GSM Evolution for cellular IoT – BCCH Overview
Introduction
The downlink BCCH space for GSM Evolution based Cellular IoT is considered herein in conjunction with a set of assumptions regarding the basic functionality to be supported by a cellular IoT system in an attempt to estimate the volume of system information needed.
Assumptions
 Some basic assumptions used in this analysis are as follows:
· Frequency hopping optionally supported
· COMPACT GSM information not needed
· PS Handover nor Idle mode measurement reporting supported (no measurement reporting)
· Cell reselection supported (limited to Cellular IoT cells and GSM neighbors not supporting Cellular IoT operation)
· Multiple PLMNs supported
· Cell Change Notification not supported
· DTM not supported
· MBMS not supported. If the MBMS feature is considered to be of value (e.g. for software updates) then a simplified version could still be supported but this feature is not seen as having any necessary impacts on the BCCH space requirements.
· Access Barring control (CS domain centric) not supported
· Access Barring control (PS domain centric) supported (Implicit Reject only). Note that the use of the legacy access class based barring mechanism is not considered feasible as it requires constant rotation of the barring mask which becomes very time/power consuming especially for higher coverage class devices and it will therefore be a very non-real time tool by its very nature.
[bookmark: _Toc360020214]Legacy SI Content Analysis
Individual legacy SI messages are considered to determine their applicability to cellular IoT systems. A detailed analysis for each System Information together with its intended purpose and applicability to cellular IoT is provided in Annex A. The conclusion from the analysis is provided in Table 1 below.

	GSM SI message
	Equivalent Information Needed for Cellular IoT BCCH?
	Projected Cellular IoT BCCH space per cycle

	SI 1
	Yes
	6 or 8

	SI 2
	Yes
	8

	SI 2bis, SI 2ter, SI 2quater
	No
	0

	SI 2n
	No
	0

	SI 3
	Yes
	14

	SI4
	No
	0

	SI 5, SI 6, SI 7, SI 8, SI 9 and SI 10
	No
	0

	SI 13
	Yes
	7

	SI 13alt, SI 14, SI 15, SI 16, SI 17, SI 18,   SI 19, SI 20, SI 21
	No
	0

	SI 22
	No
	0

	SI 23
	No
	0

	SI New
	Yes
	1

	Total:
	
	36/38

	Note: 40 octets of broadcast space is projected to be needed when mapping the applicable content of legacy GSM SI to Cellular IoT BCCH space.



[bookmark: _Ref395690825]Table 1. GSM SI Content Mapped to Cellular IoT BCCH Space.
Cellular IoT Broadcast Space Analysis
For cellular IoT systems all system information can be considered as having equal priority and as such can be transmitted with equal priority. This is in contrast to legacy GSM systems where the transmission of some information needs to be prioritized since a MS needs to become service ready for e.g. CS call establishment as soon as possible after power on or cell reselection. 
For cellular IoT systems it is projected that about 36 or 38 octets will be required to transmit a full cycle of system information (see Table 1) which translates to about 2 CS-1 coded radio blocks. A safety margin can be introduced whereby one additional CS-1 coded radio block can be added to the full cycle such that a total of up to 3 CS-1 coded radio blocks can be considered as a safe target allowing for future enhancements (further expansions could also be catered for). 
Using a 2 CS-1 coded radio block SI target for the cellular IoT BCCH space along with supporting 16 repeats (see Section 5 for link level simulation results) of a given radio block allows for the following:
· Timeslot 1 of the BCCH carrier can operate using the 51-MF format and be used to support the BCCH space required for a cellular IoT cell. 
· Using the first radio block of TS 1 occurring within each 51-MF for the cellular IoT BCCH space allows for 16 repetitions of a first CS-1 coded radio block during 16 consecutive 51-MF and 16 repetitions of a second CS-1 coded radio block during the next 16 consecutive 51-MF. This therefore requires a total of 32 consecutive 51-MF to a full cycle of system information which means a MS with the worst coverage class will receive a full cycle of BCCH information about once every 8 seconds.
· If 4 CS-1 coded radio blocks of system information are needed for the cellular IoT BCCH space then this same 8 second acquisition time can be realized by using the 2nd radio block on TS1 (extended BCCH) within each 51-MF to send cellular IoT BCCH payload. Alternatively the acquisition time can be reduced for the case of two CS-1 coded radio blocks to 4 seconds if extended BCCH is used.
[bookmark: _Ref396247402]Link level simulations
An initial link level simulation investigation of the BCCH performance in extended coverage has been performed in order to assess if the MCL requirements of the feasibility study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) [3] can be achieved. The investigation has assumed that;
· the system information messages fits within two CS-1 encoded radio blocks,
· [bookmark: _GoBack]that the BCCH are mapped over four or eight consecutive TDMA frames, i.e. one or two radio blocks, in the beginning of the 51-mf on TS 1, and;
· that 16 repetitions are needed to achieve the mentioned MCL target.
Figure 1 shows the simulated performance for the two different mappings under the assumption of Extended Pedestrian A propagation conditions. In case of the basic mapping with one BCCH block per 51-mf the entire repetition period spans 16 51-mf. In case of the extended mapping with two BCCH blocks per 51-mf mapping the repetition period spans eight 51-mf. As shown in the investigation on SCH performance in extended coverage [3] the mentioned MCL requirement can be translated into an Es/N0 requirement of -5.7 dB.  It is clear from the results that both mappings achieve this requirement. 
[image: ]
[bookmark: _Ref396252819]Figure 1 Data BLER for the BCCH when repeated 16 times.
Table 2 presents simulation assumptions used that deviates from the assumptions made in [3]. It can be noted that a more stringent assumption has been made on the assumed frequency offset, compared to the SCH investigation in [3]. This is justified by the frequency synchronization results shown in [3], which also allows the AFC range to be set more narrow.
[bookmark: _Ref396217628]Table 2.  Simulation assumptions.
	Parameter
	Value
	Comment

