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1 Problem

Latency (or Round-trip Time, RTT) is a very important characteristic in GPRS/EDGE. The lower the latency, the better the performance of applications like web browsing, e-mail, MMS, interactive gaming, voice services and more.

In 3GPP release 4, the feature “Extended UL TBF” enables the system to pre-reserve uplink resources to the mobile station. By doing this, the set-up time of radio resources is removed from the RTT. In this way the RTT can be significantly reduced.

The problem is that 3GPP specification 44.060 mandates the mobile station to use (transmit on) the pre-reserved resources regardless of whether it has user data to send or not. Depending on the polling frequency, this could lead to a huge amount of transmission of dummy data on the uplink.

This means that there is a high price to pay in terms of battery time (in the mobile station) and interference (network capacity) for realizing the low latency. 

The handling described above is illustrated in the slide below.
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The alternative is to not mandate the mobile station to use the reserved radio resources unless it has user data to send. The drawback with this solution is that the network cannot know if a silence period means that the mobile station chooses not to send, or that the mobile station has lost contact with the network.

This is illustrated in the slide below.
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Solution

The solution we propose is to separate the pre-reservation of radio resources (for the purpose of fast access and low RTT) from the polling of uplink dummy blocks (for the purpose of controlling the radio status of the mobile station). 

The proposed solution is to use two kinds of polls. One done by USF at which the mobile station can choose either to transmit or to not transmit. This kind of poll shall be used often enough to let the mobile station access the system quickly when it has data to send. The second kind of poll, here called ”packet control poll” would be done by using already existing mechanisms for letting the network poll for an RLC/MAC control block on the uplink by using the RRBP field. For this kind of poll, the mobile station shall respond with an RLC/MAC control message. This latter kind of poll is ”reliable” from the BSS point of view and can be used to confidently monitor the radio-link quality and could be done at regular intervals.
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Estimation of interference and power savings

The actual savings in interference on uplink and energy consumption in the mobile station depends on many factors. In this section a simple approach is taken to roughly estimate the savings.

For data downloading over the Internet, TCP is the protocol most commonly used. Typically the amount of downlink data is much more than the uplink. In this case most of the user plane uplink traffic is TCP acknowledgements.

Assuming a GPRS 4+1 MS that uses CS-2. In that case the downlink throughput is 6 kB/s. Further assuming a downlink IP packet size of 1500 byte will lead to approximately four IP packets per second. Normally one TCP ack is sent for every two IP segments, therefore the uplink will consist of two TCP acks per second. 

Assumptions are:

Coding scheme (UL and DL): CS-2

TCP ack frequency: 2 per second

TCP ack size: 40 byte

RLC ack RTT: 120 ms.

One PACKET DL ACK/NACK message every 160 ms.
The RTT for receiving a packet ACK/NACK report is important because the mobile station will retransmit all outstanding RLC blocks that are not acknowledged, if there are no other data in the UL buffer. Therefore each TCP ack will introduce a few RLC retransmissions.

The polling frequency from the network must also be taken into account. To minimise latency, it is reasonable to believe that the network will poll a mobile station in Extended UL TBF as often as possible. If there is only one mobile station on the UL channel, the network will likely send USF polls in every block. In this case we have assumed that the mobile station is polled every other RLC block, i.e. every 40 ms.
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The figure above illustrates the situation with and without the proposed enhancement, assuming the earlier made assumptions. In “today’s situation” a TCP ack is sent on two RLC blocks (green), then until the mobile station receives the PACKET UL ACK/NACK message it retransmits the already sent RLC blocks (yellow). After that the mobile station will send dummy data (red) if Extended UL TBF is used. The next TCP ack is arriving ~500 ms after the fist one, so 5 dummy RLC blocks have to be sent. Also three PACKET DL ACK/NACK messages (blue) will be sent during these 500 ms.

With the proposed enhancements, these 5 dummy blocks do not have to be sent. The savings in uplink interference is therefore 40% (5 out of 12). For the uplink part, the same savings occur in used energy.

