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Enhancements of GAN keep alive mechanism 

1 Overview
As described in GERAN2#36 and GERAN2#36 bis, the “keep alive mechanism” currently described in TS 44.318 is inefficient as the MS shall send the GA-RC Keep Alive message at every expiry of timer TU3906, irrespective of other procedures on-going in the mobile. 
It is proposed to discuss possible enhancements to the GAN keep alive mechanism, allowing reducing the current drain on the MS side, and the signaling overhead on the network side.
In addition to previously seen proposal, considering all messages sent on the Uplink TCP, this contribution include a second proposal which considers all messages sent on Uplink and Downlink TCP links.
2 Current functionality description

When the MS receives GA-RC REGISTER ACCEPT message it should start the keep alive mechanism using the received TU3906 Timer IE. At every expiry of TU3906, the MS will send a GA-RC keep alive message and restart TU3906.

When releasing its TCP connection, the mobile will stop sending Keep Alive message, at which point the network will release network resources linked to this MS and therefore optimise the use of resources in GANC.

2.1 Protocol specification aspects

The keep alive mechanism as described in TS 44.318, as per section 6.5:
“

When the MS receives the GA-RC REGISTER ACCEPT message, it shall initiate the GA-RC Keep Alive –mechanism by starting timer TU3906 using the TU3906 Timer value received in that message. 

When timer TU3906 expires in the MS, the MS shall send the GA-RC KEEP ALIVE –message to the GANC and start timer TU3906.

[…]
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Figure 1: Keep Alive procedure 

“

The consequence of this specification is that after the GA-RC REGISTER ACCEPT message, the MS shall send the GA-RC Keep Alive message at every expiry of timer TU3906, without any regard for any other procedures that could be undergoing in the mobile.

An example of this is pictured in figure 2, where the Keep alive message has to be transferred due to TU3906 expiry, while there is already an ongoing GA-CSR signalling procedure.
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Figure 2: Standard Keep Alive procedure while signaling procedure is on-going

2.2 Problems of current specification

The current Keep Alive mechanism described in spec [1], is behaving correctly but is inefficient in some scenarios. For instance, if the TU3906 expires while the mobile is handling a signalling procedure on GAN, it will be sending a Keep Alive message during foregoing procedures. The network behaviour is not specified, however, an implementation that closes the link due to absence of keep alive messages while other signalling procedures are active on the link is highly unusual. Thus it is reasonable to assume that the keep alive messages are redundant and therefore the current behaviour is inefficient.
3 Alternative keep alive mechanism

3.1 Objectives

During presentation of [2] and [3], it was questioned why a solution in the MS was preferred, and whether this should be considered as a Network problem. 

Motorola objective with such enhancement is to lower the current drain in the MS, which has limited power resources, by reducing the number of messages sent (and received in case of proposal 2). As a consequence it will also lower the traffic on the network but this is not the primary objective. 
The main scenario targeted by the proposals is the case of Idle mode.
It is to be noted that the enhancement being proposed have no drawback on the Network given reasonable network implementation as discussed in section 2.2. 

As previously mentioned a solution in the MS is the preferred way forward. In the current specification the GAN KEEP ALIVE is sent by the MS. We assume this was originally done to avoid the network having too many messages to send, one for each MS; but also because the network would have needed to maintain a scheduler for sending keep alive messages to all mobile stations, which seems unreasonable. A Network operator will probably have very few GANC. Sending recurrent keep alive messages to each mobile connected every x secs would be extremely difficult and heavy for the Network. With the solution on MS side, the Network only has to manage a timer for each MS connected at the expiration of which, it will just delete MS context. 

We propose 2 solutions to optimize the keep alive mechanism:  

· The first proposal is based on considering all GAN messages sent on the TCP connection in uplink instead of only considering GA-RC keep alive messages. 
· The second proposal, by taking into account TCP protocol fundamentals, considers both uplink and downlink messages sent on the TCP link between MS and GANC.

3.2 Proposal 1: Enhancement to GAN Keep Alive Mechanism considering all messages sent on the Uplink TCP link
3.2.1 General behaviour

Instead of sending a Keep Alive message every TU3906 secs after the registration, we propose that the Keep Alive message shall be sent after an idle period of TU3906 on the Uplink TCP link. By changing the way Keep Alive message is sent, we will avoid sending useless and unnecessary Keep Alive message while other GA-RC signalling procedures are ongoing.

