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Deferred System Information Acquisition for PEO, 
Concept Design and Evaluation
Introduction
At RAN6#8, the concept design for deferred system information acquisition for EC operation [1] was agreed to be introduced into Rel-15 specifications. Related Stage-2 and Stage-3 descriptions [2] [3] [4] were agreed and approved at RAN#80. 

In the work item objectives in [5], the investigation of applicability of the considered enhancements to PEO is also mentioned:

---------- Extract of Work Item Objectives -----------------

The work will include investigation of similar enhancements for PEO devices, and their related specification in case sufficient performance gain is verified: 
- 	Defining a new logical channel as part of the common control channel for paging indication and for enhancing System Information acquisition of neighbor cells.
- 	Modification to System Information messages for enhancing System Information acquisition of neighbor cells.
The introduction of the new functionality shall be backward compatible.

---------- End of Extract -----------------

This contribution investigates the applicability of deferred system information acquisition to PEO. Section 2 provides the concept design for PEO aligned to that for EC operation [1]. Section 3 considers energy consumption aspects, section 4 provides an overview of the required normative work and section 5 draws conclusions. 
This contribution is an update of [6] with cyan marked text additions.

Concept design for deferred SI acquisition FOR PEO
This section analyses firstly the behaviour of a legacy PEO device as introduced into 3GPP Rel-13 specifications and secondly depicts enhancements related to deferred system information acquisition to be specified for Rel-15.
SI acquisition for legacy PEO device
For Rel-13 PEO device, when camping on a serving cell in idle mode, prior to monitoring its paging block, it needs to do following tasks related to serving cell (see TS 43.022 and TS 45.008):
· BSIC confirmation for the serving cell (i.e. check of change in 9-bit BSIC), 
· Evaluation of the C1 criterion for the serving cell by measuring the wanted signal level RLA_C at least over 5 s, and checking if the C1 criterion is met, i.e. C1 ≤ 0. It is noted BSIC confirmation for the serving cell and evaluation of the C1 criterion need not be performed more often than once every 30 seconds due to relaxed mobility requirements for PEO.
· Comparison of the latest C1 value of the serving cell against the best C1 value of the serving cell and there after determining if the difference exceeds the calculated C1_DELTA value, i.e. C1_DELTA criterion is met.
· Check if last evaluations of C1 and C2 criteria are older than 24 hours. 
· Check if a DL signalling failure was declared or if the serving cell becomes barred.
If either of the above criteria is met, a cell reselection is triggered and the C2 criterion is evaluated for non-serving cells. Thus, the device needs to do following tasks related to non-serving cells (see TS 45.008):
· Prior to running the cell reselection algorithm, the MS is required to measure the wanted signal level of non-serving cells (neighbour cells and other identified cells during cell search).  
· It then needs to read the BCCH of the N strongest neighbour cells (3 ≤ N ≤ 6, N being implementation specific) to obtain all parameters relevant for cell reselection, paging monitoring, cell barring and system access.
· Upon reading the BCCH of the strongest neighbour cells, the MS performs the evaluation of the C2 criterion and selects to the cell with the highest C2 value. 
With this procedure, at the time of reselection to the new cell with the highest C2 value, the MS has available all necessary information related to this new cell. However, it has also read the BCCH of other neighbour cells which it will not reselect to and thus it has spent energy and time to receive information which will not be required in the further operation. Hence the idle mode operation is not energy efficient. 
In case the network supports transmission of cell reselection parameters for neighbour cells in SI2n (e.g. the network may do this in order to signal the cell reselection parameters as well as routing area assignment and cell barring status of the neighbour cells, as specified in TS 45.008), the reading of neighbour cell BCCH data can be omitted, for the purpose of identifying the best neighbour cell when cell re-selection is triggered. However, for monitoring the paging block or performing system access in the new cell, the MS has still to acquire the full system information of this cell. For instance, for determining the paging block in the new cell, the MS needs to know the number of CCCH/D time slots and the paging related configuration signalled in the Control Channel Description conveyed in e.g. SI 2 (and other SI’s).
Deferred SI acquisition for Rel-15 PEO device  
Further improved energy efficient operation of the PEO device in idle mode is achieved by following two means:
· definition of a group of cells that share idle mode mobility parameters related to broadcast frequencies, cell reselection, page monitoring, routing area assignment, mobility support and cell barring status. The related information is broadcasted in the serving cell for itself and for respective neighbour cells, i.e. typically a subset of neighbour cells (e.g. consider cells at the RA boundary). 
· deferring the reading of system information in the new cell to the point in time where a matching page has been received or after a configured timeout due to mobility or prior to an uplink transmission event. 

These are considered in more detail below.

Definition of PEO Idle Mode Mobility Cell Group
For applying deferred SI acquisition for PEO, signalling needs to be modified related to broadcast information in SI messages, carried over BCCH. In particular, when camping on a cell, the PEO device needs to check if the cell supports deferred SI acquisition. 
To identify a suitable candidate for carrying this information, the transmission of SI messages is investigated. Table 1 shows an example of a set of SI messages on BCCH Norm. 
	[bookmark: _Hlk517289481]Transmission Counter (TC)
	SI type

	0
	1

	1
	2

	2
	3

	3
	4

	4
	13

	5
	2quater

	6
	3

	7
	4


Table 1: Set of SI messages on BCCH Norm (example).
As the cell indicates support for PEO via the PEO_DSC field in SI 13, it is implicit that SI 13 carrying GPRS cell parameters must be sent and hence is always available. Table 1 shows that it is sent once in a transmission cycle of 8 * 51-multiframes (1.88 sec). This rate for SI 13 mandated in TS 45.002, i.e. TC=4 on BCCH Norm or TC=0 on BCCH Ext, is considered as sufficient for conveying the new information. The advantage of adding information to SI 13 consists in the fact that a non-GPRS capable device will not be impacted, since ignoring SI 13. A change to SI 2 and SI 3 would have yielded a larger impact (SI 3 frequency is even higher). 
In the following we depict which information is to be added to SI 13 for applying deferred SI acquisition. 
Parameters reused or added in SI messages
In order to optimize energy consumption of the PEO device, broadcast signalling is optimized to inform the device about the cell parameters of neighbour cells that identify candidates for subsequent cell reselection. To this purpose, a group of cells is defined in SI 13 message that share a set of parameters for PEO Idle Mode Mobility, named PEO IMM Cell Group, see table 2.