In practice, the mobile station continuously receives downlink data, so in order to estimate the difference in battery time, the power used on DL also has to be estimated. As a rule of thumb the ratio between consumed power to process a timeslot is 1/10, i.e. it costs ten times more energy to send an RLC packet on UL compared to receiving an RLC packet. Therefore in a 4+1 allocation, 1.8 energy units are used for a given period of time before the proposed enhancements. With the enhancements 1.4 energy units are used.

The estimated battery saving for a continuous file download is therefore approximately 22% with the described assumptions. Other scenarios will of course give somewhat different results, but in most cases the battery savings will be somewhere between 10% and 40 %. Calculations have also indicated that the higher transmit power level, the higher relative savings.

2 Impact on timing advance

The timing advance procedure need to receive uplink data in order for the network to estimate and command a relevant timing advance. However, the proposed improvement in this discussion paper is not seen as a problem related to timing advance, which is described in this section. 

One symbol (bit for GMSK) is roughly 3,7 (s long which corresponds to approximately 1 km in distance. So if the mobile moves half this distance, 500 m, the BTS will experience a time shift of the received burst of one bit and therefore need to adjust the timing advance by 1 bit.

Assuming a worst case velocity for the user of 500 km/h, and assuming that the network must receive uplink data at least every bit change of the timing advance the time between two data transmissions must be at most 3,6s (time it takes to move 500 m). This time is not foreseen to be any problem since in most cases there are uplink data that need to be sent with a higher frequency, e.g. PDL ACK/NACK reports. If there is no downlink TBF that would generate uplink data and the uplink TBF has not been used for more than 3 seconds it is still possible for the network to poll for a PACKET CONTROL ACK by sending a control message on downlink to the MS, and thereby creating a possibility to update timing advance calculations.

3 Proposal

It is proposed to introduce changes in 3GPP TS 44.060 for Rel-6 in order to allow for the handling described in section 2 above. 

The changes needed are in brief:

· Introduction of an indication broadcast from the network to indicate if this new feature is supported or not.

· Adding the optional alternative for the mobile station to not transmit RLC/MAC control blocks with dummy data if nothing else to transmit is available.

· Clarifying that N3101 shall not be incremented while in extended UL TBF mode if this new feature is activated. The reason for this is that this new feature actually prevents completely the use of N3101 and corresponding T3169 to monitor that the MS is still here, since the network does not know whether the MS uses this feature or not. Therefore, it needs to be defined that N3101 shall not be incremented, if this feature is used, otherwise there is clearly a risk that in some *not so smart* network implementation the TBF will be released. However, there are still means for the network to check whether the MS is still here with the counter N3105 (used e.g. when PACKET POLLING REQUEST does not receive a PACKET CONTROL ACKNOWLEDGEMENT)
The detailed changes necessary to 3GPP TS 44.060 Rel-6 are shown in the CR in Tdoc GP-040343.
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One solution to solve the interference/battery consumption problem could be to let the MS be silent if it has nothing to send. The drawback is that since the BSS does not know if the MS has tried to transmit, it would not know if ”Nothing received” means ”Nothing sent” as in (a) or ”Contact lost” as in (b, c and d). This results in difficulties for the BSS to know if contact has been lost with the MS or not.
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The proposed solution is to use two kinds of polls. One done by USF at which the MS can choose either to transmit or to not transmit, and one, here called ”packet control poll”, which requires the MS to respond with an RLC/MAC control message. 
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The MS is pre-reserved resources and every time the BSS polls the MS with the USF, the MS has to transmit. At most of the polls the MS has no packet to send, so the response is just the transmission of a dummy packet (yellow transmissions). When a packet arrives to the MS from the application (1) then at the next USF poll, the MS transmits user data (green transmission). After the user data transmission, the MS continues to answer any USF poll with the transmission of a dummy packet (yellow). The result is a lot of 	dummy transmissions 	resulting in interference 	and battery drainage. 
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