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Introduction
In light of the discussion in [1], [2] and [3] it is proposed that the uPoD TR be updated to:
· Indicate that MTC devices that support Use Case 1 (Network Triggered Reporting) will support reachability based on both eDRX and PSM wherein the specific type of reachability will be determined by the periodicity of reachability desired along with the expected rate of device triggering. 
· Indicate that MTC devices that support Use Case 1 will need to make use of Extended DRX (eDRX) based reachability when their preferred periodicity of reachability is in the range of several seconds to minutes in the interest of realizing extended battery lifetime targets (i.e. there will be a range of periodic reachability for which the use of PSM will not be acceptable).
· Indicate that MTC devices that support Use Case 1 will support Extended DRX based reachability that can make use of an optimized trigger delivery mechanism.
Changes to section 5.1
5.1		Use Case 1 - Network triggered reporting
For this use case, the MTC device is triggered to send a report to the network entity, e.g. metering devices (sensors) that are monitored and controlled by entities outside or inside the operator’s network wherein a device normally only sends a report when triggered to do so by the network. Such use case requires MTC device that can be reached (triggered) as a result of network paging. After sending a report a device will remain reachable at least during a time interval determined by the Ready timer (i.e. during the first part of this interval when non-DRX timer is running it continuously monitors AGCH/PCH blocks. After the non-DRX timer expiresand it then monitors its nominal paging block according to legacy DRX operation for the remainder of this interval). After expiration of the Ready timer, reachability will be supported based on monitoring the nominal PCH block within the context of a power savings state.
Depending on the actual frequency of triggers sent by the network this class of device would benefit from being allowed to MTC devices that support this use case will be reachable based on either eDRX or PSM depending on the desired periodicity of reachability along with the expected rate of device triggering. In addition, these devices will go into a power saving state between each triggered report where- the longer the device remains in the power saving state the larger the power savings.
Changes to section 7.2
7.2 Extended DRX
7.2.1 General
In order to support device reachability on the order of 30 minutes or less while maintaining  battery life times of more than 10 years it is proposed to introduce extended DRX, or long paging cycles, as a candidate solution. 
7.2.2   Supporting Extended DRX
Support for uPoD Use Case 1 (Network Triggered Reporting) requires that MTC devices support reachability based on either eDRX or PSM depending on the desired periodicity of reachability along with the expected rate of device triggering as indicated by Figure 7.2-1 where the battery life time is compared for extended DRX and Power Saving Mode  (PSM) as a function of downlink reachability and periodic reporting interval. In the figure it can be seen that there is a lower reachability periodicity limit for Power Saving Mode below which a battery life time of 10 years can’t be achieved. The lower limit is around 33 minutes.  At the same time it can be seen that with a periodic reporting interval of 1 hour (green dashed lines) a battery life time more than 10 years can be maintained down to a reachability of about 1 minute and 40 sec for eDRX. 
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Figure 7.2-1. Triggering interval and reachability periodicity vs 10 years battery life
Support for eDRX imposes the requirement that all eDRX cycle lengths supported by the network necessarily occur an integral number of times within the overall TDMA FN space (i.e. to avoid the possibility of irregular reachability that could otherwise occur). 
A set of possible Extended DRX cycles that can be supported within cells that support power efficient operation (PEO) are shown in Table 7.1.1-1. The upper limit of DRX cycle lengths supported by a cell that supports power efficient operation (PEO) can be indicated by a new field included within system information (eDRX_MAX). The reception of this system information implicitly indicates that the corresponding cell supports power efficient operation (i.e. the cell supports both Extended DRX based reachability and PSM based reachability). MTC devices that prefer a periodicity of reachability greater than that indicated by this system information will operate using periodic RAU (i.e. PSM) based reachability.
When sending a GPRS Attach Request or RAU Request a device includes a new parameter called EXTENDED_DRX (4 bit field) selected from the set of possible Extended DRX values of Table 7.1.1-1.

