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A Solution to Long Paging cycles for MTC devices

Introduction
One technical paper on “Longer Paging Cycle for the MTE use case” was submitted in 3GPP GERAN#58 [1]. This proposal provides solutions for the possibility of introduction of a long paging cycle in the context of the LS on requesting input on MTCe solutions received from SA2 to GERAN2#57. 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 (3GPP TS 44.018 chapter 10.5.2.11) and varies 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, 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 doing lot of other idle mode activities. This makes lot of overhead and fast battery draining especially for MTC types of devices. Here, this proposes solutions to reduce this energy consumption in idle mode, which leads to significant amount battery power reduction.
The existing specification assumes that the requirement for reachability of each mobile station is time critical, i.e. communication that has to be initiated as soon as possible after initial reception of an incoming paging message within the core network. 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. This prevents prolonged sleep in MS. For less time critical applications, e.g. for certain types of MTC applications(like Sensors) , this might be unnecessary since a significant percentage of these applications are not expected to be especially time critical regarding the downlink communication mechanism used for payload delivery because the payload itself is not very time critical. If the paging group monitoring is done more infrequently for devices that require less time critical communication then less energy would be consumed in these cases. 
There were two solutions proposed in GERAN#58. Here, in this paper a potential solution to address the problem of excessive power consumption due to unnecessary time critical management of downlink communication (paging) is described, which will be very beneficial for devices where battery power is a major bottleneck for its operation (e.g. they may not have access to external power) and not requiring a time critical paging mechanism for cases where fast delivery of downlink payload is not necessary.
Proposal
The proposal is to introduce a longer paging cycle for devices used for less time critical communication to mainly save MS power. These devices would be identified by the network at registration (e.g. based on information included in registration related NAS signalling or based on subscription information maintained by the HLR), so the network is aware about the device type and the presently set DRX period for those devices. Correspondingly it could take appropriate actions whenever downlink payload becomes available for these devices and it sends a paging notification towards the set of BSS managing cells in the applicable paging area. 
MS in idle mode wakes up from sleep periodically, and performs the necessary tasks specific for idle mode and then again goes to sleep mode. In the sleep mode, it cuts the clock to most of the modules and thereby operates in a power saving mode. The fact is, the longer the sleeping period the more the power saving. So, to maximize the power saved in power saving mode, the best option will be to prolong the sleep duration (i.e. increase the time between consecutive instances of waking up to perform idle mode tasks). This proposal tries to solve this objective. 
Generally, MS performs the following steps while in the idle mode (once it has camped to a suitable serving cell):
(1) Read BCCH information for BA list: MS reads BCCH to get neighbour cell list.
(2) Make RSSI Measurements for  the neighbor cells identified using step (1).
(3) BSIC Identification: read FCCH and SCH of the cells in the cell data base (neighbor +          serving) 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: 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. Here, in proposal this overhead is reduced by abolishing the execution of the above tasks on a periodic basis and instead executing them on a as needed basis. 
The proposal is as follows: idle mode - 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. Rather MS will follow the procedure as described in figure below.


Now, once the long DRX period is set, it is proposed that the MS will only wake up e.g. 5 slots earlier than its nominal long DRX paging block (determined according to the actual long DRX wakeup time) on its serving cell to perform some limited initial check and sync up operations. A MS will thereby verify whether or not it is already in-sync with the same serving cell it was camping on when it last successfully performed these limited operations (when the limited operations are performed the serving cell might not actually be the best cell at that point, but if the MS is still synchronized with the serving cell then it will be considered as sufficient to proceed). The steps corresponding to these limited operations are as below:

(1) Tune to the RF of the serving cell’s beacon frequency and measure RSSI thereon.  
(2) Compare and find whether the RSSI of the serving cell is still higher than a threshold or not.
(3) If the result of step (2) is yes, that indicates MS can continue with its current serving cell. 
a. Do a short sync up procedure, where it 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), do the frequency and time correction, then schedule the CCCH reading (i.e. it schedules the reading of its nominal paging block determined according to the long DRX mode).
b. If CCCH reading is successful (i.e. a valid radio block is read), then MS acts accordingly and goes to sleep again after scheduling its next wakeup according to the long DRX mode wherein it will wake up a few TS early (e.g. 5) to perform the limited initial check and sync up operations. Else if unsuccessful (i.e. a valid radio block is not read), then MS schedules its next wakeup according to the long DRX mode  but it will wake up much earlier (3 to 5 sec) before its nominal long DRX paging block and perform the initial cell search method (what is normally executed after the power ON). That means it 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. All these will be done before its nominal long DRX paging block (due to that it has awakened 3-5 sec earlier than its nominal long DRX paging block).  Then it schedules CCCH reading and time there is a high possibility that CCCH reading will pass (be successful).  If it passes, then it will go to sleep according to the long DRX mode and when it next wakes up it will only perform the limited initial check and sync up operations, else it will again schedule its next wakeup according to the long DRX mode but will wake up much earlier (3 to 5 sec) before its nominal long DRX paging block and perform the initial cell search method.
(4)  If the result of step (2) is no, that means the present cell is not suitable for signal reception, in which case the MS schedules its next wakeup according to the long DRX mode but will wake up much earlier (3 to 5 sec) before its nominal long DRX paging block and perform the initial cell search method as discussed above in step (b). 
(5) As an option, to allow a MS to still have a chance to receive any page the BSS might have sent it using its nominal long DRX block if the result of step (2) is no, the MS could instead proceed as follows: 
· immediately perform the initial cell search method and then immediately schedule the reading up to ‘N’ paging blocks (in the new serving cell) determined according to its short DRX mode (legacy DRX mode) on the CCCH where N can have a default value (e.g. 2) or be sent as part of system information on BCCH of the new serving cell.
· this means that each BSS managing cells in the paging area will, after sending an initial page according to the long DRX mode in each cell of the paging area and failing to receive a corresponding page response, repeat the page up to ‘N’ times in each of these cells according to the short DRX mode starting ‘X’ seconds  after concluding that it failed to receive a page response for the initial page (where ‘X’ reflects the amount of time a MS needs to perform the initial cell search method)
· we expect the number of short DRX mode paging blocks occurring between two long DRX mode paging blocks to be quite large which means even if e.g. the MS reads 3 or 4 short DRX mode paging blocks in the new serving cell it will still be a dramatic reduction in the total number of paging blocks it reads compared to what it would have read over the period of a long DRX mode cycle using legacy DRX mode.
· how much time a MS needs to perform the initial cell search method will determine how long the SGSN should wait after it determines that it has not received a response to the initial page and begins sending up to ‘N’ repeats of the initial page according to the short DRX mode. 
· if performing initial cell search method results in the MS winding up in a different Routing area then it may also mean the MS has moved to a different paging area in which case it will not receive any of the up to ‘N’ repeated pages but this shouldn’t occur very often.  
After scheduling and successfully reading a radio block in one of the up to ‘N’ nominal short DRX mode paging blocks, the MS will act on the content of that radio block accordingly and then go to sleep again after scheduling its next wakeup according to the long DRX mode. Otherwise, the MS schedules its next wakeup according to the long DRX mode but will wake up much earlier (e.g. 3 to 5 sec) before its nominal long DRX paging block and perform the initial cell search method again as described above.

Options
As described above, there will two configurations – Long and short DRX. There could be several different options for the configuration switching between Long and short DRX configurations, for example some options are described as below:
1. For Long DRX capable Devices, the CN could change the paging repetitions and duration in case paging Response is not received after X amount of time
1. In case an MS losses sync while reading Paging message, it would 
1. Send an indication to CN indicating the non reception of paging response. On reception this message CN could retransmit the page at a shorter duration of time
1. Send an indication to BSS.BSS would normally keep the paging messages for a little longer time than non-long DRX capable devices so that on reception of such special indication, it could retransmit the page instead of involving CN
1. BSS keeps tab of the paging messages for long DRX devices for a longer period of time. Also it keeps tab of the response from the particular UE after Page. If not received after X amount of time, it can retransmit the page by itself without involving SGSN.