	MCS
	CS-1
	

	Impairments
	Frequency offset fixed at 10 Hz.
	Frequency offset chosen based on results in  [3].

	AFC
	Range of possible frequency offsets detected [-25,25] Hz
	Narrower range allowed after synchronization.

	Number of repetitions
	16
	Using Basic or Extended mapping over 16 or eight 51-multiframes.





Conclusion 
Cellular IoT systems can realize extended coverage requirements using 2 to 4  BCCH blocks of payload space each repeated 16 times such that a MS with the worst coverage class will receive a full cycle of BCCH information about once every 8 seconds.
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Annex A
References to “set” below refer to the number of instances of a given SI message required to send all information associated with that SI message.
SI 1: 	Supports frequency hopping, NCH (associated with Voice Broadcast Service and Voice Group Call Service) and Cell Allocation information. 
· Equivalent of Cell Allocation information needed for cellular IoT BCCH
· For legacy GSM one instance sent once every 8 51-MF (one instance per set)
· SI1 not needed if band information IE is not needed (i.e. if the device is not to be used in different geographical locations).
· All frequency hopping parameters can be sent as part of dedicated signaling i.e. SI 1 need not necessarily be broadcasted. However, it can be argued that static information of any type sent using BCCH space is a far more efficient way of delivering CA/MA/HSN etc. information. 
· Specific content of this SI (when allowing hopping information to be sent within SI) is projected to be as follows:
· Cell Allocation – a list of up to 4 ARFCNs (10 bits each) not including the BCCH carrier for synthesized hopping or a list of up to 5 ARFCNs (10 bits each) including the BCCH carrier for baseband hopping = 5 or 7 octets.
· Mobile Allocation – if frequency hopping is used then we assume that all elements of the Cell Allocation are used for the Mobile Allocation (except for CCCH related TS on the BCCH carrier) = 0 octets
· RACH Control parameters – allow some information such as Max retries (2 bits), or cell barring for cell maintenance (1 bit) and HSN (e.g. just 4 bits since there are so few ARFCNs) = 1 octet
· SI 1 Rest Octets – perhaps a 1 bit band indicator can be supported but can be part of the RACH Control Parameters = 0 octets
· Estimated cellular IoT BCCH payload space = 6 or 8 octets per cycle
SI 2:	Provides RACH control parameters including cell barring info (see 10.5.2.29 of 44.018) and Neighbor Cell Description consisting of ARFCNs of BCCH carriers in neighbor cells (see 10.5.2.22 of 44.018) and EARFCNs of neighbor LTE cells. 
· Equivalent needed for cellular IoT BCCH (except for cell barring)
· For legacy GSM one instance sent once every 8 51-MF (one instance per set)
· Specific content of this SI is projected to be as follows:
· GSM Neighbour Cell Description - the complete BA is included where space for up to 5 ARFCNs is considered to be sufficient = 7 octets
· LTE Neighbour Cell Description – not supported = 0 octets
· NCC Permitted = 1 octet
· RACH Control parameters – same as per SI 1, not needed if included as SI 1 overhead = 0 octets
· Estimated cellular IoT BCCH payload space = 8 octets per cycle
SI 2bis:	Provides same information as SI2.
· Not needed for cellular IoT BCCH
SI 2ter:	Provides an extension to the Neighbor Cell Description information (see 10.5.2.22a of 44.018) and optional information for UTRAN cells to be monitored (see 10.5.2.33a of 44.018).
· Not needed for cellular IoT BCCH
SI 2q:	Provides information on additional measurement and reporting parameters and/or UTRAN neighbor cells and/or E-UTRAN neighbor frequencies and/or CSG neighbor cells (see 10.5.2.33b of 44.018).
· Not needed for cellular IoT BCCH
SI 2n:	Provides information on GSM Neighbor Cell Selection parameters (see 10.5.2.33c of 44.018).
