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pCR 45.869 – Introduction of Short Sync and Long Sync Procedures
1
Introduction

1.1
Background Information

Lower power consumption is one of most important attributes of low power battery driven devices. 
To cater for this attribute, in GERAN#60 a new study item on “Power Saving for MTC Devices” was agreed, see [1]. A corresponding discussion paper titled “Short and long sync up procedure”, see [2], was submitted in GERAN#62 which  examines possibilities of device battery energy savings and introduced two types of sync up procedures, short sync and long sync to explore the energy saving opportunity by exploiting different operating scenarios.
1.2
Reason for change

To introduce the short and long sync procedures in light of their respective merits in terms of reduced energy consumption for the terminal when operating in a power saving state, as described in [2]. In terms of specification impact, the procedures described herein are not foreseen to become part of a future specification, but rather that the existing specifications need relaxations in terms of procedures performed in the interest of device reachability and mobility.
1.3
Summary of change

A subsection is added in Section 7 (Candidate Technologies) of TR 43.869 V0.3.0 (2014-02) with the details of long and short sync procedures.
1.4
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7.4
Requirements on Device reachability and
7.4.1
General

In order to enable energy saving for MTC devices with infrequent reachability the idle mode behaviour need to be changed, and the current specification requirements on reachability and mobility need to be relaxed [10].

To exemplify how such reduced requirements could be applied, a set of procedures referred to as “Short Sync” and “Long Sync” [11] are described. It can be noted that these procedures can be used to quantify potential energy savings in the study, but in terms of specification impact no details on exact procedures are expected to be added to future specifications in order to maximize freedom of implementation. Rather, the potential for power savings that can be realized by using these procedures indicate that existing specifications need relaxations in terms of reachability and mobility.

A device that supports power efficient operation (PEO) shall make use of a power saving state wherein reachability is supported using either the power saving mode (PSM) feature or the extended DRX (eDRX) feature. A device that supports PEO shall perform the Routing Area Update procedure according to legacy rules but shall include information in the RAU Request indicating whether it will be reachable using PSM (i.e. the existing T3324 IE is included) or eDRX (i.e. a new IE indicating the preferred eDRX cycle length is included) and thereby implicitly indicating its decision to operate using the PEO feature. 

The “Short Sync” and “Long Sync” procedures can be supported by a device that supports the PEO feature but they require the current specification be  relaxed in terms of frequency of neighbour cell measurements (or no neighbour cell measurements ) and the selection of a cell for camping.
In the following sections “Short Sync” and “Long Sync” procedures are described to clarify a potential device behaviour for the case of relaxed requirements on device reachability and mobility. It should be noted that for proper operation of uPoD devices in a routing area, eDRX must be deployed in all cells in the Routing Area.  
7.4.2
Short Sync procedure
7.4.2.1
General

A device will only need to infrequently verify that its presently camped cell continues to be a suitable cell (this is especially true when a device is stationary/close to stationary). This verification can consist of a device employing a lighter and faster version of synchronization termed the “Short Sync” procedure, which is performed over a period of time spanning over N consecutive bursts (where N ≥ 6 for normal scenarios).  This procedure is used when PSM, eDRX or even legacy DRX procedure is used. The basic principle of the “Short Sync” procedure is to ensure a device is synchronized and operating on a suitable cell just before a time of active transmission/reception.
7.4.2.2
Overview of short sync
As GSM systems are TDMA and FDMA based, ongoing time and frequency synchronizations are necessary for proper transmission and reception of information. While sleeping, a device does not transmit/receive any bursts so the device local time and frequency base gradually drifts from the network clock. As such, there is a need for a device that makes use of extended periods of sleep (deep sleep) to periodically wake up to perform a short sync to estimate and correct the time and frequency error that builds up over time.  

When considering the case of eDRX based reachability a device will wake up periodically to perform a short sync in addition to performing a short sync a few slots (e.g. at least ‘N’ bursts) ahead of the next scheduled nominal paging group reception according to its eDRX cycle. Also, when considering the case of autonomous mobile originated traffic the device will not know when the next transmission time will occur and hence it needs to maintain a sufficient time and frequency reference (synchronization) in order to improve the probability of successfully performing short sync at the point of waking up to transmit.