	Component
	Description

	PEO IMM Cell Group
	new parameter in SI 13:
IMM Cell Group Identifier for PEO (3 bits)

	PEO IMM Change Mark
	new parameter in SI 13:
Change Mark Identification of IMM Cell Group for PEO (2 bits)

	PEO IMM BCCH ARFCN’s 
	Contains the set of BCCH ARFCN’s that belong to a PEO IMM Cell Group:
parameter already sent in SI 2:
· BCCH Frequency List IE sent within the Neighbour Cell Description containing the ARFCN’s of BCCH carriers of neighbour cells
new parameter in SI 13:
· Bitmap referring to BCCH Frequency List IE in the Neighbour Cell Description (4 octets = 32 cells), see section 4.2

	Cell reselection
	Contains the common set of cell reselection parameters for cells in a PEO IMM Cell Group: 
parameters already sent in SI 3 (and SI3 rest octets):
· RXLEV_ACCESS_MIN
· MS_TXPWR_MAX_CCH
· [bookmark: _Hlk517280938]CELL_RESELECT_OFFSET
· CELL_RESELECT_HYSTERESIS
parameters already sent in SI 13 rest octets:
· LB_MS_TXPWR_MAX_CCH 
· C1_DELTA_MIN
· C1_DELTA_MAX

	Page monitoring 
	Contains the common set of page monitoring parameters for cells in a PEO IMM Cell Group: 
parameters already sent in SI 3:
· CCCH-CONFIG (sent as part of the control Channel Description)

	Routing Area Assignment 
	Contains the RA for cells in a PEO IMM Cell Group. By default, the cells belong to the same routing area: 
parameters already sent in SI 13 rest octets:
· RAC  

	Mobility Support
	Contains the common set of mobility related parameters for cells in a PEO IMM Cell Group:
new parameter in SI 13:
· Timeout for reading complete SI after last reading of complete SI in different cell (2 bits).

	Access Barring Status
	Contains the common set of cell barring status information in a PEO IMM Cell Group. 
parameters already sent in SI 3:
· CELL_BAR_ACCESS


Table 2: Components of the PEO Idle Mode Mobility Cell Group.

The parameters common for cells in the same PEO IMM Cell Group depicted in table 2 are already sent in SI 2 and SI 3 or will be included in SI 13 (as indicated in table 2). It is noted that all included cells in this group need to be PEO capable cells. Aside these parameters, the PEO IMM Cell Group defined in SI 13 contains 
· an identifier (3 bit), that identifies the PEO IMM Cell Group. Since cells belonging to a specific PEO IMM cell group are geographically located adjacent or close by, 8 different identifiers are available to distinguish PEO IMM Cell Groups in a certain geographic area of each other, i.e. one identifier value more than for EC operation (7 possible values).
· a change mark (2 bits), that operates as a modulo-4 counter and is incremented each time the content of any parameter belonging to the PEO IMM Cell Group is changed. 
· a timeout (2 bits) for reading the complete SI after last reading of complete SI in different cell. The setting of this parameter takes into account mobility of the device. e.g. for scenarios with higher mobility the timeout may be shortened. 
· a bitmap (32 bits) referring to BCCH Frequency List IE in the Neighbour Cell Description in SI 2 related to BCCH ARFCN’s used in cells belonging to the PEO IMM Cell Group, further detailed in section 4.2. It is noted that using the bitmap allows to include up to 32 BCCH ARFCN’s to the group, whilst specifying ARFCN’s in explicit form would require 10 bits per ARFCN, thus the consumed space for e.g. 8 ARFCN’s would be 80 bits rather than 32 bits, which is expected to create problems related to the available message space in SI 13 (i.e. segmentation of SI 13 would be required).
· an optional specific parameters indication for some cells, that provides information on diverging parameters in the shared cell parameter set (restriction to a few parameters subject to change across cells in this group): 
· if the paging related parameter specifying the number of multiple CCCH’s in the cell, i.e. CCCH-CONF (2 bit), is the same as the common one, i.e. default one, in the group, or may be different for a specific cell in the PEO IMM Cell Group, and  
· if the access barring status, i.e. CELL_BAR_ACCESS (1 bit), is the same as the common one, i.e. default one, in the group, or may be different for a specific cell in the PEO IMM Cell Group.  
Thus, it adds 11 to 14 bits for each specific cell (including the 9-bit BSIC), as depicted in section 4.2. In case the cell parameters are common across all cells in the PEO IMM Cell Group, the respective parameters already sent in SI 2 and SI 3 (or equivalent ones in other SI messages) are reused and this optional IE is not sent. Else a default value for the respective parameter is signalled, that is typically shared by the major subset of cells in the PEO IMM Cell Group (it may be different to the value for the serving cell). In case a cell in the PEO IMM Cell Group does not share the default value, information on the setting of one or both above listed parameters in these cells is appended together with BSIC (on a per cell basis). For few cells, such as 2 or 3, no segmentation of the SI 13 message is thus required.
If other PEO IMM Cell Group parameters (i.e. related to cell reselection or mobility support) become different, the network reconfigures SI 13 by removing the PEO IMM Cell Group definition and thus deactivating deferred SI acquisition for PEO in order to apply the legacy configuration.
The above yields following working assumptions:


WA1: A PEO IMM Cell Group, as depicted in section 2.2.1, is introduced that 
· defines common cell parameters for a group of cells as listed in Table 2, 
· has an identifier, 
· uses a change mark,
· specifies a timeout for reading the complete SI in the new cell,
· contains information on used BCCH ARFCN’s, and
· includes the option to specify specific cell parameter settings across cells for a few parameters (i.e. CCCH-CONF and CELL_BAR_ACCESS).
WA2: Changes to SI are limited to SI 13, reusing already sent parameters, thus creating minimum impact on BCCH reading time for legacy PEO / non-PEO devices. 