Table 7.1.1-1 – Possible Extended DRX Cycles Supported
	Extended DRX Cycle Value (EXTENDED_DRX)
	 Target Extended DRX Cycle Length
	Number of 51-MF per Extended DRX Cycle (EXTENDED_DRX_MFRMS)
	Extended DRX Cycles per TDMA FN Space

	0
	~30 seconds
	128
	416

	1
	~60 seconds
	256
	208

	2
	~2 minutes
	512
	104

	3
	~4 minutes
	1024
	52

	4
	~6.5 minutes
	1664
	32

	5
	~8 minutes
	2048
	26

	6
	~13 minutes
	3328
	16

	7
	~16 minutes
	4096
	13

	8
	~26 minutes
	6656
	8

	9
	~52 minutes
	13312
	4

	Note 1: 53248  51-multiframes occur with the TDMA FN space (2715648 TDMA frames)
Note 2: All remaining EXTENDED_DRX values are reserved



When sending a paging request to a BSS the SGSN includes the value for EXTENDED_DRX it has stored for the target device along with the corresponding IMSI thereby allowing the BSS to determine the Extended DRX cycle of the target device and its nominal paging group within each DRX cycle as follows:
· The number of paging groups within a given Extended DRX cycle is determined based on PCH_BLKS_MFRM (the number of PCH blocks per 51-multiframe available for paging, determined using the Control Channel Description IE as per legacy methods) and EXTENDED_DRX_MFRMS (the number of 51-multiframes per Extended DRX cycle).
· PAGING_GROUP is the nominal paging group within an Extended DRX cycle corresponding to a given MTC device. PAGING_GROUP (0 ... N‑1) = IMSI mod N, where N is the number of paging groups per Extended DRX Cycle = PCH_BLKS_MFRM x EXTENDED_DRX_MFRMS.
· The required 51-multiframe (i.e. the 51-multiframe in the Extended DRX cycle containing the nominal paging group) occurs when PAGING_GROUP div (N div EXTENDED_DRX_MFRMS) = (FN div 51) mod (EXTENDED_DRX_MFRMS).
· The required paging group (i.e. the specific paging group in the required 51-multiframe that is the nominal paging group) is determined by PAGING_GROUP mod (N div EXTENDED_DRX_MFRMS).

Changes to section 7.3
7.3			Optimized Trigger Delivery
For uPoD devices that operate according to Use Case 1 with Extended DRX based reachability the use of optimized trigger delivery procedures are supported in the interest of reduced power consumption.
7.3.1			Legacy Signalling and Bandwidth Considerations
Legacy methods for sending an IP packet to trigger a MTC device report is shown in Figure 7.3-1.
SGSN
10.RLC Data Blocks (trigger indication) - PDCH
2.Paging Request 
8.LLC PDU (UDP/IP trigger indication)
3.Page Message - PCH[image: ]
4.Page Response Request - RACH
BSS
1.UDP/IP Packet (trigger indication)
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9.Immediate Assignment - AGCH
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13.RLC Data Blocks (triggered report) - PDCH
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15.LLC PDU (triggered report)
16.UDP/IP Packet (triggered report)
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5. Immediate Assignment - AGCH









