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Analysis on channel utilization for PB and FFCH
1 Introduction
To support the DTX for PS voice in GERAN, Piggyback Burst (PB) solution [1] [2] and Fast Feedback Channel (FFCH) solution [3] [4] are proposed. Delay analysis for the uplink and downlink data is made in [5] and [6]. If the shared USF is scheduled every 40ms for FFCH solution, the delay is similar for both PB solution and FFCH solution. This paper emphasizes why DTX can not be supported in PS domain in current GERAN, and further analyzes on the uplink channel usage for PB and FFCH solution.
2 Purpose to support DTX in GERAN
DTX in GERAN in PS domain can not be supported because the MS has to be frequently scheduled to transmit uplink data or Ack/Nack information for the following reasons:

· For a mobile in DTX mode, it is required to be able to switch fast from DTX to non-DTX mode, i.e. leave DTX mode quickly when voice activity is detected. Because the network never knows when the uplink voice will be resumed, the uplink radio blocks have to be allocated very frequently so that voice data blocks could be sent to the network.
· To meet the 1% BLER requirement for VOIP, the network has to frequently schedule the uplink radio blocks to get the Ack/Nack for the downlink data by PAN or Packet Downlink Ack/Nack messages.
Therefore, a lot of uplink radio resource is waste for above two purposes. To save the uplink radio resource and simultaneously to feedback the downlink Ack/Nack and inform the voice activity as soon as possible, PB solution is proposed. In another word, to support the DTX in GERAN in PS domain, the main task is to save the uplink resource when the MS is in silence. 
3 Channel utilization for PB and FFCH
To save the resource when MS in silence, channel utilization is the main factor when evaluating the possible candidate solutions. Following is the comparison for the uplink channel usage for PB solution and FFCH solution. 
3.1 Channel utilization
Single User case:

Link performance for MCS-2 with/ without PAN and MCS-5 with/without PAN are simulation and the simulation results are shown in annex C. Detailed simulation assumptions are shown in annex A and annex B.
It is assumed that the VoIP client puts two AMR7.95 frames per IP packet, corresponding to 40ms of speech per IP packet. Further that ROHC is used (leading to an average header size of 4 bytes) together with 1 byte SNDCP header and 6 bytes LLC header. The resulting 55 (= 22 x 2 + 4 + 1 +6) bytes of RLC/MAC payload is then sent in two MCS-2 radio blocks or one MCS-5 radio block. 
Two different scenarios are considered corresponding to two different C/I conditions: 9dB (in this case RTTI MCS-2 is used) and 15dB (in this case RTTI MCS-5 is used). From the simulation results in annex C, the BLER can be concluded as shown in table 1.

Table 1 Simulation results for two wireless links and different C/I
	
	BLER (%)

	
	Noise limited
	Inference limited

	
	1 transmission 

without PAN
	1 transmission 

with PAN
	1 transmission 

without PAN
	1 transmission 

with PAN
	2 transmission 

without PAN
	2 transmission 

with PAN

	C/I= 9dB (MCS-2) 
	18
	25
	18
	28
	0.4
	0.7

	C/I= 15dB (MCS-5)
	-
	-
	16
	18
	3.2
	3.5


Assume that the VAF (Voice Activity Factor) = 0.5 and that no data block is sent in uplink during the silence period, i.e. VoIP is the only uplink application in the mobile. If the FFCH solution is used, it is assumed that one FFCH block is sent every 40ms during the silence period to feedback the error for the downlink or to indicate the VAD in the uplink. 
Based on the results in table 1, the usage of uplink channel can be calculated for the single user case. And the results of utilization for uplink channel for PB and FFCH is shown in table 2.
For MCS-2 case, the channel utilization is:

· Without DTX considered: 1.18 (21 x 1/22 x  (1 + 0.183)). 
· With DTX considered: 
PB solution: 0.59 (1.18 x 0.54 + 0 x 0.5) 
FFCH solution: 0.84 (1.18 x 0.54 + 21 x 1/45 x 0.5)
For MCS-5 case, the channel utilization is:
· Without DTX considered: 0.58 (21 x 1/42 x  (1 + 0.163)). 
· With DTX considered: 
PB solution: 0.29 (0.58 x 0.54 + 0 x 0.5). 
FFCH solution: 0.54 (0.58 x 0.54 + 21 x 1/45 x 0.5)
Note:
1. In RTTI configuration, two timeslots are occupied.