The periodicity of performing the short sync procedure is implementation specific, determined by a device based on its knowledge of the rate at which its time and frequency base drifts over time and the maximum error that it allows to accumulate prior to correction.  
The time period spanned when performing a short sync procedure is termed as a “short sync interval” during which the device performs the following tasks:

-
The first task performed during the short sync interval consists of the device correcting the frequency offset accumulated during its most recent period of sleep. 

-
During the short sync interval the device may also re-confirm the BSIC by checking the Synchronization Burst (if it appears in the set of N bursts received during the short sync interval) or by checking the training sequence number using a received NB (normal burst) on the BCCH TS. 

-
During the short sync interval the device also receives the [I,Q] samples from the camped cell frequency and uses them to estimate the RSSI value and from that it also verifies the C1/C2 criteria.  

-
If the C1/C2 criterion is fulfilled, and the BSIC is re-confirmed, the device can optionally further refine the frequency and time synchronization and then proceed as follows:
-     If the device makes use of extended DRX based reachability and has woken up a few slots ahead of the next scheduled paging block reception start time, a CCCH reading is scheduled (i.e. it schedules the reading of its nominal paging block determined according to its eDRX cycle). 

-
If the device has woken up due to PSM timer expiration or due to an autonomous mobile originating access, a RACH transmission is scheduled.

Ideally the synchronization, C1/C2 criteria checking and cell identification are all performed within short sync interval consisting of N bursts (i.e. the short sync interval is N*577 µsec long).  The length of this short sync interval is implementation specific but is estimated to vary between 3 to 10 ms.

It should be noted that the serving cell might not be the best cell to stay camped on, but if the device manages to successfully perform the tasks associated with the short sync interval it will be considered as a sufficiently good cell to stay camped on. In other words, the net effect of performing the short sync procedure is that a device confirms that the serving cell continues to be suitable even if the serving cell may not be the best cell. As such, only when the short sync procedure fails (i.e. the serving cell is no longer suitable) will the device perform the long sync procedure which includes neighbour cell measurements and possibly a subsequent cell reselection.
7.4.2.3
Serving Cell Verification when Short sync is employed
During the short sync interval a device tries to determine if it is still in the same serving cell since the last time it performed a short sync (i.e. it checks for the possibility of co-channel reception). Accordingly, it checks if the TSC value is the same as when it last performed the short sync procedure. It does this by either reading the TSC indicated by a Normal Burst (NB) received on TS0 of the BCCH frequency or by decoding a SCH burst on TS0 of the BCCH frequency and examining the BSIC value carried therein (i.e. the TSC value is indicated by the base station colour code portion of the BSIC). The device therefore confirms the current serving cell to be the same serving cell as when it last performed the short sync procedure by matching its last received TSC value to the TSC value received in a NB received on TS0 of the TDMA frame structure or to the TSC value identified by reading the BSIC from the SCH. 

In addition, if the C1/C2 criterion is fulfilled then it verifies the TSC to confirm there has been no change of serving cell and confirms that the signal strength of the serving cell is still good enough to be camped on to monitor CCCH or to send a report (e.g. as per the Mobile Autonomous Reporting or Network Triggered Reporting cases) or send a Routing Area Update (RAU) Request.

The device over time gets an understanding of its mobility or rate of mobility. If any tasks performed during the short sync interval fail to be performed successfully (see Section 7.4.2.2) then a long sync procedure (see Section 7.4.3) and, whenever necessary, also a Cell Update or a Routing Area Update will be performed. Hence depending on the mobility expected it may be advisable for a device that makes use of eDRX based reachability to wake up sufficiently long before the start of its next nominal paging group to allow for a short sync procedure (that might fail), a subsequent long sync procedure and a Routing Area Update to be performed. If the short sync procedure is successful the device would go back to sleep for the remaining time before its nominal paging group occurs according to its eDRX cycle.  

A device that makes use of PSM based reachability where support for low latency alarm reporting is required will, upon experiencing failure of the short sync procedure, perform a long sync procedure and potentially a Routing Area Update prior to sending its pending report. This therefore impacts the latency associated with alarm reporting but is expected to occur very infrequently given that little if any mobility is expected for a device that requires low latency when sending alarm reports. Note that the short sync procedure takes very little time in comparison to the long sync procedure.
7.4.2.4
Mobility in Packet Transfer Mode
The serving cell used at TBF establishment is expected to be sufficient for completing uplink/downlink data transmission without concern for the possibility of cell change since relatively small volumes of payload are expected to be transferred. As such, no neighbour cell measurements need to be performed during packet transfer mode.
·    For the Mobile Autonomous Reporting case if the uplink transmission fails (abnormal UL TBF release mainly due to link issues) then the device performs the long sync procedure, finds a new cell and tries to send the payload again.

