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Implicit TBF release – System level simulations 
1 Introduction

Within the GERAN EMDA study item [1] a new concept called Implicit TBF release has been proposed in order to improve the PDCH utilization and to reduce PACCH signaling. In the concept it is proposed to introduce timers on both sides of the communication link to allow for the implicit release of the TBF without the exchange of legacy control messages. When these timers expire the corresponding up and down link TBFs are implicitly released.  Evaluations on link level have shown that uplink improvements ranging from 11 to 39 % can be achieved for LLC data PDUs less than 200 bytes, see [2]. 
2 Simulations assumptions and configuration
The simulation results presented in this document were obtained with a system level simulator. The network parameters were configured according to GERAN EMDA TR 43.802 (see [1]) with the important network parameters listed in Table 1.
Table 1 Configurations parameters
	Parameter
	Value

	Cell configuration
	Single cell

	Available PDCH:s
	8 (4 on BCCH carrier)

	Immediate Packet Assignment
	Capable mobile penetration 0 %

	Uplink TBF Implicit Release Timer (same value for MS and BSS)
	Enabled (delay release timer: 2 seconds)

	Downlink TBF Implicit Release Timer (same value for MS and BSS)
	Enabled (delay release timer: 2 seconds) 

	EXT_UTBF_NODATA
	1
(i.e. sending PACKET UPLINK DUMMY CONTROL BLOCKs is optional)

	USF periodicity during Extended Uplink
	500 ms

	Dummy periodicity
	500 ms

	Initial MCS
	MCS-2 for uplink
Latest MCS for downlink

	Link adaptation
	Enabled

	USF number
	7/PDCH

	Scheduling algorithm
	Round Robin

	Polling Period
	Approximately 25 Radio Block Periods (i.e. about once every 500 ms)

	IM session arrival rate
	1 sessions/second and 
3 sessions/second

	Traffic Model
	EMDA

	Channel request after Reject
	Enabled after prohibit time

	Log start
	300 sec

	Simulation end time
	600 sec


Simulations have been performed using LQC where the link adaptation starts at MCS-2 for all uplink TBFs and for the first downlink TBFs in an IM session. For subsequent downlink TBFs the link adaptation will start at the last MCS used for that specific mobile. Since the Login message is approximately 2000 bytes in any direction, there is sufficient time to measure channel quality and with the help of LQC switch to an MCS higher than MCS-2 in both the uplink and downlink during the transmission of the uplink and downlink IM Login messages. This means that a subsequent downlink TBF for the same MS may start at a too high MCS, causing unsuccessful decoding of the RLC PDUs and retransmissions on the RLC layer. However, the MCS may also be just high enough giving a head start for the downlink LQC.
3 Expected Results 
There are a lot of signals involved in setting up, maintaining and releasing downlink and uplink TBFs. The difference between Legacy and Implicit TBF Release is that the PACCH messages sent to release a TBF are replaced by timers. This means that one downlink and one uplink radio block resource are freed for each TBF release when using Implicit TBF Release instead of Legacy TBF Release. 

It is expected that Implicit TBF Release will give lower Data Load and/or higher LLC Throughput than Legacy TBF Release depending on the traffic load. In a traffic load scenario where all TBF requests are accepted due to available resources the Data load should be decreased with Implicit Release compared with using Legacy TBF Release. This is simply because of the reduced utilization of PDCH resources for a given traffic load that is realized with Implicit Release. No gain in LLC throughput is expected for this case since there are available resources for both Legacy users and users capable of Implicit Release. In a traffic loading scenario where resources are scarce and some requests to send data (uplink and downlink) are rejected, the LLC throughput should be increased when using Implicit TBF Release since in this case PACCH block transmissions may be replaced by RLC data block transmissions. It is further expected that the Message transmission delay will decrease with the use of Implicit Release.
Freed radio block resources resulting from the use of Implicit Release allows not only for lower power consumption, but also results in less radio interference (which translates into improved performance margins over the radio interface). When traffic load increases, the freed resources will be available for data transmission and thus leading to higher cell throughput.