· Not needed for cellular IoT BCCH
SI 3: 	Provides LAI (see section 10.5.1.3 of 44.018), Control Channel Description (see 10.5.2.11 of 44.018), Cell Options (see 10.5.2.3 of 44.048), Cell selection Parameters (see 10.5.2.4 of 44.018), RACH control Parameters (see 10.5.2.9 of 44.018) and SI scheduling Information (see 10.5.2.34 of 44.018). 
· Equivalent needed for cellular IoT BCCH
· For legacy GSM one instance sent once every 4th  51-MF (one instance per set)
· Specific content of this SI is projected to be as follows:
· Cell Identity = 2 octets
· Location Area Identification = 5 octets
· Control Channel Description – allow for AGCH block restrictions and Paging frame information =  2 octets
· Cell Options – not needed (CS domain related) = 0 octets
· Cell Selection Parameters =  2 octets
· RACH Control parameters – same as per SI 1, not needed if included as part of SI 1 related overhead = 0 octets
· SI 3 Rest Octets - Power offset, 	CELL_RESELECT_OFFSET, TEMPORARY_OFFSET, PENALTY_TIME and RA COLOUR may be useful = 3 octets
· Estimated cellular IoT BCCH payload space = 14 octets per cycle
SI 4:	Provides information used for cell selection and reselection purposes (see 10.5.2.35 of 44.018).
· Equivalent needed for cellular IoT BCCH
· Specific content of this SI is projected to be as follows:
· Location Area Identification – already included in SI 3 = 0 octets
· Cell Selection Parameters - already included in SI 3 = 0 octets
· RACH Control parameters - already included in SI 3 = 0 octets
· Channel description – only required for CBCH Channel Description = 0 octets
· Mobile Allocation – only required for CBCH Mobile Allocation = 0 octets
· SI 4 Rest Octets – Power offset, 	CELL_RESELECT_OFFSET, TEMPORARY_OFFSET, PENALTY_TIME and RA COLOUR (if needed) are all covered SI 3 = 0 octets. All LSA parameters associated with SoLSA (support of localized service areas) and are therefore not needed = 0 octets
· Estimated cellular IoT BCCH payload space = 0 octets per cycle
SI 5:	Provides information on the BCCH allocation in the neighbor cells (sent on SACCH).
· Not needed for cellular IoT BCCH
SI 6:	Provides location area identification and cell identity information (sent on SACCH).
· Not needed for cellular IoT BCCH
SI 7:	Provides information used for cell selection and reselection purposes (see 10.5.2.36 of 44.018).
· Cellular IoT equivalent for SI 3 expected to provide sufficient payload space for any information associated with this message.
· Not needed for cellular IoT BCCH
SI 8:	Provides information used for cell selection and reselection purposes (see 10.5.2.37 of 44.018).
· Cellular IoT equivalent for SI 3 expected to provide sufficient payload space for any information associated with this message.
· Not needed for cellular IoT BCCH
SI 9:	Provides RACH Control Parameters (see 10.5.2.29 of 44.018) and scheduling information for some or all of the information on the BCCH (see 10.5.2.37a of 44.018).
· Cellular IoT equivalent for SI 1 or SI 2 expected to provide sufficient payload space for any information associated with this message.
· Not needed for cellular IoT BCCH
SI 10:	Provides VGCS listening and VBS listening information. 
· Not needed for cellular IoT BCCH
SI 13:	Provides GPRS information for the cell (see 10.5.2.37b of 44.018)
· Equivalent needed for cellular IoT BCCH
· For legacy GSM one instance sent once every 8th  51-MF (one instance per set)
· Specific content of this SI is projected to be as follows:
· GPRS Mobile Allocation – Mobile Allocation  indicated by SI 1 is sufficient = 0 octets
· PRIORITY_ACCESS_THR – not needed since all packet access are of equal priority = 0 octets
· Routing Area Code = 1 octet
· SPGC_CCCH_SUP  - split paging not supported = 0 octets
· NETWORK_CONTROL_ORDER – network controlled cell re-selection not needed = 0 octets (i.e. neither PS handover nor measurement reporting in idle mode is supported)