Fast check if cell belongs to the same PEO Idle Mode Mobility Cell Group
In contrast to EC-GSM-IoT, where EC-SCH is used to identify the cell if belonging to the same IMM Cell Group as the serving cell, SCH cannot be used to convey the new information, as there is no space left. Consequently, a different solution must be identified for PEO devices to allow for a fast check if a new cell becomes a cell reselection candidate.
As the information about the PEO IMM Cell Group is sent in SI13, which has a period of 1.88 s, reading this information for non-serving cells after performing cell reselection measurements and cell identification, which applies for PEO devices for the N strongest non-serving cells with 3 ≤ N ≤ 6 (see TS 45.008, subclause 6.6.1a.4), would add considerable latency to the procedure to identify whether the candidate cell is part of the same PEO IMM Cell Group. Thus, a different solution is investigated. 
Parameters added in Paging Request and Immediate Assignment messages
To allow for optimized energy consumption in idle mode, the PEO IMM Cell Group Identifier and the PEO IMM Cell Group Change Mark are carried not only in SI 13 but also in Paging Request Type 1, 2 and 3 and in Immediate Assignment / Immediate Packet Assignment / Immediate Assignment Extended and Immediate Assignment Reject messages, i.e. in the rest octets. 
Thus, when synchronizing to a non-serving cell, for the purpose of cell identification, the PEO device first reads the 6-bit long BSIC in the SCH, then continues to read P1/P2/P3/IA/IAR/IAX/IPA rest octets to obtain the 3-bit long RCC and at the same time the PEO IMM Cell Group Details IE. If the cell is in the same PEO IMM Cell Group and the PEO IMM Change Mark is the same as in the previous serving cell, it does not need to read the SI of the new cell for subsequent cell reselection to this cell or page monitoring in this cell.

Although the information sent in SI 13 is partially repeated with this solution, there are two advantages: 
1) the additional latency is zero, as the information is received together with RCC, and
2) energy saving achieved since there is no need for reception and detection of the SI 13 message after cell identification in case the cell is in the same PEO IMM Cell Group.  
The above yields following working assumption:


WA3: Modifications are needed to several types of Paging Request and Immediate Assignment messages to add parameters for deferred SI acquisition for PEO in available rest octets as depicted in section 2.2.2.

Defer of SI reading in the new cell
A PEO device reselecting to a cell in the same PEO IMM Cell Group will read either a Paging Request or Immediate Assignment messages (i.e. the P1/P2/P3 or IA Rest Octets) and decode both the Identifier and the Change Mark of the PEO IMM Cell Group. If the values for both parameters match with those of the last serving cell and the PEO_BCCH_CHANGE_MARK is not incremented, it will not need to read the BCCH in the new cell prior to paging. Only in case 
· a valid page is received, that requires to send a paging response, or 
· the MS needs to perform an uplink data transmission, or  
· the timer since the last reading of the complete SI in a different cell is expired, or
· the cell reselection does not result in finding a cell that satisfies the C1 and C2 criteria, 
the MS is obliged to read the complete SI in the new cell at once.
For instance, assume that a MS reads the SI in a first cell, then reselects to a second cell of the same PEO IMM Cell Group and camps on it only for a short period of time, without reading the BCCH therein, and then reselects further to a third cell of the same PEO IMM Cell Group based on the BCCH frequency list bitmap acquired in the first cell. Thus, reading of BCCH in the second cell can be avoided contributing to energy saving in idle mode. For a repeated cell reselection trigger event however, the timer since the last reading of the complete SI in a different cell may be expired, enforcing the PEO device to immediately read the full SI of the serving cell, which avoids severe degradation in mobility scenarios.

Furthermore, reading of System Information of cells that it will not reselect to, is completely avoided, reducing both latency due to time consuming reading of neighbour cell BCCHs and energy consumption of the PEO device.
The above yields following working assumption:
WA4: The MS may defer the reading of the complete SI according to the trigger criteria in section 2.2.3.

Energy saving estimation
An analysis of the energy consumption benefit based on physical parameters depicted in [7] and the same mobility profile as considered in [8] is contained in Annex A. The results are summarized in Table 3. 
	Mobility/Traffic Profile
	Battery life time (Years)

	No mobility, 1 MAR (50 bytes) /2 Hours
	17.6 [1]

	Set of strongest neighbour cells for BSIC detection: N=3 

	2 Cell changes/ hour, 1 MAR (50 bytes) /2 hours, 2 Routing area updates /day (PEO Rel-13 reference case) 
	6.75

	2 Cell changes/ hour, 1 MAR (50 bytes) /2 hours 
(PEO Rel-15 device supporting deferred SI acquisition)
	7.89

	Set of strongest neighbour cells for BSIC detection: N=6

	2 Cell changes/ hour, 1 MAR (50 bytes) /2 hours, 2 Routing area updates /day (PEO Rel-13 reference case) 
	4.51

	2 Cell changes/ hour, 1 MAR (50 bytes) /2 hours 
(PEO Rel-15 device supporting deferred SI acquisition)
	5.65



Table 3: Expected battery life time of PEO device depending on the mobility profile and on the use of System Information acquisition enhancements. Refer to Annex A for details on the estimation of the battery life time.