4 Simulation Results
4.1 Network metrics

The Data Load metric measures the amount of used resources compared to the amount of available resources. Even at as low session arrival rates as 1 session/sec, Implicit Release will increase the available resources with three to four percent points, see Table 2. Increasing the session arrival rate will at some point saturate the data load for both Legacy and Implicit Release but at three sessions per second we still see a gain by using Implicit Release by three to four percent.
The reduced Data Load gained by using Implicit TBF Release in low traffic load scenarios will reduce the power consumption and therefore also extend the MS battery lifetime. The power consumption can in these cases be reduced by between six and twelve percent for the mobiles and between three and nine percent for the BTS.
Table 2 Data Load
	
	Data Load

	
	1 session per second
	3 sessions per second

	
	Legacy TBF Release
	Implicit 
TBF Release
	Gain by Implicit Release
	Legacy TBF Release
	Implicit 
TBF Release
	Gain by 
Implicit 
Release

	Uplink
(%)
	42.9 %
	39.6 %
	3.3 pp
(7.7 %)
	74 %
	70.4 %
	3.6 pp
(4.9 %)

	Downlink
(%)
	43.1 %
	39.7 %
	3.4 pp
(7.9 %)
	75.5 %
	71.4 %
	4.1 pp
(5.4 %)


The LLC throughput measures the bitrate and at low session arrival rates no major increase in throughput is expected with Implicit Release. However, when the arrival rate increases to three sessions per second, gains of three to four percent are seen by using Implicit Release, see Table 3.
Table 3 LLC Throughput
	
	LLC Throughput

	
	1 session per second
	3 sessions per second

	
	Legacy TBF Release
	Implicit 
TBF Release
	Gain by Implicit Release
	Legacy TBF Release
	Implicit 
TBF Release
	Gain by 
Implicit 
Release

	Uplink (kbps)
	27.2
	28.1
	0.9 kbps
(3.3 %)
	52.3
	54.6
	2.3 kbps
(4.4 %)

	Downlink (kbps)
	35.8
	37.6
	1.8 kbps
(5 %)
	73.6
	77.2
	3.6 kbps
(4.9 %)


4.2 Service metrics
In a highly loaded traffic scenario it will be difficult to show gains with respect to Data Load with Implicit TBF Release compared to Legacy Release since Data Load will saturate for both release procedures when all resources are fully utilized. However, the service metric “Message transmission delay” will show gains by using Implicit Release when the Data Load starts to saturate. As expected, at low session arrival rates, when there are available resources, Implicit Release will not show any significant delay gains compared to Legacy release since both can transmit all data more or less immediately, see Table 4. When the session arrival rate is increased the use of Implicit Release will free up more resources for transmission of data and therefore result in a decrease in the Message transmission delay. For a session arrival rate of three sessions per second a six percent gain in the UL transmission delay and a 15 percent gain in DL transmission delay can be seen for Implicit TBF Release, see Table 4. 
Table 4 Message transmission delay
	
	Message transmission delay

	
	1 session per second
	3 sessions per second

	
	Legacy TBF Release
	Implicit 
TBF Release
	Gain by Implicit Release
	Legacy TBF Release
	Implicit 
TBF Release
	Gain by 
Implicit 
Release

	Uplink
(sec)
	1.5
	1.5
	0 sec
(0 %)
	10.7
	10.0
	0.7 sec
(6.5 %)

	Downlink (sec)
	0.6
	0.6
	0 sec
(0 %)
	2.0
	1.7
	0.3 sec
(15 %)


5 Conclusions
The GERAN EMDA study item aims to address the challenge of improving PDCH utilization which becomes of greater concern especially when a high load of IM users request resources. Evaluating solutions at low session arrival rates where resource availability is not a problem will never allow for identifying gains since no solution is needed. It is first at session arrival rates larger than one session per second that we start to see available resources becoming scarce.
It is not expected that there will be one solution that solves the problem of PDCH utilization within the GERAN EMDA study. Rather several small solutions are seen as providing for an improved utilization that solves the problem with a high load of IM traffic.
System level simulations above show that the TBF Implicit Release procedure provides gains for both the network performance metrics, “Data Load” and “LLC Throughput”, as well as for the service metric “Message transmission delay”. It is therefore suggested by the sourcing company that the Implicit TBF Release procedure is regarded as one of the solutions towards improving PDCH utilization identified by the GERAN EMDA study. 

6 References

[1] GP-131116, “Draft 3GPP TR 43.802-040 GERAN Study on Mobile Data Applications”, source Huawei Technologies Co., Ltd. GERAN#60.
[2] GP-130724, “Implicit TBF release and improved uplink scheduling”, source Telefon AB LM Ericsson, ST-Ericsson SA. GERAN#59.
1(5)
4(5)