Power saving gain using this proposed method

There is huge power saving gain obtained using this proposed method. For example, if the DRX cycle of legacy is 10 min and new long DRX cycle is 1000min and the observation period for battery energy saving is say 3 days (which is the normally battery back time), then it is found that the energy saving ratio will be  almost 3000 times. 
The detailed computation is provided in the attached xls for reference.
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In normal scenarios, most of the time the short sync up will be happening as the serving cell’s signal strength does not change so frequently in normal operation. That will help to save lot of power as MS will avoid idle mode tasks most of time.
Advantages
The above approach gives the following advantages to a Mobile station
(1) This proposed method will help MS devices to stay for a long period in the sleep mode.
(2) Earlier MS needs to wake up for doing several tasks related to idle mode that is now not required, so MS will wake up only in the DRX cycle and do the required thing. This elongate the sleep duration and that saves lot of MS power. 
(3) The power saving ratio between the existing method and the newly proposed method is very significant.
(4) Here, MS does not have to do the periodic RSSI meas, BSIC conf/re-conf, BCCH reading etc. So, no need to wake up intermediately. MS will only wake up at the DRX cycle. Now, the DRX cycle could be anything, no limitation as such.
(5) This method will be very helpful for MTC devices where power is a big problem especially for sensor type of devices.
The MS can still have a very good chance of receiving an initial page that was missed on its nominal long DRX mode paging block by immediately performing the initial cell search method following the detection of an RRSI on the serving cell (detected using the limited initial check and sync up operations and determined to be of less than an acceptable threshold) and then looking for up to N repeats of the initial page using its short DRX mode in the new serving cell. 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.
Conclusion
It is proposed that a device in a long DRX mode would not do any periodic idle mode procedures  except to wake up during the dRX to re-synchronize. In case of synchronization loss, the Mobile would re-synchronize to the network either camping on the same cell or a new cell using a regular cell selection principle. The various alternatives above provide a means of better utilizing the resources if synchronization is lost. 
The behavior during Uplink data transmission is for further study.
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										T_drx = T_wakeup + T_sleep

		T_ccch (ms)		T_bsic_sch (ms)		T_bcch_ba (ms)		T_rssi (ms)		T_wakeup (ms)		T_sleep (ms)		T_sync_short (ms)		T_sync_long (ms)		I_sleep_floor_curr (mA)		I_wakeup_floor_curr (mA)		I_RF_ON_Rx (mA)		I_RF_ON_TX (mA)		Vcc (v)

								mW		mJ								0.05		1.5		30		400		3.3

		PC_ccch = P_ccch_rf + P_ccch_bb =						3692		4000

		PC_bsic = P_bsic_rf + P_bsic_bb =						115400		200

		PC_ba = P_bcch_rf + P_bcch_bb =								6000

		PC_rssi = P_rssi_rf + P_rssi_bb =								10000

		PC_short_sync =								300

		PC_long_sync =						923000		900000

		Probability_of_CCCH_Read_failing_1st_instance = alpha =

		DRX Cycle Legacy (in min)						10		min				You can change the Red colour numbers according to seeting

		DRX Cycle New (in min)						1000		min

		Observation Period=				day		min

						3		4320

		PC_ccch (mJ)		PC_bsic (mJ)		PC_ba (mJ)		PC_rssi (mJ)		PC_short_sync (mJ)		PC_long_sync (mJ)		Probability of 1st CCCH fail

		4000		200		6000		10000		300		100000		0.4

		Occurance of CCCH reading in observation peiod		Occurance of BSIC reading in observation peiod		Occurance of BA reading in observation peiod		Occurance in observation peiod		Occurance of short Sync in observation peiod		Occurance of long sync in observation peiod

		4.32		0		0		0		2.592		1.728

		432		8640		8640		51840

				mJ

		Power Consumption (mJ) Legacy		573696000

		Power Consumption (mJ) New		190857.6

		Power Saving Ratio (Legacy/New)		3005.8850158443
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RSSI (serving cell) is still higher indicates that the cell is still good cell to decode CCCH (but probably it might not be the best cell). 


Do a short sync up by-
1. Read two bursts I,Q data
2. Search TSC data in that received data
3. Do AFC, ATC and synchronize
4. Schedule for CCCH block reception


Decode CCCH block data -
If CRC passes- pass the data to higher layer and continue as it is 
If CRC fails- then schedule long sync by doing the full Cell search procedure before getting ready for CCCH reading in the next time DRX wake up period. Which will help for successful CCCH reading in the next time. 
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