As depicted in [8], for the cell change part, for the PEO Rel-13 reference case without system information acquisition enhancements, the MS needs to acquire new system information 48 times on a single day for the given mobility profile. With the enhancements, the MS need not acquire system information during cell change given the cell change is within the group of cells having the same idle mode parameters, but instead only reads the full SI of the serving cell once the timeout for reading of the full SI has expired or before an uplink transmission event in the serving cell (i.e. a MAR report) is scheduled or after having received a matching page for its IMSI or P-TMSI (the latter is not taken into account in the evaluation, since considered to be rather seldom in the investigated use case). Thus, the number of times the MS acquires system information prior to monitoring the page is reduced according to the timeout setting (assumed: 2 hours) from 48 to 12 (hence each time prior to uplink transmission). With this enhancement the evaluation above shows that the battery lifetime for the same mobility profile is increased by 16.9% in case the size N=3 of the set of strongest neighbour cells for which BSIC identification and full SI reading is done, and even 25.3 % in case of set size N=6.


Specification changes
Overview of changes for deferred SI acquisition for PEO devices
	Specification 
	Required Change

	TS 43.064
	Functional description for deferred SI acquisition for PEO devices.

	TS 44.018
	Procedural descriptions need to include the handling of the PEO IMM Cell Group, if existent. Introduction of PEO IMM Cell Group definition in e.g. SI 13 message.
Introduction of PEO IMM Cell Group Details to P1 / P2 / P3 Rest Octets of Paging Request type 1 / 2 / 3 messages and IA / IPA / IAX / IAR Rest Octets of different types of Immediate Assignment messages.

	TS 45.008
	Changes to idle mode operation of PEO devices to allow for deferred SI acquisition. 


Table 4: Specification impacts. 
Changes to messages in TS 44.018 are depicted in sections 4.2 and 4.3.

Changes to TS 44.018, SI 13 (Rel-15)
Expected changes to SI 13 message are depicted below. Yellow marked parameters are part of the PEO IMM Cell Group, remaining ones are taken from SI 2 and SI 3 as given in Table 2.
-------- Extract of TS 44.018 --------
[bookmark: _Toc501564246]10.5.2.37b	SI 13 Rest Octets
The SI 13 Rest Octets information element is coded according to the syntax specified below and described in tables 10.5.2.37b.1 and 10.5.2.37b.2.
The SI 13 Rest Octets information element is a type 5 information element with 20 octets length.

Table 10.5.2.37b.1: SI 13 Rest Octets information element content
	< SI 13 Rest Octets > ::=
	{ L | H
		< BCCH_CHANGE_MARK : bit (3) >
		< SI_CHANGE_FIELD : bit (4) >

		{ 0 | 1	< SI13_CHANGE_MARK : bit (2) >
				< GPRS Mobile Allocation : GPRS Mobile Allocation IE > }			-- Defined in 3GPP TS 44.060

		{ 0						-- PBCCH not present in cell (This shall always be indicated. See sub-clause 1.8) :
			< RAC : bit (8) >
			< SPGC_CCCH_SUP : bit >
			< PRIORITY_ACCESS_THR : bit (3) >
			< NETWORK_CONTROL_ORDER : bit (2) >
			< GPRS Cell Options : GPRS Cell Options IE >							-- Defined in 3GPP TS 44.060
			< GPRS Power Control Parameters : GPRS Power Control Parameters IE >

		| 1						-- PBCCH present in cell (This shall never be indicated. See sub-clause 1.8) :
			< PSI1_REPEAT_PERIOD : bit (4) >
			< PBCCH Description : PBCCH Description struct >
		}
		{ null | L 		-- Receiver compatible with earlier release
		| H				-- Additions in release 99 :
			< SGSNR : bit >

			{ null | L 		-- Receiver compatible with earlier release
			| H 				-- Additions in release Rel-4:
				< SI_STATUS_IND : bit > 

				{ null | L 		-- Receiver compatible with earlier release
		 		| H 				-- Additions in release Rel-6:
				{ 0	| 1	< LB_MS_TXPWR_MAX_CCH : bit (5) > }
				< SI2n_SUPPORT : bit(2) >
					{ 
		 				-- Additions in Rel-11:
						< SI_CHANGE_ALT >
		 				-- Additions in Rel-13:
						{ 0 | 1 < PEO_DSC : bit (2) > 
								< RCC : bit (3) > }
						{ 0 | 1 < C1_DELTA_MIN : bit (2) >
								< C1_DELTA_MAX : bit (3) > }
						-- Additions in Rel-14:
						{ 0 | 1 < MTA_BITMAP : bit (4) > }
						< MS_ASSISTED_DCN : bit (1) >
						-- Additions in Rel-15:
						{0  | 1 < PEO IMM Cell Group Definition : < PEO IMM Cell Group 									Definition struct >> }

		 				-- Additions in future releases shall be indicated above this line
					} //		-- truncation according to sub-clause 8.9 is allowed, bits "L" assumed

				}
			}
		}
	}
	< spare padding > ;


