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Deferred System Information Acquisition, 
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introduction
Low Complexity Cellular IoT (CIoT-LC) solutions were studied in 3GPP in [1]. They aim at achieving increased battery life time by means of energy efficient mechanisms introduced for both idle mode and connected mode operation. In this regard the features eDRX and PSM were introduced in Rel-13. For GSM based networks, the feature EC-GSM-IoT was introduced in Rel-13 to provide IoT connectivity in extended coverage utilizing energy efficient paging [2]. 

Due to the existence of new use cases [3], such as unlocking bicycles after payment reception at the server and network command based tracking of devices, which require low latency for delivery of infrequent network commands, and hence create the need for shorter eDRX cycle configuration, further enhancements are proposed to improve the energy efficiency of the CIoT device by optimising the power consumption for idle mode operation including paging reception for shorter eDRX configurations by introducing a paging indication channel and deferred system information acquisition after cell reselection. These enhancements are part of the new work item on Further Enhanced EC-GSM-IoT approved at RAN#79 [4] and are meant to be supported by a device over Rel-13 EC-GSM-IoT as optional feature.

This contribution deals with the concept of deferred system information acquisition and is structured in the following way. Section 2 reiterates the objectives of the new work item. Section 3 provides the concept design with proposed working assumptions for the enhancement related to deferred system information acquisition. Section 4 refers to energy consumption evaluation and section 5 draws conclusions. In alignment to [4], enhancements are depicted for EC-GSM-IoT devices and PEO devices.

WORK ITEM OBJECTIVES
In the following, the work item objectives depicted in [4] are re-iterated.
The Work Item has following objectives:
- 	to specify further enhancements to idle mode operation of EC-GSM-IoT devices, that allow further energy saving for paging reception by
· introducing of a paging indication channel, and 
· introducing enhancements to the system information acquisition procedure at the target cell triggered by cell reselection,
The work will consider/assess the following changes while avoiding any impacts to BTS hardware and significant impact to MS hardware:
· Defining a new EC logical channel used for paging indication based on which the MS decides on whether to read the paging blocks associated with its paging occasion or enter into sleep mode.
· Defining a new EC logical channel used for carrying a change mark indication for the Idle mode mobility configuration of the cell referring to a set of cell parameters (e.g. parameters for paging reception, coverage class selection and cell reselection). 
· Defining the information contents of the new logical channel and its burst format which ensure the required coverage performance at 164 dB MCL coverage condition.
· Modifications to the system information acquisition procedure after cell reselection.
· Modifications to EC System Information message contents to enable additional enhancements related to cell reselection.
· Modifications to EC-SCH Information message (i.e. by using a subset of the available spare bits within the legacy EC-SCH to indicate when the cell supports the new EC logical channels) and common control channel messages (EC-CCCH) for EC operation.
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.
Concept design for deferred system information acquisition
This section analyses firstly the behaviour of a legacy EC-GSM-IoT device and secondly depicts enhancements related to deferred system information acquisition to be specified for Rel-15.
SI acquisition for legacy EC-GSM-IoT device
For Rel-13 / Rel-14 EC-GSM-IoT device when camping on a serving EC-GSM-IoT 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 BSIC), 
· Evaluation of the C1 criterion for the serving cell by measuring the wanted signal level RLA_EC at least over 5 s, and checking if the C1 criterion is met, i.e. C1 ≤ 0. 
· 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 evaluation 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, it 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 / EC-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 / EC-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 / EC-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 EC SI 3, 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 / EC-BCCH data can be omitted, for the purpose of identifying the best neighbour cell. 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 EC-CCCH/D time slots, identified by the parameter EC_BS_CC_CHANS conveyed in EC SI 2, or the DL CC selection thresholds to identify the DL CC in the new cell for page monitoring.   
Deferred SI acquisition for Rel-15 EC-GSM-IoT device  
Further improved energy efficient operation of the EC-GSM-IoT 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, DL CC selection, routing area assignment, mobility support and cell barring status. This information is broadcasted in the serving cell for itself and for respective neighbour cells. 
· defer of reading 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 Idle Mode Mobility Cell Group
For applying deferred SI acquisition, signalling needs to be modified related to broadcast information in EC SI messages, carried over EC-BCCH, and related to the EC-SCH Information message. 
Parameters reused or added in EC SI messages
In order to optimize energy consumption of the EC-GSM-IoT device, broadcast signalling is optimized to inform the device about the cell parameters in neighbour cells that identify candidates for subsequent cell reselection. To this purpose, a group of cells is defined in the EC System Information that share a set of parameters for idle mode mobility, named IMM cell group, see Table 1.
	Component
	Description

