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Impacts to Radio Interface for 
Coverage Enhancement Authorisation

introduction
The feature Authorization of use of Coverage Enhancement introduced in Rel-14 Stage 2 [1] targets to restrict the usage of radio resources for an EC-GSM-IoT capable mobile after performing Attach and RAU procedure, similar to a feature for eMTC and NB-IoT. The feature has been specified for EC-GSM-IoT on NAS level for Rel-14 in TS 23.060 (Stage 2) and TS 24.008 (Stage 3), as depicted in section 2. However, the impacts to existing radio link control procedures such as cell reselection, DL and UL CC selection for MS in idle and connected mode, DL CC update as well as the handling of routing area updates from introduction of this feature have not been considered. In addition, the specification impact of the network initiated EC Restriction update is analysed. These impacts are discussed in section 3 and proposals are made how to proceed in regard to normative work.  

status of Rel-14 feature
At RAN6#2, an LS from SA2 [2], responding to RAN2, was received, dealing with the matter of Coverage Enhancement Authorization. RAN6 sent a reply LS to SA2 and CT1 in R6-160214 [3].
Changes to TS 24.008 in [4] and [5] were approved at CT#75 and CT#76, respectively. The main procedure is specified in subclause 4.7.2.12.  
Extract from TS 24.008, sub-clause 4.7.2.12:
In order to deal with use of extensive resources from the network, the operator may prevent specific subscribers from using enhanced coverage (see 3GPP TS 23.060 [74]). The MS may indicate its support for restriction on enhanced coverage in the ATTACH REQUEST and ROUTING AREA UPDATE REQUEST message. If the MS supports restriction on use of enhanced coverage, the SGSN indicates whether the use of enhanced coverage is restricted or not in the ATTACH ACCEPT message and ROUTING AREA UPDATE ACCEPT message (see subclause 4.7.3.1 and subclause 4.7.5.1). If the use of enhanced coverage is restricted the MS shall not use enhanced coverage in the registered PLMN and in any PLMN which is in the list of equivalent PLMNs.

--- end of extract ---
Hence the NAS procedure in sub-clause 4.7.2.12 of TS 24.008 is based on following signalling.
· The EC-GSM-IoT capable MS indicates in the Attach Request or Routing Area Update Request its capability to operate the restricted use of enhanced coverage, named Restriction on use of enhanced coverage capability, signalled in the MS network capability IE, to the network. 
· The network then responds with the Restriction on enhanced coverage (RestrictEC) indication, signalled in the Additional network feature support IE, as part of the Attach Accept or Routing Area Update Accept to the MS.
For EC-GSM-IoT the feature is named “restriction on use of enhanced coverage”, see [4]. Hereafter it is referred as “EC Restriction”. EC Restriction restricts the usage of radio resources for an EC-GSM-IoT capable mobile when receiving such indication during the Attach or RAU procedure. 
At RAN6#5, after discussion based on the concept paper [6], it was agreed to send an LS [7] to CT1 and SA2 to get further clarification on open aspects, such as timescale for operation of the procedure, issue of network connectivity of a stationary device in extreme coverage that previously has received the restriction indication, issue of timely re-authorization of enhanced coverage.  
· CT1 replied in [8], sent to RAN6#6, confirming that the procedure is subscriber related on a longer term and not in response to high traffic load in the BSS. The depicted stationary device scenario was not considered as an issue. It was also proposed to align the cell reselection behaviour for an EC-GSM-IoT capable MS in EC Restriction to that for a UE in NB-IoT without CE Authorization. The LS also asked clarification from SA2 on the matter of network initiated reauthorization of enhanced coverage. 
· SA2 replied in [9], sent to RAN6#7, confirming the provided answers from CT1 and responding to the issue of network initiated reauthorization of enhanced coverage, proposing the use of existing mechanisms re-attach and GUTI re-allocation.

Radio Aspects
Impact to cell reselection
EC Restriction restricts the usage of radio resources for an EC-GSM-IoT capable mobile station, as mentioned in TS 24.008, sub-clause 4.7.2.12: “…deal with use of extensive resources from the network…”. 
In alignment to the recommendation provided in the two received LSs in [8] and [9], namely to align the MS cell reselection behaviour during EC Restriction to that for UE in NB-IoT without CE Authorization, it is proposed that an EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, is still allowed to camp on either an EC-GSM-IoT cell or a non-EC-GSM-IoT cell, to identify the best serving cell, according to the description in TS 45.008:
Extract from TS 45.008, sub-clause 6.2:
The cell selected by an EC-GSM-IoT capable MS as a result of performing the cell selection procedure shall be the suitable cell (see 3GPP TS 43.022 [11]) with the highest measured value (i.e., RLA_EC if the MS does not support GPRS services, highest of RLA_EC and RLA_GC if MS supports GPRS services).  
--- end of extract ---

	Proposal 1: An EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, is still allowed to camp on either an EC-GSM-IoT cell or a non-EC-GSM-IoT cell, to identify the best serving cell.