Figure 7.3-1 – IP Packet Based Trigger Indication – Legacy Procedures
7.3.2			Optimized Trigger Delivery – Location Not Known
When considering devices that make use of Extended DRX based reachability and whose location is not known (Ready timer is not running), one way of realizing optimized trigger delivery is as follows:
· When performing a PDP Context Activation a device indicates the characteristics of downlink UDP/IP packets that contain a trigger (e.g. a UDP/IP packets having a payload size less than X octets or indicating a certain combination of UDP Source and Destination Ports can be considered as containing a trigger).
· When a GGSN receives a downlink UDP/IP packet that it determines includes a trigger it relays the UDP/IP packet to the SGSN along with an indication that the UDP/IP packet payload contains trigger information.
· The SGSN extracts the payload of the UDP packet (i.e. the application layer payload) and includes it within subsequent paging request messages it sends to one or more BSS. As such, the paging related message(s) sent to the BSS and over the radio interface will explicitly indicate that a network triggered report is being requested and the specific type of report the device is to send. 
· After sending paging request messages the SGSN considers its involvement in delivering the trigger as complete (i.e. it assumes that BSS buffering capability is sufficient to retain the paging request regardless of how much time remains until the next occurrence of the nominal paging group of the target device). 
· In addition, it should be noted that for this optimized trigger delivery scenario the SGSN serves as the UDP/IP packet endpoint and it can therefore discard that packet after extracting the payload thereof and including it within the paging request messages. 
The BSS sends system information that indicates it supports optimized trigger delivery. A device will therefore only indicate the characteristics of downlink UDP/IP packets that contain a trigger during PDP Context Activation if it knows the BSS supports optimized trigger delivery.
This optimized trigger delivery scenario is shown in Figure 7.3-2 where 5 signaling events occur over the radio interface compared to 10 signaling events when using legacy procedures as per Figure 7.3-1. The transmission of an uplink UDP/IP packet containing a triggered report is assumed to require 7 RLC data blocks (see Table 7.3-1 for a further breakdown of this scenario).
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Figure 7.3-2 – Optimized Trigger Delivery – Location not Known
7.3.3			Optimized Trigger Delivery – Location Known
When considering devices that make use of Extended DRX based reachability and whose location is known (Ready timer is running), optimized trigger delivery can be realized in a similar way as for the case where the device location is not known except for the following:
· When a SGSN receives a downlink UDP/IP packet that it determines includes a trigger it extracts the UDP packet payload (i.e. the application layer payload) and includes it within a subsequent paging request message it sends to a specific BSS.  As such, the paging request message sent to the BSS will explicitly indicate that a network triggered report is being requested and the specific type of report the device is to send. 
· The BSS may have knowledge that the target MTC device is stationary based on, for example, additional information included within the paging request message. In this case, instead of sending a paging message over the radio interface the BSS sends an uplink TBF assignment message that includes the application layer payload (received from the SGSN) in the paging request message using the next occurrence of nominal paging group of the target device. Upon receiving the uplink TBF assignment message the target device realizes it is to use it to send the triggered report. 
· After sending paging request messages the SGSN considers its involvement in delivering the trigger as complete (i.e. it assumes that BSS buffering capability is sufficient to retain the paging request regardless of how much time remains until the next occurrence of the nominal paging group of the target device). 
· In addition, it should be noted that for this optimized trigger delivery scenario the SGSN serves as the UDP/IP packet endpoint and it can therefore discard that packet after extracting the payload thereof and including it within the paging request message. 

This scenario is shown in Figure 7.3-3 where 3 signaling events will be required over the radio interface compared to 10 signaling events required when using legacy procedures as per Figure 7.3-1. The transmission of an uplink UDP/IP packet containing a triggered report is assumed to require 7 RLC data blocks (see Table 1 for a further breakdown of this scenario).

MS
2.Paging Request (trigger indication)
BSS
3.Immediate Assignment - AGCH
4.RLC Data Blocks (triggered report) - PDCH
6.PUAN - PACCH
5.LLC PDU (triggered report) 
SGSN

1.UDP/IP Packet (trigger indication)




7.UDP/IP Packet (triggered report)



Figure 7.3-3 – Optimized Trigger Delivery – Location Known 

Table 7.3-1 assumes that the transmission of a downlink UDP/IP packet containing a trigger indication is requires 5 RLC data blocks. As can be seen in Table 7.3-1, the optimized procedures shown in Figures 7.3-2 and 7.3-3 allow for a substantial savings in the number bursts/radio blocks (referred to as events) requiring transmission over the radio interface in support of Network Triggered Reports. 
	Procedure
	RACH Bursts
	PCH/AGCH Blocks
	UL PACCH Blocks
	DL PACCH Blocks
	DL Data Blocks
	UL Data Blocks
	Total Events

	Legacy – location unknown
	1
	3
	1
	2
	5
	8
	20

	Legacy – location known
	0
	1
	1
	2
	5
	7
	16

	Optimized – location unknown
	1
	2
	0
	1
	0
	7
	11

	Optimized – location known
	0
	1
	0
	1
	0
	7
	9


Table 7.3-1 – Network Triggered Reporting Transmission Events
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