	Broadcast frequency list 
	Contains the set of broadcast frequencies that belong to an IMM cell group:
new parameter in EC SI 2:
· ARFCN’s of BCCH carriers

	Cell reselection
	Contains the common set of cell reselection parameters for cells in a IMM cell group: 
parameters already sent in EC SI 2:
· EC_RXLEV_ACCESS_MIN
· MS_TXPWR_MAX_CCH
· LB_MS_TXPWR_MAX_CCH 
· CELL_SELECTION_RLA_MARGIN
parameters already sent in EC SI 3:
· CELL_RESELECT_OFFSET
· CELL_RESELECT_HYSTERESIS
· C1_DELTA_MIN
· C1_DELTA_MAX

	Page monitoring 
	Contains the common set of page monitoring parameters for cells in a IMM cell group: 
parameters already sent in EC SI 2:
· EC_BS_CC_CHANS

	Downlink CC selection
	Contains the common set of DL CC selection parameters for cells in a IMM cell group: 
parameters already sent in EC SI 2:
· DL_CC_Selection
· BT_Threshold_DL
· CC2_Range_DL
· CC3_Range_DL

	Routing Area Assignment 
	Contains the RA for cells in a IMM cell group. By default, the cells belong to the same routing area: 
parameters already sent in EC SI 2:
· RAC  

	Mobility Support
	Contains the common set of mobility related parameters for cells in a IMM cell group:
new parameter in EC SI 2:
· Timeout for reading complete SI after last reading of complete SI in different cell.

	Access Barring Status
	Contains the common set of cell barring status information in a IMM cell group. 
parameters already sent in EC SI 2:
· CELL_BAR_ACCESS


Table 1: Components of the Idle Mode Mobility Cell Group.

The parameters common for cells in the same IMM cell group depicted in Table 1 are already sent in EC SI 2 and EC SI 3 or will be included in EC SI 2 (as indicated in Table 1). It is noted that all included cells need to be EC cells. Aside these parameters, the IMM cell group defined in EC SI 2 contains 
· an identifier (3 bit), that identifies the IMM cell group. Since cells belonging to a specific IMM cell group are geographically located adjacent or close by, 7 different identifiers are available to distinguish IMM cell groups in a certain geographic area (one identifier indicates non-usage of deferred SI acquisition).
· 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 IMM cell group is changed. 
· a different parameters indication (2 to 5 bits), that provides information on diverging parameters in the shared parameter set (restriction to a few parameters subject to change across cells): 
· if the paging related parameter specifying the number of multiple EC-CCCH in the cell, i.e. EC_BS_CC_CHANS (2 bit), is common or may be different across the cells in the IMM cell group, and  
· and if the access barring status, i.e. CELL_BAR_ACCESS (1 bit), is common or may be different across the cells in the IMM cell group.  
In case they are common across all cells in the IMM cell group, the respective parameters already sent in EC SI 2 are reused. Else a default value for the respective parameter is signalled, that is typically shared by a major subset of cells in the IMM cell group (it may be different to the value for the serving cell). In case a neighbour cell does not share the default value, information on the setting of one or both parameters in these cells is appended together with BSIC (on a per cell basis). 
If other IMM cell group parameters (i.e. related to DL CC selection, cell reselection or mobility support) are different, the network reconfigures EC SI 2 by removing the IMM cell group definition and thus deactivating deferred SI acquisition in order to apply the legacy configuration.
Parameters added in EC-SCH Information message
To allow for optimized energy consumption in idle mode, the two first parameters are sent as part of the EC-SCH Information message carried over EC-SCH. Since the information does not fit into one message it is spread over two consecutive EC-SCH Information messages (see section 5.2). 
Thus, when the MS synchronizes to the new cell to read the EC-SCH (BSIC and other status information) it checks if the IMM cell group identifier and the IMM cell group change mark values in the EC-SCH Information message of the new cell match with the corresponding ones in the last serving cell. In this case the MS considers the cell to be part of the same IMM cell group and thus to share cell parameters for the IMM cell group as defined in the last serving cell.
This yields following working assumptions:
WA1: Modifications are needed to EC SI and EC-SCH Information messages to add parameters for deferred SI acquisition.


