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Abstract of the contribution: Proposes a potential solution for study.

*** First Change ***
5.x
Solution x: Buffering at downlink transmission to PSM UE
5.x.1
Background
This solution relates to Scenario A “Downlink packet transmission to UE applying power saving function” in clause 4.1.

As described in the scenario, it is observed that the current system has the following behavior:

· When downlink data arrive for a UE that is in ECM-IDLE mode, at least one IP packet is buffered in the SGW and the UE is paged. When the UE responds to the paging, the buffered IP packet(s) are transmitted to the UE. […]

· When downlink data arrive for a UE that is in a power saving state e.g. PSM (Power Saving Mode), the IP packets are immediately discarded in the SGW. No paging is done of the UE […].

It would be preferential with a consistent system behavior for power saving UEs e.g. in PSM:

· When downlink data arrive for a UE that is in a power saving state e.g. PSM (Power Saving Mode), at least one IP packet is buffered in the SGW and the UE is paged when it becomes reachable. When the UE responds to the paging, the buffered IP packet(s) are transmitted to the UE.

Buffering is a common technique suitable to handle power saving devices. This is e.g. used in ZigBee IP where parent nodes buffers packets for sleeping nodes. By applying buffering in the 3GPP network for devices using power saving mechanisms, different or less aggressive retransmission schemes may be used by the sending application server. An example of an adjusted retransmission scheme for a PSM device with 10 min power saving interval, could be to retransmit after 5 min and 10 min and give up after 15 min.

Buffering is also needed in combination with retransmissions in general to ensure successful delivery of IP packets to devices applying power saving mechanisms with relatively short active time window compares to potentially long power saving intervals. Especially for protocols deploying exponential back-off it is quite likely that packet transmission will fail completely e.g. with a PSM active time of 10 seconds. Increase of the PSM active time is a trade-off between energy saving in the device and increasing probability of successful packet delivery. Buffering is a solution which allows high energy efficiency in the device and guaranteed packet delivery, while still having just a minor impact on the 3GPP system.

To make the retransmission more efficient at the sender side, e.g. SCS or AS, it should also be considered if the SGW can provide feedback to the sender when a packet to a power saving device has been buffered. One possibility could be to return an ICMP message to the sender indicating that the device is currently unreachable but that the packet will be delivered as soon as possible. It might also be possible to include a timestamp for most efficient adjustment of the retransmission and behavior at the sender side. The application would then know more precisely when the device is expected to wake up and respond at the latest.
For energy constrained devices using power saving features (i.e. PSM) having single applications using typical protocols for constrained devices such as CoAP or MQTT-SN, it should be sufficient to buffer one packet (e.g. the most recent) since it typically should be the same packet being retransmitted. It is left for SGW implementation to decide if additional packets should be buffered.

Buffering at downlink transmission to UE using power saving functions, is an optional function enabled per UE in the MME.
5.x.2
Procedure


[image: image1]
1.
The device has earlier entered a power saving state, e.g. Power Saving Mode.
2.
Downlink data (one or more IP packets) are forwarded to the SGW.

3.
The SGW sends a DDN request to the MME.

4.
The MME detects that the device is in a power saving state e.g. PSM. The MME sets a “paging pending flag” in its MM context that the UE shall be paged as soon as possible. The MME returns the DDN Ack to the SGW with a successful cause “request accepted page pending” and a time value when the MME estimates the device will have been reached by paging. The SGW buffers the downlink data with an extended timer based on the MME time estimate. Additional downlink data arriving at the SGW may replace the buffered data, but no additional DDN should be sent to the MME.
5.
The SGW may optionally send an ICMP “timestamp” message to the SCS/AS indicating that the device is currently sleeping but that the packet is likely to be delivered within the time indicated by the timestamp. The SCS/AS knows that the device will respond as soon as it wakes up from its power saving state and it may use the ICMP information to stop or adjust its retransmission scheme.
6-7. When there is signaling activity from the device, e.g. periodic Tracking Area Update, the MME checks the “paging pending flag” and pages the device or indicates in the TAU Response Accept message that downlink data is waiting in the network.

8.
The device responds with a service request and the data bearers are established.

9.
The SGW transmits the buffered downlink data to the device.
10.
The device and the SCS/AS proceeds with normal data transmissions as needed.
5.x.3 
Impacts on existing nodes and functionality

5.x.4
Evaluation

*** End of Changes ***
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