	< PBCCH Description struct > ::=
	< Pb : bit (4) >
	< TSC : bit (3) >
	< TN : bit (3) >
	{	00 			-- BCCH carrier
		| 01 	< ARFCN : bit (10) >
		| 1 		< MAIO : bit (6) > } ;
< SI_CHANGE_ALT > ::=	L | H ;
< PEO IMM Cell Group Definition struct > ::=      -- Addition in Rel-15
   < PEO IMM Cell Group Identifier : bit (3) >
   < PEO IMM Change Mark : bit (2) >
   < Timeout Read Complete SI : bit (2) >
   < BCCH Frequency List Bitmap : bit (32) >
   { 0 | 1 < PEO IMM Cell Group Specific Parameters : < PEO IMM Cell Group Specific Parameters struct >> };
  
< PEO IMM Cell Group Specific Parameters struct > ::=
   < Nb_NCELL : bit (4) >
         {
           < BSIC : bit (9) >
    			{ 0 | 1	< CCCH-CONF_SPECIFIC : bit (2) > }
		{ 0 | 1	< CELL_BAR_ACCESS_SPECIFIC : bit (1) > }   
         } * (val(Nb_NCELL)+1) ;
    { 0 | 1	< CCCH-CONF_DEFAULT : bit (2) > }
    { 0 | 1	< CELL_BAR_ACCESS_DEFAULT : bit (1) > };  




-------- end ------------
Note, BCCH Frequency List Bitmap IE represents a bitmap for up to 32 BCCH ARFCN’s of GSM neighbour cells contained in the BCCH Frequency List IE sent in SI 2 and informs whether the respective ARFCN is part of the same PEO IMM Cell Group. A maximum of 16 cells can be indicated via the parameter Nb_NCELL for which cell parameters deviate from the common shared set using default parameters. If no PEO IMM Group Cell Specific Parameters are sent, the consumed message space for deferred SI acquisition in SI 13 is 41 bits and hence fit into one SI 13 message block.
The above yields following working assumption:
WA5: Changes to SI 13 message are needed, as depicted in section 4.2. The new IE is optional allowing for deactivating deferred SI acquisition for PEO in network deployments for which System Information needs to be reconfigured more frequently or for which adjacent cells' idle mode mobility parameters differ too much. The deactivation is indicated by removing IMM Cell Group Details from CCCH/D (see section 4.3).

0. Changes to TS 44.018 for P1 / P2 / P3 and IA Rest Octets (Rel-15)
To allow for fast information update of the MS whether the candidate cell for cell reselection belongs to the same PEO IMM Cell Group, the details are sent in P1/P2/P3 Rest Octets as well as in the IA Rest Octets. Below the expected changes for the P1 Rest Octets are shown and similar changes are needed for the other CCCH/D messages.  
-------- Extract of TS 44.018 --------
[bookmark: _Toc501564215]10.5.2.23	P1 Rest Octets
The P1 Rest Octets information element contains information about the status of information on an existing NCH, priority levels, notification and packet page indications applied for mobile station identities, MBMS Notifications, a segment of an ETWS Primary Notification message and spare bits.

The P1 Rest Octets information element is a type 5 information element with 0-17 octets length.
	{	< P1 Rest Octets > ::=
	{L I H < NLN(PCH) : bit (2) > < NLN status(PCH) : bit >}
	{L I H < Priority1 ::= Priority >}
	{L I H < Priority2 ::= Priority >}
	{L | H < Group Call information >}
	< Packet Page Indication 1 : {L | H} >
	< Packet Page Indication 2 : {L | H} >
	{	null	 | L 				-- Receiver compatible with earlier release
		| H	 					-- Additions in Release 6 :
			{ 0 | 1
				{	00		< CELL_GLOBAL_COUNT:bit(2) >
					| 01	< CELL_GLOBAL_COUNT:bit(2) >
							< VSTK_RAND : bit (36) >
					| 10	< Reduced_GCR : bit (28) >
							< VSTK_RAND : bit (36) >
					| 11	< CELL_GLOBAL_COUNT:bit(2) >
							< Reduced_GCR : bit (28) >
							< VSTK_RAND : bit (36) >
				}
			}
			{ 0 | 1		-- MBMS parameters included 
				{	0		-- MBMS pre-notification
					I 1		-- MBMS notification
						<MBMS Notification 1 : < MBMS Channel Parameters IE > >}
				{	0		-- MBMS pre-notification
					I 1		-- MBMS notification
						<MBMS Notification 2 : { 0 | 1	< MBMS Channel Parameters IE > } > }
								-- ‘0’indicates that the same MBMS Channel Parameters as for MBMS Notification 1 apply
				{ 0 | 1 <MBMS Information> }
			}
	}
	{	null 	| L 				-- Receiver compatible with earlier release
		| H			 			-- Additions in Release 7 :
			{ 0 | 1 <AMR Config:bit(4)> }
	}
	{	null		| L				-- Receiver compatible with earlier release
		| H						-- Additions in Release 8
			< Priority Uplink Access : bit >
			{ 0 | 1 < ETWS Primary Notification : < ETWS Primary Notification struct > > }
	} 
	{	null		| L				-- Receiver compatible with earlier release
		| H						-- Additions in Release 10
			< Implicit Reject CS : bit >
			< Implicit Reject PS : bit >
	} 
	{	null		| L				-- Receiver compatible with earlier release
		| H						-- Additions in Release 11
			< IPA Support : bit >
	} 
	{	null		| L				-- Receiver compatible with earlier release
		| H						-- Additions in Release 13
			< PEO_BCCH_CHANGE_MARK : bit (2) >
			< RCC : bit (3) >
	} 
	{	null		| L				-- Receiver compatible with earlier release
		| H						-- Additions in Release 14
			< Positioning Event Pending Indicator : bit (2) >
	}

	-- Additions in Rel-15:
	{0  | 1 < PEO IMM Cell Group Details : < PEO IMM Cell Group Details struct >> }
	< spare padding >;
} //	-- truncation according to sub-clause 8.9 is allowed, bits "L" assumed


	< Priority > ::= < bit (3) >;