WA2: Changes to EC SI are limited to EC SI 2, reusing already sent parameters, thus creating minimum impact on EC-BCCH reading time for legacy EC-GSM-IoT devices. 
WA3: An IMM Cell Group, as depicted in section 3.2.1, is introduced that 
· defines common cell parameters as listed in Table 1, 
· has an identifier 
· uses a change mark, and 
· includes the option to specify different cell parameter settings across cells for a few parameters (EC_BS_CC_CHANS and CELL_BAR_ACCESS).

Defer of SI reading in the new cell
An EC-GSM-IoT device reselecting to a cell in the same IMM cell group will read the EC-SCH and decode both the IMM cell group identifier and the IMM cell group change mark of the IMM cell group. If the values for both parameters match with those of the last serving cell, it will not need to read the EC-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 EC SI in a different cell is expired, 
the MS is obliged to read the complete EC SI in the new cell. Thus, 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 EC-GSM-IoT device.
For instance, assume that a MS reads the EC SI in a first cell, then reselects to a second cell of the same IMM cell group and camps on it only for a short period of time, without reading the EC-BCCH therein, and then reselects further to a third cell of the same IMM cell group based on the broadcast frequency list acquired in the first cell. Thus, reading of EC-BCCH in the second cell can be avoided contributing to energy saving in idle mode.

This yields following working assumption:
WA4: The MS may defer the reading of the complete SI according to the trigger criteria in section 3.2.2.

3.2.3 Applicability to devices in PEO operation 
This is FFS. 
Energy consumption evaluation
An analysis of the energy consumption benefit is contained in [3], evaluating an increase of battery life time up to 34%. Although the analysed procedure slightly differs from the one presented in this contribution, a similar gain is expected with the herein presented procedure. For devices in PEO operation this is FFS.

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

	TS 43.064
	Functional description for deferred SI acquisition.

	TS 44.018
	Procedural descriptions need to include the handling of the IMM cell group, if existent. Introduction of IMM cell group definition in EC SI 2 message.
Introduction of IMM cell group Identifier and IMM cell group Change Mark to EC-SCH Information message.

	TS 45.002
	Changes to EC-SCH content

	TS 45.008
	Changes to idle mode operation to allow for deferred SI acquisition 


Table 2: Specification impacts from introduction of deferred SI acquisition. 
Changes to messages in TS 44.018 are depicted in sections 5.1 and 5.2.

Changes to TS 44.018, EC-SCH INFORMATION (Rel-15)
Expected changes to EC-SCH Information message are depicted below.
-------- Extract of TS 44.018 --------
9.1.30c	EC-SCH INFORMATION
	
	Bit number

	Octet no.
	8
	7
	6
	5
	4
	3
	2
	1

	1
	T1' (hi)
	BSIC (hi)

	2
	T2' (hi)
	T1' (low)

	3
	RACH Access Control
	EC-BCCH CHANGE MARK
	Implicit Reject Status
	T2' (low)

	4
	
	BSIC (low)
	IMM CG ID



Figure 9.1.30c.1: EC-SCH INFORMATION message information elements (sent in 51-multiframe M with M mod 8 = 0,1,2,3)
	
	Bit number

	Octet no.
	8
	7
	6
	5
	4
	3
	2
	1

	1
	T1' (hi)
	BSIC (hi)

	2
	T2' (hi)
	T1' (low)

	3
	RACH Access Control
	EC-BCCH CHANGE MARK
	Implicit Reject Status
	T2' (low)

	4
	
	BSIC (low)
	IMM CM
	Spare



Figure 9.1.30c.1a: EC-SCH INFORMATION message information elements (sent in 51-multiframe M with M mod 8 = 4,5,6,7)

-------- end ------------ 

The additional information for Deferred SI Acquisition, i.e. IMM cell group Identifier (3 bits) and IMM change mark (2 bits), and implicitly BSIC to identify different cell parameters of the cell in the IMM cell group, is carried over EC-SCH and is mapped onto 8 * 51-multiframes (i.e. reading time of 1.88 s), i.e. onto two consecutive EC-SCH Information messages as shown above. This identifies the period for listening to the identified new candidate cell prior to perform cell reselection to this cell.

51-multiframes M with M mod 8 = 0,1,2,3 carry the IMM cell group Identifier (3 bits):

· Bit 1 to 3 in octet 4 are used. 
· 7 code points out of 8 are utilized to distinguish the IMM cell group from others. 
· The remaining code point “000” is used to indicate that the cell is not a member of an IMM cell group, or that deferred SI acquisition is not supported by the cell.
· A legacy Rel-13 or Rel-14 MS will ignore these 3 bits in octet 4.