2. In MCS-2, one RTTI block can be sent every 20ms for 20ms voice data can be packed into one RTTI radio block. In MCS-5, one RTTI block can be sent every 40ms for 40mc voice speech data can be packed into one RTTI radio block.

3. BLER for 1 transmission without PAN is 0.18 in both noise limited and interference limited case for MCS-2. BLER for 1 transmission without PAN is 0.18 in interference limited case for MCS-5.
4. VAF= 0.5
5. Channel utilization percentages in RTTI configuration with USF scheduled every 40ms in the silence period.

6. BLER for 1 transmission without PAN is 16% in interference limited case for MCS-5.

7. Channel utilization percentage in RTTI configuration with USF scheduled every 40ms in the silence period.

Table 2 Simulation results for two wireless links and different C/I

	
	UL Channel Utilization (PDCH)   
	Gain of PB (PDCH)

	
	FFCH
	PB
	

	C/I= 9dB (MCS-2) 
	0.84
	0.59
	0.25

	C/I= 15dB (MCS-5)
	0.54
	0.29
	0.25


For PB solution, because of no uplink channel is required during the silence period, the channel utilization is much less than that of the FFCH solution. About 0.25 PDCH (43% gain) can be save when the channel quality is bad (MCS-2) and 0.25 PDCH (87% gain) can be save when the channel quality is good (MCS-5).

Multiple User case:

1) One user on the timeslot pair

If only one user has the VOIP service and assigned on the RTTI timeslot pair, this user will have to occupy the whole FFCH block to indicate the VAD and feedback the error to support the DTX. It means 3/4 of every FFCH block will be wasted and for the whole VOIP process. Moreover, in this case for 50% time, the MS is in DTX mode. And the channel utilization for FFCH is same as the PAN solution which is 0.25 (2 timeslot x 1/4 USF period x 0.5) and never be better than PB solution.

2) two users on the timeslot pair
a) For 25 % time, these two uses do talk, so no DTX mode (silence mode) will be triggered.

b) For 50 % time, only one user is in DTX mode. Channel utilization is 0.5(2 timeslot x 1/4 USF period) for FFCH same as PAN solution while 0 PDCH for PB solution.

c) For 25% time, these two users are both in DTX mode. Channel utilization is 1 (2 timeslot x 1/4 USF period x 2 users) PDCH for PAN solution and 0.5 (2 timeslot x 1/4 USF period) PDCH for FFCH solution, while 0 PDCH for PB solution.

In the scenario 2), FFCH can save 0.125 (0.25 x 0.5) PDCH compared with PAN solution, while PB solution can save 0.5 (0.5 x 0.5+ 0.25 x1) PDCH. The gain for PB is 75%.

3) three users on the timeslot pair
a) For 12.5 % time, these three uses do talk, so no DTX mode (silence mode) will be triggered.

b) For 37.5 % time, only one user is in DTX mode. Channel utilization is 0.5(2 timeslot x 1/4 USF period) for FFCH same as PAN solution while 0 PDCH for PB solution.

c) For 37.5% time, two users are in DTX mode. Channel utilization is 1 (2 timeslot x 1/4 USF period x 2 users) PDCH for PAN solution and 0.5 (2 timeslot x 1/4 USF period) PDCH for FFCH solution, while 0 PDCH for PB solution.

d) For 12.5% time, these three users are in DTX mode. Channel utilization is 1.5 (2 timeslot x 1/4 USF period x 3 users) PDCH for PAN solution and 0.5 (2 timeslot x 1/4 USF period) PDCH for FFCH solution, while 0 PDCH for PB solution.

In the scenario 3), FFCH can save 0.3125 (0.375 x 0.5 + 0.125 x 1) PDCH compared with PAN solution, while PB solution can save 0.75 (0.375 x 0.5+ 0.375 x 1 + 0.125 x 1.5) PDCH. The gain for PB is 58%.

