3GPP TSG GERAN#60

Tdoc GP-131045
Zhuhai, P.R. China

Agenda item 7.1.5.4, 7.2.5.3.7
18th– 22nd November, 2013
Source: Telefon AB LM Ericsson
3GPP TSG GERAN#60

Tdoc GP-131045

A solution to long paging cycles for MTC devices 
(Update of GP-130973)

1 Introduction

One technical paper on “Longer Paging Cycle for the MTC use case” was submitted in 3GPP GERAN#58 [1]. The proposal introduces longer paging cycles in GERAN as a response to the LS from SA2 to GERAN2#57 [3], on requesting input on MTCe solutions.
This discussion paper is a continuation of [1] with more focus on the MS idle mode behavior when using long paging cycles in GERAN. The discussion paper also evaluates battery savings possible to achieve with the proposed solution.
2 Background 
In a GSM network today, each registered mobile station has to monitor its own paging group on the paging channel periodically with a periodicity set by the parameter BS-PA-MFRMS (see [2] sub-clause 10.5.2.11). The period is possible to set between 0.47 and 2.12 seconds. The length of the cycle is set in relation to achieve an acceptable responsiveness for mobile terminated call set-up procedures and to balance the MS battery lifetime.
Today, an MS wastes significant amount of energy on decoding and processing received information, which is not intended for it by periodically checking for an incoming paging messages and also by other idle mode processing intensive overhead activities necessary to ensure it remains available for page reception. This will have impact on battery life which is especially detrimental for MTC type of devices, without access to external power.

3 Existing specification

The existing specification assumes that the requirement for reachability of each mobile station is time critical, i.e. communication shall be initiated as soon as possible after the initial paging message from the core network has been received. This process means that each mobile has to spend a significant amount of energy on decoding information not intended for it by periodically checking for an incoming page each time its paging block occurs as well as make sure that it is properly synchronized with the network. This behavior prevents prolonged sleep for the MS. For less time critical applications, e.g. for certain types of MTC devices (like sensors), this is unnecessary since the majority of these devices are expected to be time tolerant regarding downlink payload transfer.  

4 Proposal
In addition to prolonging the paging cycles as already discussed at GERAN#58 [1], the objective of this paper is to propose further modifications to the idle mode behavior in order to maximize the power savings. 
In general, an MS performs the following processing overhead steps while in idle mode (once it has camped to a suitable serving cell) in addition to monitoring its own paging group on the paging channel:
1. Read BCCH information for BA list: MS reads BCCH to get neighbor cell list.

2. Make periodic RSSI Measurements for the neighbor cells identified using step (1).

3. Identify BSIC by reading FCCH and SCH of the cells in the neighbor cell list to identify the cell-ID. If new cell found add to the cell data base for periodic monitoring.

4. BSIC reconfirmation: re-confirms cell-ID of the already detected neighbor and serving cells by reading SCH. 
5. Cell reselection: periodic neighbor cell measurements/BCCH Read and camp to best detected neighbor cell.
6. LA/RA update: perform NAS procedures for updating the LA and RA as needed.

7. AFC: does the frequency correction of the local clock.

All these tasks put a significant burden on MS in idle mode that leads to significant power consumption just to keep the device synchronized with the network for receiving paging messages in a time critical manner. 
4.1 Mobile terminated traffic

It is proposed that the processing overhead is reduced by abolishing the execution of the above tasks in idle mode on a periodic basis and instead executing them on an as needed basis as follows: 

· No periodic RSSI measurement.
· No background neighbor cell search.
· No BA list reading e.g. no BCCH reading every 30 sec. 
· No SCH reading for BSIC reconfirmation every 30 sec.
· Follow the procedure as described in figure 1 on as needed basis.
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Figure 1, Proposed MS activities and processing flow in idle mode
Once the long DRX period is set, the MS will wake ahead of time (e.g. 5 slots) to its nominal long DRX paging block on its serving cell to perform measurements and sync up operations.
An MS will thereby verify whether or not it is already in sync with the same serving cell it camped on in its last wake up period. The serving cell might not be the best cell to camp on, but if the MS is still synchronized with the previous serving cell, it will be considered as a sufficiently good cell. 
The steps for the measurement and sync up operation are listed below:

1. Tune to the RF frequency of the serving cell and measure RSSI.  

2. If the RSSI is fulfilling the C1/C2 criteria
a. Do a short sync up procedure, where the MS will search the TSC number in any received normal burst (to confirm the cell ID has not changed since the last time it successfully performed the limited set of operations), the frequency and time correction. 
b. Schedule the CCCH reading (i.e. it schedules the reading of its nominal paging block determined according to the long DRX mode).
c. If CCCH reading is successful the MS reads the CCCH block sent within its paging group which occurs shortly after the successful CCCH reading and if a matching page is found it acts on it. If no CCCH block is received, it goes to sleep to schedule its next wakeup in the next DRX cycle according to 1).
d. If CCCH reading is unsuccessful, the MS schedules its next wakeup in the next DRX cycle but will wake up to perform initial cell search (e.g. 3 to 5 sec) as typically executed after the power ON
. When done, it schedules the CCCH reading 2b).
2. If the RSSI is not fulfilling the C1/C2 criteria, or if the CCCH reading is unsuccessful, an alternative to doing the initial cell search of step 2d) is for the MS to measure RSSI in the last provided BA list. If C1/C2 is fulfilled it schedules its next wake up according to 2). If not 2d) is followed. 
4.1.1  Proposal for quick Sync in case of Paging Block reception Failure
As an option, to allow a MS to still have a chance to receive a page the BSS might have sent using its nominal long DRX block for the case of first paging block reception failure (2d) the SGSN, BSS and MS could further proceed as follows (see Figure 2):
1. The SGSN would after NOT receiving a response to the page determined by the long DRX cycle trigger the sending up to ‘N’ repeats of the initial page according to the short DRX mode (N can have a default value (e.g. 2), or be sent as part of System Information on BCCH of the new serving cell). The repetition should be sufficiently delayed to allow the MS to, if needed, find a new suitable cell to camp on. 
2. The BSS would in turn page the MS on paging blocks according to the short DRX mode. 