·    For the Network Triggered Reporting case the corresponding page response is so short that the likelihood of UL TBF failure when sending the page response is very low. But if it happens the device performs the long sync procedure, finds a new cell and tries to send the page response again.

·    For the Network Triggered Reporting case, assuming the page response is successful but the subsequent downlink transmission (used to send the trigger) fails because a data block with FBI=1 is not received (i.e. T3190 expires, abnormal DL TBF release), then the device performs the long sync procedure, typically finds a new cell, does a cell update (since the Ready timer is likely still running) and may therefore still receive the downlink payload in the new cell (e.g. the application layer may timeout and resend the trigger).
·   For the Network Triggered Reporting case where the Page response and the corresponding DL transmission (containing the trigger) are both successful but the subsequent UL data transmission (user data payload) fails due to link layer issues (PUAN is not received), the device performs the long sync procedure, typically finds a new cell and tries to send the user data payload again.
7.4.3
Long sync procedure

The long sync procedure is performed if any of the tasks performed during the short sync interval fail to be performed successfully as stated in Section 7.4.2.2. In addition, there are other events that can trigger a device to perform the long sync procedure:
·    PCH decoding error (see Event A of section 7.3.1) which can occur even when the short sync procedure is successfully completed. However, it is implementation specific regarding when a PCH decoding error will trigger the long sync procedure. For example, if a device successfully read its nominal paging group during the previous eDRX cycle but fails to do so during the current eDRX cycle then it may simply note the PCH decoding error and try reading its nominal paging group in the next eDRX cycle. 
·    BCCH decoding error (see Event B of section 7.3.1) which can occur whenever a device attempts to refresh its system information. However, it is implementation specific regarding when a BCCH decoding error will trigger the long sync procedure. The frequency with which MTC devices attempt to perform system information refresh is FFS but is expected to be substantially less than that of legacy devices.
When performing the long sync procedure the device performs the RSSI scan of several carriers (which may take into account already existing knowledge of other carriers), searches for the FCCH on a selected carrier and attempts to read TDMA FN information from the corresponding SCH as performed during the initial cell selection task (i.e. it follows legacy procedures), which could take from 2 to 5 seconds.  As such, it is expected that the long sync procedure will typically result in a cell reselection though it is possible that the same serving may be identified as the best cell.
7.4.4
Energy consumption for long and short sync
As shown in Table 7.4-1 the long sync procedure consumes approximately 600 times more energy than the short sync procedure and it is therefore always desirable to manage the sync up process with a short sync.
Table 7.4-1. Estimated time of short sync up and long sync up procedures
	
	Short and long sync up procedures

	
	Short Sync1
	Long Sync2

	Execution time
	~3 to 10 ms
	~2-5 sec

	Energy consumption per execution
	~3*10-3 * 3.3* 30*10-3 = 297 µJ
	~ 2 * 3.3* 30*10-3 = 198 mJ

	NOTE 1: Short sync is performed with the implementation assumptions/optimizations as discussed in section 7.4.2. 

NOTE 2: Long sync is performed assuming device has no knowledge of existing carriers


7.4.5 

Specification Impact

The specifications impacted due to the introduction of the reduced requirements on reachability and mobility for device that support Power Efficient Operation are listed in Table 7.4-2.
Table 7.4-2. Specification Impact due to Reduced Reachability/Mobility
	Specification
	Description

	45.008
	Relaxed requirements in idle mode and packet transfer mode:

-      Continue to camp on the current serving cell as long as it remains suitable (TSC value confirmed, C1/C2 criterion is fulfilled) i.e. no neighbour cell measurements performed in packet idle mode as long as the serving cell remains suitable.

-    Serving cell used at TBF establishment expected to be sufficient for completing uplink/downlink data transmission i.e. no neighbour cell measurements performed during packet transfer mode.

-    The periodicity for verifying the suitability of the current serving cell is implementation specific. It is determined by a device based on its knowledge of the rate at which its time and frequency base drifts over time and the maximum error that it allows to accumulate prior to correction.
-    Performing neighbour cell measurements only when the current serving cell is no longer considered to be suitable.

	51.010
	Mobile Station conformance specification


	End of modifications
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