3.2 Resource management
Shared USF scheduling in FFCH:

In [6], it is said that the network can control the scheduling period of the shared USF and the shared USF can be scheduled in a low rate (e.g. scheduled once every 120ms). But the network has no idea about when the MS wants to resume the uplink voice and never knows when the downlink error happens. So, it is an impossible mission for the network to always make the proper USF scheduling period. In this mentioned low rate case, if the FFCH block is scheduled longer than every 40ms (e.g. 60ms or longer), the end-to-end delay will not be achieved and the BLER of the voice speech will be higher than 1%.
Complexity and Flexibility on resource management
The FFCH burst structure is designed to support maximum four VOIP users simultaneously. In order to make full use of FFCH block, it will require all the MSs multiplexed on the same radio resource must support FFCH. Even all the MSs multiplexed on the same radio resource are FFCH capable MSs, but not all these MSs have the VOIP service at the same time. FFCH block is designed especially for DTX mode for VOIP, so there is not real data payload in FFCH block. For the service like FTP, Web browsing and etc, it is better to use FANR (PAN) mechanism to efficiently use the radio resource. Therefore, to make full use of FFCH, all users multiplexed on the same resource should have VOIP service simultaneously. Then the resource separation problem occurs, which will not be a good RRM strategy and require the BSS has the capability to differentiate the type of service and multiplex all the VOIP users on the same timeslots. The complexity increases and the flexibility are greatly reduced for a lot of legacy user will exist in the network for a long time when new functions are deployed. But PB solution does not have above drawbacks as described above. 

4 Conclusion

This paper clarifies why DTX can not be supported for VOIP in PS domain in GERAN. To support DTX, the main task is to save the uplink radio resource and simultaneously feedback the downlink Ack/Nack and inform the voice activity as soon as possible. Therefore the uplink channel utilization is the main factor when evaluating the possible candidate solutions. The channel utilization for PB and FFCH can be concluded as the following:

· From the simulation results (single user case), about 0.25 PDCH can be save for PB solution compared with FFCH solution in MCS-2 (43% gain) and MCS-5 (87% gain) respectively.

· The scheduling period of the shared USF for FFCH can not be longer than 40ms; otherwise the performance can not meet the VOIP BLER and E2E delay requirement. It is difficult for the BSS to be such smart to allocate shared USF at the immediate proper time.
· For multi-users, PB solution can save 0.5 PDCH while FFCH can save 0.125 PDCH, so the gain is 75% for PB in two user cases, PB solution can save 0.75 PDCH while FFCH can save 0.3125 PDCH, so the gain is 58% for PB in three users case. 

· To make full use of FFCH block, all users multiplexed on the same resource should support FFCH function and should have VOIP service simultaneously. Otherwise, resource waste will occur. Complexity increases for the BSS has to differentiate legacy MS between FFCH capable MS and discriminate the VOIP service from other ftp/web mail/web browsing service.
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Annex A: Link Level Simulation

The same parameter settings as in [7] are used: 

Table 3 Link Level Simulation parameter

	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference
	Co-channel

	Direction
	Downlink for MCS-2 and MCS-5

	
	Uplink for PB

	Antenna diversity
	Single Antenna

	Equalizer- 8PSK
	Decision Feedback Seq. Est. (DFSE)


Annex B: Protocol Level Simulation

The same parameter settings as in [8] are used: 
Table 4 Protocol Level Simulation

	Parameter
	Value
	Comment

	Radio Conditions
	TU3iFH, C/I 9dB and 15dB
	-

	RLC re-transmission scheme
	RLC non-persistent mode


	Limit to 1 retransmission for VoIP service

	AMR encoding delay
	40+15 = 55ms
	Only applicable to the VoIP cases.

40ms speech (2*AMR frames) packed into one IP packet plus 15ms processing time. 

	AMR decoding delay
	15ms
	Only applicable to the VoIP cases.

Processing time.

	Abis delay, UL/DL
	10/10
	Abis improvement from today’s 20 ms.

	TTI
	10ms
	Applicable both to data and RLC/MAC control signaling.

	Application data to Um synchronization, UL/DL
	0..10/0..10 
	Um slot waiting time UL and DL in a single-user case.

	MCS
	MCS-2, MCS-5
	MCS-2 and MCS-5 used for VoIP

	Receive diversity
	y / n
	Receive diversity on the UL, utilized with MRC.


Annex C: Link simulation results
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Figure 1 MCS2 Performance in Noise Limited Scenario with/without PAN
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Figure 2 MCS-2 Performance in Interference Limited Scenario with/without PAN
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Figure 3 MCS-5 Performance in Interference Limited Scenario with/without PAN
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