	< Group Call information >
See sub-clause 9.1.21a


	<MBMS Information> ::=	
	-- Pre-notifications
	< MBMS Sessions List : < MBMS Sessions List IE > >

							-- Notifications: listed per MBMS Channel Parameters
							-- 1) Notifications with same MBMS Channel Parameters as in Notification 1 or Notification 2
	{	0 					-- None
		| 1	{ 0 | 1 } 		-- 0: same MBMS Channel Parameters as Notification 1. 
							-- 1: same MBMS Channel Parameters as Notification 2
				< MBMS Sessions List : < MBMS Sessions List IE > > 
	}
							-- 2) Notifications with specific MBMS Channels Parameters
	{ 1	< MBMS Channel Parameters : < MBMS Channel Parameters IE > > 
		< MBMS Sessions List : < MBMS Sessions List IE > > 
	} ** 0 ;


	< ETWS Primary Notification struct> ::=
	{0 		-- First segment of ETWS Primary Notification, number of segments included
		< Total No Of Segments For ETWS Primary Notification : bit (4) >
	| 1		-- Not first segment, segment number included
		< Segment Number : bit (4) >
	}
	< PNI: bit (1) >		-- identifier for segments belonging to one and the same ETWS Primary Notification message
	< Length Of Segment : bit (7) >	-- length of segment in bits
	< ETWS Primary Notification Data : bit (val(Length of segment)) >;

< PEO IMM Cell Group Details struct > ::=      -- Addition in Rel-15
   < PEO IMM Cell Group Identifier : bit (3) >
   < PEO IMM Change Mark : bit (2) >;




NOTE:	The value 17h shall not be used as a value of the first octet when this information element is used in the PAGING REQUEST TYPE 1 message. This will prevent mobile stations misinterpreting this information as the Mobile Identity IEI.
-------- end ------------ 

The additional information for deferred SI acquisition for PEO, i.e. PEO IMM Cell Group Identifier (3 bits) and PEO IMM Change Mark (2 bits), and implicitly BSIC through RCC to identify specific cell parameters of the monitored cell in the PEO IMM Cell Group, are conveyed in the P1 Rest Octets, which also applies for P2 / P3 and IA Rest Octets, thus the information can be quickly acquired for the new serving cell as result of cell reselection. It is carried in a block of 20 ms and the access delay is at most 50 ms (occurring at the 51-multiframe boundary). Compared to the measurement interval of 5 sec for the new cell, this only is a minor addition. A legacy Rel-13 or Rel-14 MS will ignore these appended bits in the Rest Octets. The trigger events described in section 2.2.3 apply to enforce immediate reading of the complete SI in the new cell. 

The above yields following working assumption:
WA6: Changes to P1 / P2 / P3 and IA / IPA / IAX / IAR rest octets are needed, as depicted in section 4.3. The added information can be retrieved from one message block (20 ms).

Conclusion 
In this paper the concept design for the improved system information acquisition for PEO in idle mode is presented and the energy consumption benefit is evaluated to be around 20% depending on device implementation criteria (e.g. the set size for strongest neighbour cells being monitored with BSIC identification and PEO IMM Cell Group Details reading or full SI reading, respectively) and network parameters (e.g. broadcasted neighbour cell configuration and timeout for reading complete SI in a cell since the last reading of full SI in a different cell). Following working assumptions are made and subject to be agreed: 
WA1: A PEO IMM Cell Group, as depicted in section 2.2.1, is introduced that 
· defines common cell parameters for a group of cells as listed in Table 2, 
· has an identifier, 
· uses a change mark,
· specifies a timeout for reading the complete SI in the new cell,
· contains information on used BCCH ARFCN’s, and
· includes the option to specify specific cell parameter settings across cells for a few parameters (i.e. CCCH-CONF and CELL_BAR_ACCESS).
WA2: Changes to SI are limited to SI 13, reusing already sent parameters, thus creating minimum impact on BCCH reading time for legacy PEO / non-PEO devices. 
WA3: Modifications are needed to several types of Paging Request and Immediate Assignment messages to add parameters for deferred SI acquisition for PEO in available rest octets as depicted in section 2.2.2.
WA4: The MS may defer the reading of the complete SI according to the trigger criteria in section 2.2.3.
WA5: Changes to SI 13 message are needed, as depicted in section 4.2. The new IE is optional allowing for deactivating deferred SI acquisition for PEO in network deployments for which System Information needs to be reconfigured more frequently or for which adjacent cells' idle mode mobility parameters differ too much. The 
deactivation is indicated by removing IMM Cell Group Details from CCCH/D (see section 4.3).
WA6: Changes to P1 / P2 / P3 and IA / IPA / IAX / IAR rest octets are needed, as depicted in section 4.3. The added information can basically be retrieved from one message block (20 ms).
The sourcing companies propose to agree the above working assumptions which are aligned to those for EC-GSM-IoT [1], allowing to exploit the benefits also for PEO devices that support the Rel-15 enhancement related to deferred SI acquisition. Corresponding specification changes to TS 43.064, TS 44.018 and TS 45.008 are submitted in [10], [11] and [12].
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Annex A
Battery lifetime estimation for idle mode mobility scenario with deferred SI acquisition for PEO
A.1 Assumptions on coverage, traffic and mobility profiles for PEO device
For a PEO device which is changing cells more frequently than actual uplink transmission rates, the overall battery lifetime is impacted due to additional energy consumption to uplink transmissions due to idle mode mobility operation. To analyse the benefit of energy saving due to deferred SI acquisition, following traffic and mobility characteristics are assumed for the MS for the evaluation:
· MS generates one MAR with size of 50 bytes for every 2 hours. This corresponds to 1 MAR /2 hours traffic profile referred in [7].
· Idle mode mobility rate of the MS: 2 cell changes / hour, this is the same rate as assumed for EC-GSM-IoT in [8].
· Coverage condition of the MS: GPRS coverage at cell boundary (MCL=144 dB).
· System Information: as depicted in section 2.2.1 (SI set ranges over 8*51-MFs)
· Within a day the MS also changes routing area boundary 2 times. Number of Routing area changes /day: 2, this aligns to [8].
Thus, the traffic and mobility profiles correspond to those in [8], i.e. to a CIoT device deployed for smart bike/cycle rental where the bike is taken for rental and expected to roam around and be returned crossing multiple cells of two routing areas. The device reports the distance covered/location as per the MAR profile. Here we assume a single routing area covers 200-300 cells and the system uses the same idle mode configuration within all cells of the routing area.
For the above profile, the battery lifetime of the MS considering the power consumption for Network synchronization and System Information acquisition along with the uplink transmission for the reference case (section A.2.1) and for deferred SI acquisition (section A.2.2) is estimated using the reference values mentioned in [7]. 
It is assumed that the energy consumption for receiving the paging request in four bursts for the assigned paging group is negligible compared to other contributions and thus is not taken into account below. For the analysis it is further assumed that the eDRX cycle is aligned to the cell change rate as given above. The impact of lower eDRX cycles has not been evaluated. On one hand energy consumption is expected to increase due to potential more frequent triggering for cell reselection measurements and due to more frequent BSIC confirmation task for serving cell and neighbour cells. On the other side, the network synchronization for the serving cell will be shorter and hence energy consumption for BSIC acquisition of neighbour cells will have a higher weight.  In most cases, however, the C1 and C1_DELTA criteria for the serving cell will not be met, i.e. no cell reselection will be triggered. Hence a certain degradation of the energy consumption benefit stated below is expected, which moreover is MS implementation dependent.