51-multiframes M with M mod 8 = 1,2,3,4 carry the IMM change mark (2 bits):

· Bit 2 to 3 in octet 4 are used, thus Bit 1 is a spare bit, which can be used for a future feature. 
· 4 code points are utilized to distinguish the IMM change mark. 
· The IMM change mark is incremented each time any of the Idle Mode Mobility parameters of the cell (common parameters related to paging reception, cell reselection, DL CC selection, mobility support and access barring as defined in EC SI 2 for the respective IMM cell group identifier) changes.
· A legacy Rel-13 or Rel-14 MS will ignore these 3 bits in octet 4.

When synchronizing to a non-serving cell, the EC-GSM-IoT device detects first the IMM cell group. If this is the same as in the serving cell it continues to read the IMM change mark. If also the same, it does not need to read the EC SI of the cell for subsequent cell reselection to this cell or page monitoring in this cell and the trigger events described in section 3.2.2 apply in order to read the complete EC SI. 

This yields following working assumption:
WA5: Changes to EC-SCH INFORMATION message are needed, as depicted in section 5.1. The added information is spread over 2 consecutive EC-SCH INFORMATION messages.
Changes to TS 44.018, EC SI 2 (Rel-15)
Expected changes to EC SI 2 message are depicted below. Yellow marked parameters are part of the IMM cell group, remaining ones are taken from EC SI 3, i.e. all parameters in EC Cell Reselection Parameters struct:
[bookmark: _Hlk514115530]< EC Cell Reselection Parameters struct > ::=
	< CELL_RESELECT_HYSTERESIS : bit (3) >	
	< CELL_RESELECT_OFFSET : bit (6) >
	{ 0 | 1 < C1_DELTA_MIN : bit (2) >
			< C1_DELTA_MAX : bit (3) > } ;

-------- Extract of TS 44.018 --------
	< EC System Information Type 2 > ::=
	< Message Type : bit (3) >
	< EC SI 2_INDEX : bit (2) >
	< EC SI 2_COUNT : bit (2) >
	< EC SI_CHANGE_MARK : bit (5) >

	{ 0 | 1 < EC Cell Selection Parameters : < EC Cell Selection Parameters struct >> }
	{ 0 | 1 < Coverage Class Selection Parameters : < Coverage Class Selection Parameters struct >> }
	{ 0 | 1 < EC-RACH Control Parameters : < EC-RACH Control Parameters struct >> }
	{ 0 | 1 < Short RACH Control Parameters : < Short RACH Control Parameters struct >> }
	{ 0 | 1 < EC Cell Options: < EC Cell Options struct >> }
	-- Additions in Rel-14:
	{ 0 | 1 < MTA_BITMAP : bit (4) > }
	{0  | 1 < Coverage Class Selection Parameters Ext : < Coverage Class Selection Parameters Ext struct >> }
	< MS_ASSISTED_DCN : bit (1) >
	-- Additions in Rel-15:
	{0  | 1 < IMM cell group Definition : < IMM cell group Definition struct >> }
	< spare padding > ;

< EC Cell Selection Parameters struct > ::=
	< Location Area Identification : bit (40) >
	< Routing Area Code : bit (8) >
	< Cell Identity : bit (16) >
	< EC_BS_CC_CHANS : bit (2) >
	< EC_RXLEV_ACCESS_MIN : bit (6) >		-- used in the path loss criterion C1
	< MS_TXPWR_MAX_CCH : bit (5) >		-- used in the path loss criterion C1
	{ 0 | 1	< LB_MS_TXPWR_MAX_CCH : bit (5) > }
 	{ 0 | 1	< CELL_SELECTION_RLA_MARGIN : bit (3) > };

< Coverage Class Selection Parameters struct > ::=
	< DL_CC_Selection: bit (1) >
	< BT_Threshold_DL: bit (5) >
	{ 0 | 1	< CC2_Range_DL : bit (5) > }
	{ 0 | 1	< CC3_Range_DL : bit (5) > }
	< BT_Threshold_UL: bit (5) >
	{ 0 | 1	< CC2_Range_UL : bit (5) > }
	{ 0 | 1	< CC3_Range_UL : bit (5) > } 
	< BSPWR : bit (6) >
	{ 0 | 1 < DL_Signal_Strength_Step_Size : bit (2) > } 
      < EC_Reduced_PDCH_Allocation : bit(1) >;