If the MS in EC Restriction reselects to a non-EC-GSM-IoT supporting cell, there is no change in the MS behaviour and thus no specification impact. The MS will camp on this cell and use (E)GPRS channels without extensive usage of radio resources.
Else if the MS in EC Restriction reselects to an EC-GSM-IoT supporting cell, in alignment to cell reselection for UE camping on a NB-IoT cell in case of non-authorized Coverage Enhancement, it is further proposed that, for camping on a EC-GSM-IoT cell in EC Restriction, the EC-GSM-IoT MS needs to apply a configurable offset to the minimum received signal level required for access to the EC-GSM-IoT cell (EC_RXLEV_ACCESS_MIN) which is broadcasted by the cell. In particular, it is proposed to be broadcasted together with this minimum required received signal level within the EC Cell Reselection Parameters in EC SI2 for the serving cell and in the EC Neighbour Cell Reselection Parameters in EC SI3 for each EC-GSM-IoT supporting neighbour cell. The size of the offset corresponds to the amount of desensitization of the MS compared to the non-EC restricted case. Thus, the range between 0 dB and 20 dB (equal to the extended coverage range specified in TS 43.064, Table 3.3.9.2-1) is foreseen to be supported. Aligning to NB-IoT specification in [10], using 5 dB steps, this results in a 2 bit encoded offset, identified as Coverage Enhancement Authorization Offset (CE_AUTH_OFFSET) as given in Table 1 below. 
	Binary representation
	CE_AUTH _OFFSET

	00
	5 dB

	01
	10 dB

	10
	15 dB

	11
	20 dB


Table 1: Encoding for parameter CE_AUTH_OFFSET broadcasted in EC SI2 and EC SI3.
It is proposed to be signalled as optional parameter in Rel-14:
· If the network does not support EC restriction, the parameter value is not signalled and CE_AUTH_OFFSET = 0 dB applies (i.e. only one bit needs to be signalled for indicating non-presence of the optional parameter). 
· In case the network supports EC restriction, this parameter is signalled requiring 3 bits (1 bit for indicating presence of the optional parameter and 2 bits for the value). 
This is aligned to signalling for NB-IoT where the offset parameter (ASN.1 parameter: ce-authorisationOffset) is optional for SIB1-NB, SIB3-NB and SIB5-NB in the RRC signalling.
	Proposal 2: An EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, is allowed to camp on an EC-GSM-IoT cell after applying the broadcasted CE_AUTH_OFFSET value in the cell reselection algorithm, and after identifying it as best serving cell. The parameter is broadcasted in EC SI2 for the serving cell and in EC SI3 for each neighbour cell and covers the range 0…20 dB in 5 dB steps and its value has a length of 2 bits.



To this purpose, the following adjustment of the cell reselection procedure in TS 45.008, depicted in red font is required. In particular, the C1_EC parameters to determine the C1_EC criterion need to be adjusted to correctly evaluate the best serving cell for the condition of restricted use of enhanced coverage. It is noted that the above offset is not applied for cell reselection to non-supporting EC-GSM-IoT cells. Thus, normal coverage based on the threshold RXLEV_ACCESS_MIN is always supported in EC Restriction. In case only EC-GSM-IoT supporting cells are available in EC Restriction, normal coverage should always be supported independently from the offset configuration. Thus, the minimum between (EC_RXLEV_ACCESS_MIN + CE_AUTH_OFFSET) and RXLEV_ACCESS_MIN needs to be applied when determining A_EC.   
Extract from TS 45.008, sub-clause 6.4.1:
-	For an EC-GSM-IoT capable MS evaluating the path loss criterion for an EC-GSM-IoT cell C1 is defined as:
	C1_EC = (A_EC - Max(B_EC,0))
Table 6.4-2: C1_EC parameters
	Parameter
	Description

	A_EC [dB]
	RLA_EC – EC_RXLEV_ACCESS_MIN, if use of enhanced coverage is not restricted;
RLA_EC – min{ (EC_RXLEV_ACCESS_MIN + CE_AUTH_OFFSET), RXLEV_ACCESS_MIN }, if use of enhanced coverage is restricted (see 3GPP TS 24.008 [46] and NOTE 2);

	RLA_EC [dBm]
	Signal level metric as defined in subclause 6.9

	EC_RXLEV_ACCESS_MIN [dBm]
	Minimum received signal level at the MS required for access to the EC-GSM-IoT cell.

	CE_AUTH_OFFSET [dB]
	Offset to be applied in case use of enhanced coverage is restricted (see 3GPP TS 44.018 [17]).

	B_EC [dB]
	MS_TXPWR_MAX_CCH – P

	MS_TXPWR_MAX_CCH [dBm]
	Maximum TX power level an EC-GSM-IoT MS may use when accessing the system until otherwise commanded.

	P [dBm]
	Maximum RF output power of the MS.



NOTE :	When TX diversity (antenna hopping) is active a MS may underestimate RLA_EC. This can be compensated for by the network in an adjustment of the EC_RX_LEV_ACCESS_MIN.
--- end of extract ---
It is proposed that the cell reselection in EC Restriction shall be performed by the MS using the above algorithm to identify suitable EC-GSM-IoT supporting cells for the case that use of enhanced coverage is restricted. 
	Proposal 3: For an EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, the cell reselection towards a non-EC-GSM-IoT supporting cell is not modified, whilst the cell reselection towards an EC-GSM-IoT supporting cell is modified to include the broadcasted parameter CE_AUTH_OFFSET, as depicted above. 