· GPRS Cell Options - NMO and BSS_PAGING_COORDINATION not needed since CS domain access not supported, BS_CV_MAX, EXT_UTBF_NODATA,  T3168, T3192, NW_EXT_UTBF and DRX_TIMER_MAX not needed if pre-allocated radio blocks are used, CONTROL_ACK_TYPE not needed if only PACCH block based Acks are needed, CCN_ACTIVE is not needed since CCN is not supported, REDUCED_LATENCY_ACCESS access not supported, DTM_SUPPORT and DTM_ENHANCEMENTS_CAPABILITY not needed since DTM is not supported, PFC_FEATURE_MODE  not needed since support for PFCs is assumed, MULTIPLE_TBF_CAPABILITY not needed, BEP_PERIOD not needed since there is no measurement reporting, DEDICATED_MODE_MBMS_NOTIFICATION_SUPPORT  not needed since MBMS not supported, some variation of ACCESS_BURST_TYPE, EGPRS_PACKET_CHANNEL_REQUEST, PAN_DEC, PAN_INC and PAN_MAX  may be needed = 3 octets
· GPRS Power Control Parameters – some power control parameters will be needed = 3 octets 
· Estimated cellular IoT BCCH payload space = 7 octets per cycle
SI 13alt:	Provides information about Iu mode operation in the cell.
· Not needed for cellular IoT BCCH
SI 14:	Allows for allocating ARFCN values and dynamically mapping them to physical frequencies (see 3GPP TS 45.005).
· Not needed for cellular IoT BCCH
SI 15:	Allows for allocating ARFCN values and dynamically mapping them to physical frequencies (see 3GPP TS 45.005).
· Not needed for cellular IoT BCCH
SI 16:	Provides information used for cell selection and reselection purposes (see 10.5.2.37e of 44.018).
· Cellular IoT equivalent for SI 3 expected to provide sufficient payload space for any information associated with this message.
· Not needed for cellular IoT BCCH
SI 17:	Provides information used for cell selection and reselection purposes (see 10.5.2.37f of 44.018).
· Cellular IoT equivalent for SI 3 expected to provide sufficient payload space for any information associated with this message.
· Not needed for cellular IoT BCCH
SI 18:	Provides for the transmission of non-GSM broadcast information (see 10.5.2.37h of 44.018).
· Not needed for cellular IoT BCCH
SI 19:	Provides for the transmission of COMPACT information (see 10.5.2.37g of 44.018).
· Not needed for cellular IoT BCCH
SI 20:	Provides for the transmission of non-GSM broadcast information (see 10.5.2.37i of 44.018).
· Not needed for cellular IoT BCCH
SI 21:	Provides the list of EAB (Extended Access Barring) specific authorized access classes and an indication of the subcategory of mobile stations targeted by EAB (see 10.5.2.37m of 44.018).
· A limited form of device barring (i.e. similar to Implicit Reject which needs no BCCH space) may be needed for cellular IoT systems but a mask based form of barring is not seen as being needed.
· Estimated Cellular IoT BCCH payload space = 0 octets
SI 22:	Provides network sharing information (i.e. for Multi-Operator Core Networks) and domain-specific access control (see 10.5.2.37n of 44.018).
· Equivalent may be needed for cellular IoT BCCH
· For legacy GSM one instance sent once every 4th  51-MF (up to 8 instances per set)
· Estimated cellular IoT BCCH payload space if FULL MOCN is supported = 30 octets per cycle but if FULL MOCN is not supported the estimated cellular IoT BCCH payload space = 0 octets
SI23:	Provides PLMN-specific information about UTRAN/E-UTRAN frequencies related to inter RAT re-selection (see 10.5.2.37o of 44.018).
· Not needed for cellular IoT BCCH (if FULL MOCN not supported).
SI New:	Provides new information specific to the introduction of Cellular IoT (i.e. information that is not supported by legacy SI messages). 
· Specific content of this SI is projected to be as follows:
· Supported DRX Cycles – A limited set of long DRX cycles applicable to Cellular IoT (see [1]) = 1 octet
· Estimated cellular IoT BCCH payload space = 1 octet per cycle
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