A.2 Evaluation of energy saving due to deferred SI acquisition for PEO
Following are the assumptions related to this estimation. Some figures are taken from [7] as indicated.
	Battery Power
	5 Wh [7]

	Total Energy value 
	18000 J



For traffic profile of 1 MAR Report (50 Bytes) /2 Hours, the energy consumption per day and single report energy consumption for a MS with no mobility is derived in the table below.
	Battery life time (years)
	Average Energy consumption per day [J] (12 MAR rep./day)
	Energy Consumption for single MAR Report [J]

	17.6  
[7, subclause 6.2.6.6.8]
	2.8020
	0.2335



A.2.1 Reference case (Rel-13 PEO device)
The model for calculating the energy consumption for idle mode tasks between wake up and paging occasion for a Rel-13 PEO device is depicted in Figure A1. All yellow and orange shaded tasks contribute to the energy consumption analysis depicted further below.
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Figure A1: Model for calculating energy consumption for idle mode tasks between wake up and paging occasion for Rel-13 PEO device.
The energy consumption analysis below is based on power consumption of 99 mW per reception burst and per PLL maintenance and 3,3 mW per TR in light sleep [7]. In addition, it is assumed that power consumption for switching between BCCH frequencies (accounted for between cell reselection measurements of different cells) is comparable to that for PLL maintenance.
1) Energy consumption for cell reselection measurements after cell reselection trigger
	Step
	Number of bursts
	Total Energy [uJ]

	Measurements for RLA_GC 
(5 samples in 5 sec for each cell, 12 neighbour cells assumed, see [9])
	60 (=5*12)
	3427.38

	Switching between BCCH frequencies (assumption: equals power consumption for PLL Maintenance between bursts)  
	60 (=5*12)
	3427.38

	Light Sleep (residual time over 5 sec)
	964
	1835.55

	Subtotal energy consumption for 1) 
	 
	8690.31



2) Energy consumption for BSIC detection for N strongest neighbour cells
	Step
	Number of bursts
	Total Energy [uJ]

	Reception of SCH bursts for one cell assumed over 32 TDMA frames (ensures 3 SCH occurrences incl. RF switching)
	256 (=32*8)
	14623.49

	Reception of SCH bursts (N=3) 
	768
(=3*256)
	43870.46

	Reception of SCH bursts (N=6)
	1536
(=6*256)
	87740.93

	Reception of CCCH/D bursts to detect RCC in all CCCH/D assumed over a single subsequent 51-MF (3 cells)
	96 (=3*32)
	5483.81

	Reception of CCCH/D bursts to detect RCC in all CCCH/D of a 51-MF (6 cells)
	192 (=6*32)
	10967.62

	Light Sleep (residual time over 51-MF, 3 cells)
	1128 (=3*376)
	2147.82

	Light Sleep (residual time over 51-MF, 6 cells)
	2256 (=3*376)
	4295.65

	Subtotal energy consumption for 2) (N=3)
	 
	51502.09


	Subtotal energy consumption for 2) (N=6)
	 
	103004.20




3) Energy consumption for SI Reception
	Step
	Number of bursts
	Total Energy [uJ]

	Reception of BCCH Norm bursts, full BCCH scan assumed over 8 * 51-MFs (one cell)
	32
	1827.94

	Reception of BCCH Norm bursts (N=3)
	96 (=3*32)
	5483.81

	Reception of BCCH Norm bursts (N=6)
	192 (=6*32)
	10967.62

	Light Sleep (residual time over 8*51-MF, 3 cells)
	9696 (=3*3232)
	18462.15

	Light Sleep (residual time over 8* 51-MF, 6 cells)
	19392 (=6*3232)
	36924.31

	Subtotal energy consumption for 3) (N=3)
	 
	23945.96

	Subtotal energy consumption for 3) (N=6)
	 
	47891.93



4) Energy consumption for SI acquisition per day
	Energy consumption
	Energy [uJ]