As the procedure is subscriber based, as confirmed in both LSs in [8] and [9], i.e. a certain subscriber is commanded to use EC Restriction, no differences between neighbour cells of the same PLMN are expected. Thus, there is in general no need to explicitly signal this offset for each neighbour cell within the neighbour cell reselection. It is noted that provision has been made for EC SI3 that the network may indicate on a per NC basis, whether the MS should reuse the EC Cell Reselection Parameters for the serving cell broadcasted in EC SI2, or use dedicated parameters broadcasted in the EC Neighbour Cell Reselection Parameters in EC SI3. However, with regard to coordinated networks, in case some neighbour cells are part of another PLMN, the CE_AUTH_OFFSET may be configured in a different way in both PLMN’s and hence in this case it is expected that the MS needs to read the offset parameter in EC SI3. 
In case the MS is able to camp on the selected serving cell, the cell reselection procedure is successfully completed. No further change to TS 45.008 is required.
Else, if the MS is not able to reselect to a suitable cell, i.e. C1_EC and C1_GC criteria are negative for all cells and the MS is in enhanced coverage, the MS cannot camp on any cell and hence network connectivity is lost. This may in particular be an issue for stationary devices which then need to be power cycled to retain network connectivity. However, this drawback was raised by RAN6 in [7], but was not seen as crucial in both LSs from CT1 and SA2 in [8] and [9].

Impact to DL and UL coverage class selection in idle mode
Since the use of the Coverage Enhancement Authorization offset effectively desensitizes the MS, the MS will only detect stronger cells and thus refrain from using higher Coverage Classes for UL or DL data transfer. A smaller offset in the range 5 to 10 dB will lead to excluding CC3 and CC4, respectively, whilst a larger offset will exclude CC2 and hence only allow CC1 operation. However, depending on the MS output power, i.e. 23 dBm or 33 dBm, the UL may still be operated using repetition in this case (whilst CC1 may be used in DL) to balance the system gains for both directions, which is seen as appropriate to secure the bidirectional communication during EC Restriction. 
Consequently, for DL and UL coverage class selection in idle mode and for setting up any data transfer during EC Restriction, no changes in the signalling are needed.  
	Proposal 4: The EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network and camps on a EC-GSM-IoT supporting cell, after having applied CE_AUTH_OFFSET for cell reselection, uses the DL and UL coverage class selection mechanism to perform the EC packet access procedure for data transfer as specified for the non-restricted case.