The alternative Keep Alive mechanism is based on stopping and restarting the TU3906 timer each time a message is sent by MS on the TCP socket, either if it is GA-RC message, a GA-CSR message (on TCP) or a GA-PSR message (on TCP). This way, the Keep Alive message will always be sent after an idle period of TU3906 on the uplink side of the TCP link.

3.2.2 Detailed alternative mechanism

When the MS receives the GA-RC REGISTER ACCEPT message, it shall initiate the GA-RC Keep Alive mechanism by starting timer TU3906 using the TU3906 Timer value received in that message. 

When the MS is going to send any of the GA-RC message, GA-CSR message (on TCP) or GA-PSR message (on TCP), it should re-start the TU3906 timer.
When timer TU3906 expires in the MS, the MS shall send the GA-RC KEEP ALIVE –message to the GANC and restart timer TU3906.

When receiving or sending GA-RC DEREGISTER message or after a lower layer failure, the MS shall stop the TU3906 timer.
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Figure 3: Enhanced Keep Alive procedure for all messages sent on Uplink TCP link
3.2.3 MS capability indication and NW behaviour

In order for the NW to know if the MS support the Optimised Keep Alive mechanism, it will have to be indicated in the REGISTER REQUEST message that the MS sent to the NW. 
It is proposed to add a bit OKA in the IE “required GAN Services” indicating that the MS supports the OKA mechanism or not.

It is expected that the NW uses this information and adjust its timer if the MS indicate support for the OKA mechanism.

3.3 Proposal 2: Enhancement to GAN Keep Alive Mechanism considering all messages sent on Uplink and Downlink TCP links
3.3.1 General behaviour
This solution proposes to optimise the number of keep alive messages sent. Instead of sending keep alive message by the MS to the Network after each expiration of TU3906, it is proposed that the keep alive message will be sent after an idle period of TU3906 on the TCP link. Idle period being considered here has period during which no TCP message have been correctly exchange between the MS to the GAN.

The main difference at this point with the previous proposal is that previous proposal only considers TCP packets sent by the MS, while in this proposal all downlink and uplink TCP packets are being considered.

Typical TCP message sent by the Network includes all GA-RC, GA-CSR, and GA-PSR messages.
3.3.2 Detailed alternative mechanism
The GAN Network needs a periodic message between MS and GAN to check the TCP connection is alive. On both the MS and the Network side, the TCP Stack allows retransmission until acknowledgement of the message. 
It is proposed to reset the timer on the MS when TCP Packet is sent, when TCP packet is received or when a GAN Keep alive message is sent. 
Therefore, each packet send by the Network can reset the Keep Alive timer and reduce the number of packet sent by the MS.


In the future, if more messages are sent by the Network without any Reply from the MS, this feature will be useful and help in reducing the current drain.
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Figure 4: Enhanced Keep Alive procedure for all messages sent on Uplink and Downlink TCP links

4 Typical example of gain
Looking at published MS standby time in live network, it is clear that MS encounter an issue with an important reduction of standby time switching from 2G to GAN.

For example, Motorola reported, for A910 handset, 75 Hours standby in GAN against 250 hours in GSM idle, so current drain appears to be multiply by 3.33.

Nokia reported in [5], that the Nokia 6136 had 82 hours standby time in GAN against 280 hours in GSM, so a difference of 3.4 for the current drain between GAN and GSM.
The purpose of our proposals is to reduce the number of packet sent by the MS to the Network to increase the standby time. 

Two example scenarios are being considered below for the Uplink:

· Idle mode with some mobility case

· “typical profile”: voice call + idle + mobility
Motorola real interest is for the idle mode, as this is the mode where the proposal will bring the most advantages in being used.

Furthermore, some gain examples is provided for downlink. The proposal is less interesting in the case of downlink as the gain is minimal. However, there is no apparent reason why this enhancement should not be apply to both Uplink and Downlink.
The gain is highly dependant on the scenario that is taken into account as well as on the TU3906 value that is set by the operator. The more the user is active, the higher the gain is. 

