possible today.
More input on FFCH, including simulation results and the corresponding CRs, are expected to be provided by Ericsson to the GERAN#44 meeting 16-20 November 2009.
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