Impact to DL and UL coverage class selection for connected mode operation
The EC-GSM-IoT MS in idle mode, when in EC Restriction, uses the parameter CE_AUTH_OFFSET, broadcasted in EC System Information, in the cell selection procedure (see sub-clause 3.1). Thus, the DL and UL coverage class selection in idle mode is controlled by the network based on this offset, as the MS does not use more blind physical layer transmissions than authorised by the network. 
In connected mode, when the MS establishes the TBF, the coverage class is assigned by the BSS and may be adapted during the TBF operation according to observed radio conditions and implementation based criteria. In order to enable the BSS to take into account the Enhanced Coverage Restriction status for the given subscriber as input for its decision on coverage class adaptation during TBF operation, the latest status for EC Restriction (binary) needs to be signalled by the SGSN over Gb to the BSS. The addition of the optional EC Restriction status information in messages between SGSN and BSS is aligned to changes to S1 interface for NB-IoT in order to support inclusion of the optional “Enhanced Coverage Restricted” IE in S1 messages from MME [11]. For EC-GSM-IoT the DL UNITDATA message is proposed to carry the equivalent information element over Gb as depicted for procedural and message parts below.
Extract from TS 48.018, sub-clauses 6.1, 10.2.1 and addition of new sub-clause 11.3.141: 
[bookmark: _Toc485406029]6.1	Downlink UNITDATA procedure
On the downlink, a DL-UNITDATA PDU shall contain information elements to be used by the RLC/MAC function and an LLC-PDU. There shall be only one LLC-PDU per DL-UNITDATA PDU. The LLC-PDU shall always be the last information element in the DL-UNITDATA PDU, and shall be aligned on a 32 bit boundary for efficient processing.
An SGSN provides the BSSGP with a current TLLI, identifying the MS. If an SGSN provides a second TLLI, indicating that an MS has recently changed its TLLI, this shall be considered as the "old" TLLI. A BSS uses the "old" TLLI to locate an MS's existing context. Subsequent uplink data transfers for this MS shall reference the current TLLI, and not the old TLLI.
The SGSN shall include the IMSI in the PDU. As an exception, the SGSN may omit the IMSI in the PDU if the mobile station identified by the TLLI is in MM non-DRX mode period (i.e. during a GMM procedure for GPRS attach or routing area updating defined in 3GPP TS 24.008) and the SGSN does not have a valid IMSI.
The SGSN may include the Service UTRAN CCO (Cell Change Order) information element in the PDU (relevant if the network initiated cell change order to UTRAN, network initiated cell change order to E-UTRAN, PS handover to UTRAN or PS handover to E-UTRAN procedures are used). If this information element is received in multiple PDUs (either DL-UNITDATA PDU(s), CREATE-BSS-PFC PDU(s) or PS-HANDOVER-REQUEST PDU(s)), the information element contained in the last received PDU shall take precedence.
If the SGSN has valid DRX Parameters for a TLLI, then the SGSN shall include them in the PDU. Nevertheless, the SGSN can omit the DRX Parameters if the MS identified with the TLLI is in MM non-DRX mode period to speed up the transmission of the LLC-PDU on the radio interface. The SGSN shall not send a DL-UNITDATA PDU without the DRX Parameters IE if the MS identified with the TLLI is not in MM non-DRX mode period. 
An exception case is when the SGSN has uplink and downlink Coverage Class information (previously received from the BSS in the UL-UNITDATA PDU) or eDRX information (negotiated during NAS signalling) or both available for a given MS in which case it shall proceed as follows when sending a DL-UNITDATA PDU for that MS: 
-	If uplink and downlink Coverage Class information is available for the MS then the SGSN shall include the Coverage Class information in the DL-UNITDATA. If a negotiated eDRX value is available then it shall also be included. The SGSN considers the eDRX to be negotiated upon accepting the eDRX cycle value requested by a MS during NAS signalling. If a negotiated eDRX value is not available but DRX information is available then it shall be included. If the target cell supports EC-GSM-IoT the corresponding LLC-PDU is delivered as follows:
-	If the MS is in idle mode a downlink packet resource assignment is sent on the EC-AGCH of its EC_CCCH_GROUP (see 3GPP TS 45.002 [32]) using the indicated downlink Coverage Class information and the lowest eDRX cycle and the LLC PDU is sent thereon.
-	If the MS is in packet transfer mode the LLC PDU is delivered using either an existing downlink EC TBF or using a new downlink EC TBF established by sending a downlink packet resource assignment on the EC-PACCH (see 3GPP TS 44.060 [22]) using the downlink Coverage Class information the BSS is currently using for that MS. 
-	If Coverage Class information is not available but a negotiated eDRX value is available for the MS then the SGSN shall include the negotiated eDRX value in the DL-UNITDATA PDU. If the target cell supports eDRX the corresponding LLC-PDU is delivered as follows:
-	If the MS is in idle mode a downlink packet resource assignment is sent on the AGCH of its CCCH_GROUP (see 3GPP TS 45.002 [32]) using the lowest eDRX cycle and the LLC PDU is sent thereon.
-	If the MS is in packet transfer mode the LLC PDU is delivered using either an existing downlink TBF or using a new downlink TBF established by sending a downlink packet resource assignment on the PACCH (see 3GPP TS 44.060 [22]).
-	The SGSN shall apply these rules also when sending a DL-UNITDATA PDU to a MS for which the GMM procedure for GPRS attach or routing area updating (defined in 3GPP TS 24.008) has not yet completed.
An SGSN provides the BSSGP with MS specific information, enabling the RLC/MAC entity in a BSS to transmit an LLC-PDU to the MS in a user specific manner. The information made available to the radio interface includes:
-	MS Radio Access Capability. This defines the radio capabilities of the ME. If there is valid MS Radio Access Capability information known by the SGSN for the associated MS, the SGSN shall include it in the DL‑UNITDATA PDU. Otherwise, MS Radio Access Capability shall not be present;
-	Packet Flow Identifier. This identifies the packet flow context associated with the LLC PDU and is included by the SGSN if the packet flow context feature is negotiated. If the mobile station does not support the PFC feature or if the PFI is not known (e.g. the new SGSN did not get the PFI from the old SGSN during a RAU) then the SGSN shall use the pre-defined PFI to indicate best-effort QoS;
-	QoS Profile. This defines the (peak) bit rate, the type of BSSGP's SDU (signalling or data), the type of LLC frame (ACK, SACK, or not), the precedence class, and the transmission mode to be used when transmitting the LLC-PDU across the radio interface;
-	PDU Lifetime. This defines the remaining time period that the PDU is considered as valid within the BSS. If the PDU is held for a period exceeding the "PDU Lifetime" time period, the PDU shall be locally discarded. The PDU Lifetime is set within the SGSN by the upper layers.
An SGSN provides the BSSGP with Enhanced Coverage Additional Information which indicates to the BSS whether the use of enhanced coverage is restricted or not for given MS enabling the BSS to decide the coverage class (uplink and/or downlink) in packet transfer mode.
A BSS may incorporate the PDU Lifetime, the Precedence and the (peak) bit rate into its radio resource scheduler. If the PFI is present then the BSS may incorporate the information from the associated ABQP into its radio resource scheduler. The algorithm to do this is out of scope of the present document.
 [continuation of sub-clause] 

[bookmark: _Toc485406222]10.2.1	DL-UNITDATA
This PDU is sent to the BSS to transfer an LLC-PDU across the radio interface to an MS.
PDU type:	DL-UNITDATA
Direction:	SGSN to BSS
Table 10.2.1: DL-UNITDATA PDU contents
	Information element
	Type / Reference
	Presence
	Format
	Length

	PDU type
	PDU type/11.3.26
	M
	V
	1

	TLLI (current)
	TLLI/11.3.35
	M
	V
	4

	QoS Profile (note 1)
	QoS Profile/11.3.28
	M
	V
	3

	PDU Lifetime
	PDU Lifetime/11.3.25
	M
	TLV
	4

	MS Radio Access Capability (note 2)
	MS Radio Access Capability/11.3.22
	O
	TLV
	7-?

	Priority (note 3)
	Priority/11.3.27
	O
	TLV
	3

	DRX Parameters (note 11)
	DRX Parameters/11.3.11
	O
	TLV
	4

	IMSI (note 14)
	IMSI/11.3.14
	O
	TLV
	5-10

	TLLI (old)
	TLLI/11.3.35
	O
	TLV
	6

	PFI
	PFI/11.3.42
	O
	TLV
	3

	LSA Information
	LSA Information/11.3.19
	O
	TLV
	7-?