< EC-RACH Control Parameters struct > ::=
	< EC_Max_Retrans : bit (2) >
	< Sm : bit (2) >
	< Tm : bit (2) >
	< Access_Timeslots : bit (1) >
	< CC_Access_Adaptation: bit (2) >
	< Cell_Bar_Access : bit (1) >
	{ 0 | 1	< EC_Access_Control_Class : bit (7) > 
			< Exception_Report_Status : bit (1) > }
	{ 0 | 1	< BT_Threshold_UL_Margin : bit (3) > } ;

< Short RACH Control Parameters struct > ::=
	< Max_Retrans : bit (2) >
	< Tx-integer : bit (4) >
	< Cell_Bar_Access : bit (1) >
	{ 0		-- Access Control Class information and Exception Report Status in EC-RACH Control Parameters applies
		| 1		-- The indicated Access Control Class bitmap and Exception Report Status field applies
				< Access_Control_Class : bit (16) >
				< Exception_Report_Status : bit (1) >
	} ;

< EC Cell Options struct > ::=
	{ 0 | 1	< ALPHA : bit (4) > }
	{ 0 | 1	< T3168 : bit (3) > }
	{ 0 | 1	< T3192 : bit (3) > }
	{ 0 | 1	< T3226 : bit (3) > }
	< T3248 : bit (2) > ;

< Coverage Class Selection Parameters Ext struct > ::=      -- Addition in Rel-14
   < CC4_Range_UL : bit (5) >     
   < CC5_EC-RACH_FORMAT_IND : bit(1) >;

< IMM Cell Group Definition struct > ::=      -- Addition in Rel-15
   < IMM Cell Group Identifier : bit (3) >
   < IMM Change Mark : bit (2) >
   < IMM Cell Group Different Parameters : < IMM Cell Group Different Parameters struct >> } 
   < NumberOfOctets : bit (5) >
   < Broadcast Frequency List Information : bit (val(NumberOfOctets + 1)*8) >
   < Timeout Read Complete SI : bit (2) >
   < Nb_NCELL : bit (5) >
         {
		{ 0 | 1
			{ 0 < BSIC : bit (6) > 
				| 1 < BSIC : bit (9) > }
		}
    	 		{ 0 | 1	< EC_BS_CC_CHANS : bit (2) > }
		{ 0 | 1	< CELL_BAR_ACCESS : bit (1) > }   
		}
         } * (val(Nb_NCELL)+1) ;


	< IMM Cell Group Different Parameters struct > ::=
	 		{ 0 | 1	< EC_BS_CC_CHANS_DEFAULT : bit (2) > }
		{ 0 | 1	< CELL_BAR_ACCESS_DEFAULT : bit (1) > };  
  



Figure 9.1.43q.1: EC SYSTEM INFORMATION TYPE 2 message content
-------- end ------------

This yields following working assumption:
WA6: Changes to EC SI 2 message are needed, as depicted in section 5.2. The new IE is optional allowing for deactivating deferred SI acquisition in network deployments for which System Information needs to be reconfigured more frequently or for which adjacent cells' idle mode parameters differ too much.

CONCLUSION 
In this paper the concept design for the improved system information acquisition in idle mode is presented. Following working assumptions are made and subject to be agreed at RAN6#8: 
WA1: Modifications are needed to EC SI and EC-SCH Information messages to add parameters for deferred SI acquisition.
WA2: Changes to EC SI are limited to EC SI 2, reusing already sent parameters, thus creating minimum impact on EC-BCCH reading time for legacy EC-GSM-IoT devices. 
WA3: An IMM Cell Group, as depicted in section 3.2.1, is introduced that 
· defines common cell parameters as listed in Table 1, 
· has an identifier 
· uses a change mark, and 
· includes the option to specify different cell parameter settings across cells for a few parameters (EC_BS_CC_CHANS and CELL_BAR_ACCESS).
WA4: The MS may defer the reading of the complete SI according to the trigger criteria in section 3.2.2.
WA5: Changes to EC-SCH INFORMATION message are needed, as depicted in section 5.1. The added information is spread over 2 consecutive EC-SCH INFORMATION messages.
WA6: Changes to EC SI 2 message are needed, as depicted in section 5.2. The new IE is optional allowing for deactivating deferred SI acquisition in network deployments for which System Information needs to be reconfigured more frequently or for which adjacent cells' idle mode parameters differ too much.
The sourcing companies propose to agree the above working assumptions which have been used to create proposed stage 2 specification changes [5] for Rel-15 for the feature “Further enhancements for EC-GSM-IoT”. 
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