	Network Synchronization (consumption for 1) and 2) above, N=3)
	60192.40

	Network Synchronization (consumption for 1) and 2) above, N=6)
	111694.51

	Combined Network Sync and SI monitoring (consumption for 1), 2) and 3) above, N=3)
	84138.36

	Combined Network Sync and SI monitoring (consumption for 1), 2) and 3) above, N=6)
	159586.44

	for mobility profile of 2 cell change /hour
(48 cell change per day  48 SI acquisition instances, N=3)
	4038641.28
(=4.0386 J)


	for mobility profile of 2 cell change /hour
(48 cell change per day  48 SI acquisition instances, N=6)
	7660149.12
(=7.6601 J)




5) Total energy consumption per day and battery life time estimation 
Battery lifetime for MS having traffic/mobility profile as indicated above in section A.1 is estimated below.
	Energy consumption
	Energy [J]

	per day for MAR (see figure above)
	2.8020

	per day for SI acquisition + Network Sync (N=3)
	4.0386

	additional contribution due to Routing area update procedure with 2 RAUs per day (equal to 2 MAR reports as same energy consumption as for MAR Report (see above) is assumed)
	0.4670

	Total per day
	7.3076

	Battery life time (years), reference case (N=3)
	6.7485



	Energy consumption
	Energy [J]

	per day for MAR (see figure above)
	2.8020

	per day for SI acquisition + Network Sync (N=6)
	7.6601

	additional contribution due to Routing area update procedure with 2 RAUs per day (equal to 2 MAR reports as same energy consumption as for MAR Report (see above) is assumed)
	0.4670

	Total per day
	10.9291

	Battery life time (years) , reference case (N=6)
	4.5123



Observation 1: The battery life time is reduced from 17.6 years (no mobility) to 6.75 years (synchronizing to N=3 neighbour cells) and 4.51 years (synchronizing to N=6 neighbour cells) if the PEO device with MAR reporting profile is moving as per the given mobility profile.

A.2.2	Deferred SI acquisition for PEO
The model for calculating the energy consumption for idle mode tasks between wake up and paging occasion for a Rel-15 PEO device supporting deferred SI acquisition is depicted in Figure A2. All yellow shaded tasks contribute to the energy consumption analysis depicted further below.


[image: ]
Figure A2: Model for calculating energy consumption for idle mode tasks between wake up and paging occasion for Rel-15 PEO device supporting deferred SI acquisition.
The energy consumption analysis below uses the same physical parameters as for the Rel-13 PEO device. 
1) Energy consumption for cell reselection measurements after cell reselection trigger 
Same evaluation as in 1) under A.2.1. 
2) Energy consumption for BSIC detection for N strongest neighbour cells
Same evaluation as in 2) under A.2.1. 
3) Energy consumption for SI Reception
it is assumed that full SI reading of the serving cell is only required if the timeout for reading the complete SI has expired or before an uplink transmission is scheduled. This is further considered in 4) below.
	Step
	Number of bursts
	Total Energy [uJ]

	Reception of BCCH Norm bursts, full BCCH scan assumed over 8 * 51-MFs (serving cell)
	32
	1827.94

	Light Sleep (residual time over 8*51-MF, serving cell)
	3232
	6154.05

	Subtotal energy consumption for 3) 
	 
	7981.99



4) Energy consumption for SI acquisition per day
If the timeout for reading the complete SI has expired and the timeout is set to e.g. 2 hours, the device will do full SI reading for the serving cell only 12 times per day. 



	Energy consumption
	Energy [uJ]

	Network Synchronization and reading of PEO IMM Group Details (consumption for 1) and 2) above, N=3)
	60192.40

	Network Synchronization and reading of PEO IMM Group Details (consumption for 1) and 2) above, N=6)
	111694.51

	for mobility profile of 2 cell change /hour
(48 cell change per day  48 SI acquisition instances, N=3)
	2889235.20 


	for mobility profile of 2 cell change /hour
(48 cell change per day  48 SI acquisition instances, N=6)
	5361336.48 


	Full reading of SI of serving cell (12 SI acquisitions per day) 
	95783.88


	Combined network sync, reading of PEO IMM Cell Group Details and full SI reading (N=3)
	2985019.08 (=2.9850 J)


	Combined network sync, reading of PEO IMM Cell Group Details and full SI reading (N=6)
	5457120.36 (=5.4571 J)




5) Total energy consumption per day and battery life time estimation 
Battery lifetime for MS having traffic/mobility profile as indicated above in section A.1 is estimated below.
	Energy consumption
	Energy [J]

	per day for MAR (see figure above)
	2.8020

	per day for SI acquisition + Network Sync (N=3)
	2.9850

	additional contribution due to Routing area update procedure with 2 RAUs per day (equal to 2 MAR reports as same energy consumption as for MAR Report (see above) is assumed)
	0.4670

	Total per day
	6.2540

	Battery life time (years), deferred SI acquisition (N=3)
	7.8854



	Energy consumption
	Energy [J]

	per day for MAR (see figure above)
	2.8020

	per day for SI acquisition + Network Sync (N=6)
	5.4571

	additional contribution due to Routing area update procedure with 2 RAUs per day (equal to 2 MAR reports as same energy consumption as for MAR Report (see above) is assumed)
	0.4670

	Total per day
	8.7261

	Battery life time (years), deferred SI acquisition (N=6)
	5.6514





Observation 2: The battery life time is increased from 6.75 to 7.89 years for MS in idle mode mobility (synchronizing to N=3 neighbour cells) and from 4.52 to 5.65 years (synchronizing to N=6 neighbour cells) if the PEO device with MAR reporting profile is moving as per the given mobility profile.                           
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