	Service UTRAN CCO
	Service UTRAN CCO/11.3.47
	O
	TLV
	3

	Subscriber Profile ID for RAT/Frequency priority (note 5)
	Subscriber Profile ID for RAT/Frequency priority/11.3.105
	O
	TLV
	3

	Redirection Indication  (note 6)
	Redirection Indication/11.3.112
	O
	TLV
	3

	Redirection Completed (note 7)
	Redirection Completed/11.3.113
	O
	TLV
	3

	Unconfirmed send state variable (note 9)
	Unconfirmed send state variable/11.3.114
	C
	TLV
	4

	SCI (note 10)
	SCI/ 11.3.116
	O
	TLV
	3

	GGSN/P-GW location (note 10)
	GGSN/P-GW location/11.3.117
	O
	TLV
	3

	eDRX Parameters (note 11)
	eDRX Parameters/11.3.122
	O
	TLV
	3

	Coverage Class
	Coverage Class/11.3.124
	O
	TLV
	3

	Old Routing Area Identification (note 12)
	Old Routing Area Identification/11.3.127
	O
	TLV
	8

	Attach Indicator (note 13)
	Attach Indicator/11.3.128
	O
	TLV
	3

	SGSN Group Identity (note 15)
	SGSN Group Identity/11.3.131
	C
	TLV
	5

	Additional P-TMSI (note 15)
	Additional P-TMSI/11.3.132
	C
	TLV
	6

	UE Usage Type (note 15)
	UE Usage Type/11.3.133
	C
	TLV
	3

	Alignment octets
	Alignment octets/11.3.1
	O
	TLV
	2-5

	LLC-PDU (note 4)
	LLC-PDU/11.3.15
	M
	TLV
	2-?

	Initial LLC-PDU (note 8)
	LLC-PDU/11.3.15
	O
	TLV
	2-?

	Timing Advance Request
	Timing Advance Request/11.3.140
	O
	TLV
	3

	Enhanced Coverage Additional Information
	Enhanced Coverage Additional Information /11.3.141
	O
	TLV
	3

	NOTE 1:	Some attributes of the QoS Profile shall be discarded if the PFI field is present and corresponds to a known PFC in the BSS.
NOTE 2:	The field shall be present if there is valid MS Radio Access Capability information known by the SGSN; the field shall not be present otherwise.
NOTE 3:	The priority field shall be discarded if the PFI field is present and corresponds to a known PFC in the BSS for which the ARP field was received.
NOTE 4:	The LLC-PDU Length Indicator may be zero. 
NOTE 5:	This IE may be included if available in the SGSN. If the Service UTRAN CCO IE is present with the value of "shall not" the Service UTRAN CCO IE takes precedence over this IE. 
NOTE 6:	This IE shall be included if Redirect Attempt flag was present in UL-UNITDATA and the CN requests rerouting by the BSC to another CN operator.
NOTE 7:	This IE shall be included if Redirect Attempt flag was present in UL-UNITDATA and the redirection is completed.
NOTE 8:	The initial Layer 3 Information received from MS. Only present when Redirection Indication is present.
NOTE 9:	Contains the value of the V(U) as defined in 3GPP TS 44.064 [12] if Redirection Indication IE is present.
NOTE 10:	These IEs are included when the SGSN supports the SIRUG feature and the received GTP-U packet contained the SCI IE. 
NOTE 11:	If the SGSN has valid eDRX Parameters for a TLLI it shall include the eDRX Parameters IE (see sub-clause 6.1) in which case the DRX Parameters IE shall not be included. 
NOTE 12:	This IE is only included when Redirection Indication is present and the SGSN supports CS/PS coordination enhancements.
NOTE 13:	This IE indicates a GPRS attach request from the MS. It may only be included if Redirection Indication is present and the SGSN supports CS/PS coordination enhancements.
NOTE 14: This IE is included if the IMSI was retrieved unencrypted from the MS and the SGSN supports Dedicated Core Networks. 
NOTE 15: This IE is included if the SGSN supports Dedicated Core Networks and is included when the “Redirection Indication” IE is present.


[bookmark: _Hlk489970729]11.3.141	Enhanced Coverage Additional Information
This information element provides the BSS with the Enhanced Coverage Additional Information. 
The element coding is:
Table 11.3.141.a: Enhanced Coverage Additional Information
	
	8
	7
	6
	5
	4
	3
	2
	1

	Octet 1
	IEI

	Octet 2
	Length Indicator

	Octet 3
	Spare
	ECR



The Enhanced Coverage Restriction (ECR) field is coded as shown below:
Table 11.3.141.b: ECR field
	Coding
	Semantic

	0
	Restriction on use of enhanced coverage applies 

	1
	No restriction on use of enhanced coverage applies or restricted use of enhanced coverage is removed




--- end of extract ---
	Proposal 5: The BSS serving a EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, is informed by the SGSN in the DL- UNITDATA PDU message about the applied EC Restriction for CC adaptation of MS in connected mode. 



0. Impact to Routing Area Update procedure
As for DL and UL coverage class selection for data transfer, no change of the MS behaviour for sending either a normal or a periodic Routing Area Update is required. 
	Proposal 6: The EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network and camps on a EC-GSM-IoT supporting cell, after having applied CE_AUTH_OFFSET for cell reselection, performs the Routing Area Update procedure as specified for the non-restricted case.



During normal or periodic Routing Area Update, the MS also informs the network, i.e. the SGSN, on its selected UL and DL coverage class. This information can be used by the SGSN for future paging requests to the MS as outlined in section 3.5.