3. The MS would immediately perform initial cell search and upon finding a suitable cell, schedule the reading of up to ‘N’ paging blocks determined according to its short DRX mode (legacy DRX mode).
4. After successfully reading the page, the MS will act as per legacy procedures. If no page is found, it will go to sleep again after scheduling its next wakeup according to the long DRX mode. 
This may be of importance for the case where payload delivery, though not time critical in general,  should still be performed within the time period spanned by a long DRX cycle as this may be part of the contracted quality of service for a given MTC application. 
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Figure 2, Illustration of repetition of paging according short DRX cycle just immediately following a page according to long RDX cycle.
4.2 Mobile originating traffic
If during the long DRX cycle the MS needs to transmit something in the uplink (on reception of data from the application layer) the RR layer follows the procedures described in 4.1 to synchronize to the cell. When synchronized, the MS follows legacy procedures. 

5 Options for Paging Repetition
As described above, there will be two configurations – long and short DRX. There could be several different options for how to realize a paging repetition for the case where a MS is unable to read its nominal paging block while in a long DRX configuration. One such example option of Dynamic conversion from long and short DRX is briefed in section 4.1.1. 
Another aspect to keep in mind is that the SGSN has no idea of when in time the nominal paging group occurs as it is only the BSS that have detailed knowledge of when the nominal paging group occurs in the time domain for any given MS. Moreover, if the nominal paging group is far into the future (tens of minutes to hours or days) the BSS may not be able to store the page until the nominal paging groups occurs. Now, since it is the responsibility of the SGSN to handle repetition of paging there may be a needed for the BSS to notify the SGSN when the nominal paging group occurs. This could be solved by rejecting the page from the SGSN if mobiles paging group is faraway and subsequently indicate to SGSN to re-page after X min or hours.
Yet another aspect to keep in mind, when using long DRX cycles, is that the page may be discarded due to paging congestion in the BSS at the time of delivery.  It could therefore be beneficial to signal paging congestion on the paging channel to allow an MS in long DRX mode to temporarily, e.g., switch to short DRX mode and thereby increase the paging success rate. This could be achieved by reusing the extended paging page mode or by introducing a new flag.
6 Power saving gain using this proposed method

Power savings achieved by applying the procedures in Section 4 are exemplified in this section. 
For example, if the DRX cycle of legacy is 15 sec (Split paging cycles on CCCH) and new long DRX cycle is 1000 min and the observation period for battery energy saving is say 3 days (assumed to be a typical battery back-up time), it is found that the energy saving ratio (gain in the power consumed in legacy idle mode operations compared to the new proposal) will be almost 3292 times.   With these assumptions and assuming no UL or DL data transfer a legacy stationary device battery lasting 3 days can now last roughly 27 years.
The detailed computation is provided in the Annex.
It should be noted that in normal scenarios, only the short sync up procedure is needed since the serving cell’s signal strength does not change frequently in normal operation and a large number of the devices expected to benefit from the power savings proposals described herein will be stationary.

7 Specification Impact

The feature is supported in the MS by a capability indicator for long DRX. 

The main specifications that would be impacted are listed in Table 1.
Table 1. Specification impact

	Specification
	Description

	23.060
	Overall description

	45.008
	Idle mode behavior for MS supporting long DRX

	44.018
	Signaling support

	44.060
	Signaling support

	48.008
	Layer 3 signaling support

	24.008
	MS capability signaling

	48.018
	BSS-SGSN interface updates


8 Summary

As discussed in GERAN#58 power savings due to long DRX cycle are only feasible if the idle mode tasks are optimized as well. This paper analyzes the scope of the idle mode tasks and proposes modifications which enable remarkable power savings in conjunction with long DRX cycle. The modifications are mainly in the direction of executing the idle mode tasks on an as is needed basis instead of periodic basis.

Given the considerable power savings and that the effort to implement these proposals (only SW upgrades) in the BSS and MS is low it is recommended to pursue both of these proposals within the Rel-13 time frame.
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10 Annexure
10.1 Power Saving Calculation  (1 Example)
10.1.1 DRX and Observation Period

Table 2. DRX and observation period.

	Period
	Time

	DRX Cycle Legacy
	15 sec

	DRX Cycle New
	1000 min

	Observation Period
	3 days = 4320 min


10.1.2 Current Power Consumption figures 

Table 3. Power consumption figures for different procedures.
	Procedure
	Power consumption [J]

	CCCH
	400

	BSIC Reading
	200

	BCCH Reading
	6000

	RSSI
	10000

	Short Sync
	300

	Full Sync, full FCH read
	100000


10.1.3 Occurrences in the Observation Period

Table 4. Occurrences of different procedures during observation period.

	
	CCCH reading
	BSIC reading
	BA reading 
	RSSI
	Short Sync
	Long Sync

	Legacy
	17280
	8640
	8640
	51840
	-
	-

	New proposal
	4.32
	0
	0
	0
	2.591
	1.731

	NOTE1: Probabilty of 1st CCCH fail is assumed to be 40%


10.1.4 Total Power Consumption and Savings

Table 5. Total power consumption.
	Power Consumption (J) Legacy
	578880000

	Power Consumption (J) New
	175824

	Power Saving Ratio (Legacy/New)
	3292


� The MS will scan through the frequencies and according to the measured strongest RSSI, it will detect FCCH and SCH and do the proper (full) cell selection operations
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