4.1 Uplink Cases

4.1.1 Example scenario 1: Idle Mode with some mobility Case
In this scenario the MS is in idle and the user is typically at home moving around. The MS stays connected to GAN when Cellular Coverage switch from 2G to 3G
	Keep Alive Frequency (sec)
	120
	60
	120
	60
	300

	Background RAT Change Frequency (sec)
	300
	300
	600
	600
	600

	Actual UMA Current Drain (mA)
	3.8

	Future UMA Current Drain (mA)
	2.6

	
	
	
	
	
	

	
	
	
	
	
	

	Current Drain analysis and expected gain

	Additionnal Current Drain mA
	0.0763
	0.1308
	0.0654
	0.1199
	0.0327

	Additionnal Current Drain with Proposal mA
	0.0545
	0.109
	0.0545
	0.109
	0.0218

	Gain with The Proposal
	28.57%
	16.67%
	16.67%
	9.09%
	33.33%

	
	
	
	
	
	

	
	
	
	
	
	

	Impact of the Signalling on the Current Drain

	On Actual Product
	2.01%
	3.44%
	1.72%
	3.16%
	0.86%

	On Future Product
	2.93%
	5.03%
	2.52%
	4.61%
	1.26%

	On Actual Product with the proposal
	1.43%
	2.87%
	1.43%
	2.87%
	0.57%

	On Future Product with the Proposal
	2.10%
	4.19%
	2.10%
	4.19%
	0.84%


Table 1: Idle Mode case, some mobility being also considered

As can be seen on this table, a gain of up to 33% can be achieved with a Keep Alive frequency of 300s and a background RAT Change frequency of 600s. 
Taking realistic TU3906 values, observed in live networks, and a background RAT Change of 300s we still would see an improvement of 28.57% with our proposal.
4.1.2 Example scenario 2: Typical profile: Voice call + idle + mobility
A user is on GAN with GSM coverage during one hour. During this hour he does:

· 2 voice calls (Uplink CSR messages at both call establishment and termination. We will consider only the last Uplink CSR message for our calculation)

· 2 lost of GSM coverage (RC-REGISTER UPDATE UPLINK at GSM coverage loss and another one at GSM recovery)

· 2 cell update because of a change of cell (GA-PSR-DATA message sent in uplink)

	Value used to calculate gain
	

	Voice Call Current Drain (mA/h)
	110

	KA Timer Frequency (s)
	60
	90

	Periodic Routing Area (s)
	1800

	RAT Switching Frequency (s)
	300

	Call Duration (s)
	300

	Number of Call
	2

	
	
	

	Voice Call Signalling Frequency (s)
	900

	
	
	

	
	
	

	Gain calculation
	
	

	Voice Call Signalling (connection or Release ) mA
	0.04
	0.04

	Voice Call Current Drain
	18.3333
	18.3333

	Signalling without Proposal
	0.13443
	0.0981

	Signalling with Proposal
	0.109
	0.07267

	 
	 
	 

	Total Without Proposal (mA)
	18.4678
	18.4314

	Talk Time(h)
	64.9781
	65.1062

	 
	 
	 

	 
	18.4823
	18.446

	Gain in percentage in 1 hour (Current Drain - incl. sign., RTP..)
	0.08%
	0.08%

	Gain in percentage for Signalling cost
	23%
	35%


Table 2: Typical profile: voice call + idle + mobility

As shown in the table, using values observed in real networks, we can gain up to 35% (giving a TU3906 of 90s).
4.2 Downlink Case
	Data Rate for a TCP/Packet every Keep Alive Timer

	Keep Alive Timer (s)
	30
	60
	90
	120

	Packet Size (byte)
	1500
	1500
	1500
	1500

	Date Rate (Byte/s)
	50.00
	25.00
	16.67
	12.50

	Number of KByte Per Hour
	175.78
	87.89
	58.59
	43.95


Table 3: Downlink

As mentioned above the gain in the Downlink for Idle and Voice call case is very low compared to the Uplink.

However, if implementing this enhancement for the Uplink, and given there is a very small gain and it has no impact apart from resetting the GAN timer, the downlink should also be considered.
5 Conclusion

It is proposed to adopt either proposal 1 or 2. As shown in previous section, there is a gain of up to 35% in Uplink for the signaling cost when adopting such enhancements, without having to bear any implementation drawback or impact on the signaling.
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