0. Impact to Downlink coverage class update procedure 
The downlink coverage class update procedure is used by the MS to inform the network on a change of the DL CC before a paging block occasion for the considered MS. As for DL and UL coverage class selection for data transfer, no change of the MS behaviour for sending the Downlink CC update is required. 
	Proposal 7: The EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network and camps on a EC-GSM-IoT supporting cell, after having applied CE_AUTH_OFFSET for cell reselection, performs the Downlink coverage class update procedure as specified for the non-restricted case.



Impact due to network initiated EC Restriction update
When the MS is commanded by the network to apply EC Restriction, i.e. during Attach or RAU procedure, it cannot perform UL and DL data transfer applying a higher CC than identified according to the DL and UL CC selection procedure. Thus, in case of paging requests, the network may only send them in e.g. CC1 or CC2 to that MS, whilst in case the MS moves to extreme coverage and a higher CC being required, the MS cannot be successfully paged. 
However, in case the subscriber’s MS is re-authorized to operate in enhanced coverage, the MS originated Attach or RAU procedure would need to be awaited, which may yield increased latency for regaining operability in enhanced coverage while in EC Restriction. As mentioned in the Reply LS from SA2 [9], an alternative is to re-use the existing network initiated mechanisms to update the MS on its EC re-authorization. For this, either the re-attach procedure or the GUTI reallocation procedure are proposed by SA2. 
However, the re-attach procedure is not seen as suitable, as the network needs first to send a DETACH REQUEST message with the detach type IE indicating “re-attach required”, the MS needs to send a DETACH ACCEPT message, then release all PDP contexts and complete the detach procedure before initiating a GPRS attach procedure, which is time consuming and not appropriate in case of an MS with data transfer in connected mode. The second option provided by SA2, the GUTI reallocation procedure, only applies while the UE is in E-UTRAN and cannot be applied while in GERAN PS. 
For Rel-14, it is proposed to reuse the existing packet paging procedure, which does not have any impact on CN protocols. The general procedure and the specification impacts are considered in more detail hereafter.

General procedure 
The SGSN, after having received the Enhanced Coverage Restricted parameter from the HLR being kept as part of the subscription data in the HLR and specifying per PLMN whether the enhanced coverage functionality is restricted or not for the MS (see TS 23.060) and if this changes to allow the use of enhanced coverage: 
· It sends a PAGING-PS PDU message to the BSC indicating if the restriction for use of enhanced coverage applies or not. 
· The BSC then issues an EC PAGING REQUEST to all BTS in the paging area adding the indication on the removal of EC Restriction. 
· Upon reception, the MS checks if EC Restriction is removed, and if yes, starts a new cell reselection procedure not applying the CE_AUTH_OFFSET value. 
In case network connectivity exists, Downlink CC information received at the SGSN during the normal RAU procedure or the Downlink CC update procedure can be used to ensure robust paging of such IoT device in enhanced coverage being used to reauthorize enhanced coverage for this device. To this purpose it is proposed to inform the MS on the removal of the EC Restriction via paging on PCH (in a non-EC-GSM-IoT supporting cell) or EC-PCH (in a EC-GSM-IoT supporting cell). This allows for timely provision of enhanced coverage after EC Restriction, independent of the duration and cause of EC Restriction. 
In case no network connectivity exists, e.g. the device has moved out of the paging area or has temporarily entered extreme coverage, further paging attempts with the option to increase the paging area based on the last updated DL CC can be done by the network before declaring a paging failure.
For normative work, specification changes in TS 44.018 and TS 48.018 are needed as depicted in the next subsection.

Specification Impacts 
In TS 44.018, a change to the procedural description is needed to sub-clause 3.5.1.2, depicted in red font.
Extract from TS 44.018, sub-clause 3.5.1.2:
[bookmark: _Toc485314820]3.5.1.2	On receipt of a packet paging request
On the receipt of a paging request message, the RR sublayer of addressed mobile station indicates the receipt of a paging request to the MM sublayer, see 3GPP TS 24.007.
An exception case is when a mobile station that has enabled PEO or EC operation and supports the MTA procedure or the MOTD procedure receives a paging request message that indicates a positioning event is pending (see sub-clauses 10.5.2.23, 10.5.2.24 and 10.5.2.25 for PEO and sub-clause 9.1.63 for EC operation). When this occurs the mobile station may perform a cell re-selection (see 3GPP TS 45.008 [34]) after which the RR sublayer of addressed mobile station indicates the receipt of a paging request to the MM sublayer, see 3GPP TS 24.007 [20].
Another exception case is when an EC-GSM-IoT capable mobile station, that has previously received an indication for restricted use of enhanced coverage (see 3GPP TS 24.008 [79]), receives a paging request message in (E)GPRS operation, while camping on a non-EC-GSM-IoT supporting cell, or in EC operation, while camping on a non-EC-GSM-IoT supporting cell, that indicates that the restricted use of enhanced coverage is removed. When this occurs, the mobile station shall perform a cell re-selection (see 3GPP TS 45.008 [34]) after which the RR sublayer of addressed mobile station indicates the receipt of a paging request to the MM sublayer, see 3GPP TS 24.007 [20].
--- end of extract ---
Corresponding changes to PAGING REQUEST TYPE 1, PAGING REQUEST TYPE 2, PAGING REQUEST TYPE 3 and EC PAGING REQUEST in TS 44.018 are required to inform the MS about the removed EC Restriction status. In this case, when the network pages the MS to inform it on the removed EC Restriction status it uses the last reported DL CC information and paging strategy related information to ensure robust transmission of the paging request.
The change is shown below in red font for EC PAGING REQUEST and similar changes are needed to P1 Rest Octets, P2 Rest Octets and P3 Rest Octets, respectively, for the other above messages.
Extract from TS 44.018, sub-clause 9.1.63:
[bookmark: _Toc485315180]9.1.63	EC PAGING REQUEST
This message is sent on the EC-CCCH by the network and may identify up to two mobile stations. It may be sent to a mobile station in packet idle mode to transfer MM information (i.e. trigger of cell update procedure). The mobile stations are identified by their P-TMSI or IMSI. 

Message type:	EC PAGING REQUEST
Significance:	dual
Direction:	network to mobile station
Table 9.1.63.1: EC PAGING REQUEST message content
	< EC Paging Request message content > ::=
	< Message Type : bit (4)  >
	< Used DL Coverage Class: bit (2) >
	{ 0 | 1 < EC Page Extension ; bit (4) > }
	< Mobile Identity 1 : < Mobile Identity struct  >> 
	{ 0 | 1 < Mobile Identity 2 : < Mobile Identity struct  >> }
	{	null		| L				-- Receiver compatible with earlier release
		| H						-- Additions in Release 14
			< Positioning Event Pending Indicator : bit (2) >
			< Enhanced Coverage Restriction Removed Indicator : bit (2) >
	} 

 	<spare padding> ;
 

	< Mobile Identity struct > ::= 
	{ 0 < P-TMSI : bit (32) > 
		| 1	< Number of IMSI Digits : bit (4) >
			< IMSI Digits : bit (4 * (val(Number of IMSI Digits) + 1)) > } ;




Table 9.1.63.2: EC PAGING REQUEST message details
	Message Type (4 bit field)

This field indicates the type of  message sent on the EC-CCCH (see Table 10.4.4)


	Used DL Coverage Class (2 bit field)

This field is coded as described in sub-clause 9.1.60.


	EC Page Extension (4 bit field)

This field is coded as described in sub-clause 9.1.60.


	 P-TMSI field (32 bit field)

This field identifies the P-TMSI assigned to the mobile station using NAS signalling. It is coded as the value part of the TMSI/P-TMSI IE as described in sub-clause 10.5.2.42.


	 Number of IMSI Digits (4 bit field)

This field identifies the number of digits in the IMSI. This field is coded as follows:

 Bit
4 3 2 1   
0 0 0 0   1 digit
0 0 0 1   2 digits
0 0 1 0   3 digits
.
.
.
1 1 1 1   16 digits


	IMSI Digits 

This field is coded as a set of N digits where N = val(Number of IMSI Digits + 1) where the first instance of IMSI Digits corresponds to “Identity digit 1” of Figure 10.5.4/3GPP TS 24.008, the second instance of IMSI Digits corresponds to “Identity digit 2” of Figure 10.5.4/3GPP TS 24.008 and so on.


	Positioning Event Pending Indicator (2 bit field) 

This field 	is a 2 bit bitmap indicating whether or not a paging request is sent due to a pending positioning event for the MS identified by the Mobile Identity 1 and Mobile Identity 2 fields.

Bit
2 1   
x 0   Page not sent for Mobile Identity 1 due to a pending positioning event
x 1   Page sent for Mobile Identity 1 due to a pending positioning event
0 x   Page not sent for Mobile Identity 2 due to a pending positioning event
1 x   Page sent for Mobile Identity 2 due to a pending positioning event


	Enhanced Coverage Restriction Removed Indicator (2 bit field) 

This field is a 2 bit bitmap indicating whether or not the use of enhanced coverage restriction is removed for the MS identified by the Mobile Identity 1 and Mobile Identity 2 fields.

Bit
2 1   
x 0   Restricted use of enhanced coverage not removed for Mobile Identity 1 
x 1   No restriction on use of enhanced coverage or restricted use of enhanced coverage removed for Mobile Identity 1 
0 x   Restricted use of enhanced coverage not removed for Mobile Identity 2 
1 x   No restriction on use of enhanced coverage or restricted use of enhanced coverage removed for Mobile Identity 2 




--- end of extract ---
In addition, following changes in TS 48.018 are needed. 

To handle the above depicted paging of the EC-GSM-IoT capable MS in EC Restriction, small changes to TS 48.018 are required to include the signalling indication on the Gb interface. Thus, when the SGSN evaluates whether to page a certain MS, e.g. it has received a paging request from GGSN for that MS or a paging occasion for that MS approaches, it will check the EC Restriction status for that MS obtained from the HSS/HLR or retrieve it from the stored MS context, in the same way as during the Routing Area Update procedure, and include the respective information into the paging request sent to the BSS for mapping it to the (EC) paging request message. This ensures that the EC Restriction status is successfully removed at a given stationary IoT device and at an earlier time than awaiting the next Attach or RAU procedure of that particular device, thus will improve QoS for this device.  

It is proposed to specify the SGSN behaviour in sub-clauses 7.1 and 7.1a of TS 48.018 as well as the related signalling over Gb within an optional IE in the PAGING-PS message in sub-clauses 10.3.1 and 11.3.141, as depicted below in red font. This IE needs to be independent from the Coverage Class IE, since it may also be signalled in case the MS is connected to a non-EC-GSM-IoT supporting cell during EC Restriction.

Extract from TS 48.018, sub-clause 7.1a:
[bookmark: _Toc485406049]7.1a	Paging procedure for Extended Coverage and eDRX
An SGSN may have any combination of uplink and downlink Coverage Class information (previously received from the BSS in an UL-UNITDATA PDU) and eDRX information (negotiated during NAS signalling) available for a given MS when it determines that paging is necessary for that MS. When sending a PAGING-PS PDU to a BSS to trigger paging for a given MS the SGSN shall include the most recently received Coverage Class information and the most recent eDRX value negotiated during NAS signalling for that MS. If the BVC-RESET procedure (see sub-clauses 8.4 and 11.3.84) is performed and indicates a change to the eDRX capability for a BSS, it shall not impact the most recent eDRX value negotiated during NAS signalling for that MS.

[bookmark: _Hlk489969205][bookmark: _Hlk490121774]In case the network supports restriction of use of enhanced coverage (see 3GPP TS 24.008 [46]), the SGSN checks the status of Enhanced Coverage Restriction (RestrictEC indication in 3GPP TS 24.008 [46]) obtained from HSS/HLR or retrieves the status from the stored MS context and includes it in the PAGING-PS PDU (see sub-clauses 10.3.1 and 11.3.141) in order to inform the BSS whether to sustain or remove the restriction on use of enhanced coverage. 

--- end of extract ---
A similar change is needed in sub-clause 7.1 in case the EC-GSM-IoT capable MS camps on a non-EC-GSM-IoT supporting cell. In addition, following changes are required to subclauses 10.3.1 and 11.3.141, depicted in red font.

Extract from TS 48.018, sub-clauses 10.3.1 (section 3.3 includes the new sub-clause 11.3.141):
[bookmark: _Toc468894854][bookmark: _Toc468895096]10.3.1	PAGING PS
This PDU indicates that a BSS shall initiate the packet paging procedure for an MS within a group of cells.

PDU type:	PAGING-PS
Direction:	SGSN to BSS
Table 10.3.1: PAGING PS PDU content
	Information elements
	Type / Reference
	Presence
	Format
	Length

	PDU type
	PDU type/11.3.26
	M
	V
	1

	IMSI
	IMSI/11.3.14
	M
	TLV
	5 -10

	DRX Parameters (note 3)
	DRX Parameters/11.3.11
	O
	TLV
	4

	BVCI (note 1)
	BVCI/11.3.6
	C
	TLV
	4

	Location Area (note 1)
	Location Area/11.3.17
	C (note 2)
	TLV
	7

	Routeing Area (note 1)
	Routeing Area/11.3.31
	C (note 2)
	TLV
	8

	BSS Area Indication (note 1)
	BSS Area Indication/11.3.3
	C
	TLV
	3

	PFI
	PFI/11.3.42
	O
	TLV
	3

	ABQP
	ABQP/11.3.43
	O
	TLV
	13-?

	QoS Profile
	QoS Profile/11.3.28
	M
	TLV
	5

	P-TMSI
	TMSI/11.3.36
	O
	TLV
	6

	eDRX Parameters (note 3)
	eDRX Parameters/11.3.122
	O
	TLV
	3

	Coverage Class
	Coverage Class/11.3.124
	O
	TLV
	3

	Enhanced Coverage Additional Information
	Enhanced Coverage Additional Information /11.3.141
	O
	TLV
	3

	Cell Identifier (note 4)
	Cell Identifier/11.3.9
	O
	TLV
	10

	MS Radio Access Capability (note 5)
	MS Radio Access Capability/11.3.22
	O
	TLV
	7-?

	Paging Attempt Information
	Paging Attempt Information/11.3.125
	O
	TLV
	3

	NOTE 1:	One and only one of the conditional IEs shall be present. No repeated instances of the conditional IEs are permissible (e.g. one and only one Location Area shall be present).
NOTE 2:	When network sharing is supported, the PLMN included in the Location Area/ Routeing Area elements can be either the Common PLMN or an Additional PLMN (see 3GPP TS 44.018 [25]).
NOTE 3:	If the SGSN has valid eDRX Parameters for a TLLI it shall include the eDRX Parameters IE in which case the DRX Parameters IE shall not be included. For the case where PSM is enabled with eDRX and the Active timer is running the SGSN shall always include the negotiated eDRX value in the eDRX Parameters IE. 
NOTE 4: 	The cell identity for the cell where the Coverage Class was reported by the MS shall be included if available at the SGSN.
NOTE 5: 	The field shall be present if there is valid MS Radio Access Capability information for the MS known by the SGSN; the field shall not be present otherwise.




Thus, following proposal is made.

	Proposal 8: The SGSN, after having received updated status information from HSS/HLR, sends the EC Restriction removal indication for a EC-GSM-IoT capable MS in normal or enhanced coverage, as part of the PAGING-PS PDU message to the BSC which forwards the indication in an (EC)PAGING REQUEST to the EC-GSM-IoT capable MS. 




CONCLUSION 
This contribution has analysed the impact on radio link control procedures due to the introduction of EC Restriction at NAS layer. In particular, impacts to cell reselection, DL /UL coverage class adaptation for idle and connected mode, routing area update, DL coverage class update and paging procedures were identified, that need to be considered in order to efficiently control radio resources for an MS in EC Restriction. Thus, changes to TS 43.064 (functional description for EC Restriction), and to stage 3 specs, i.e. TS 44.018, TS 45.008 and TS 48.018 are required for GERAN Rel-14 specifications.
The sourcing companies propose to agree the above depicted changes based on eight proposals to take into account the impact on radio link control procedures from the introduction of Enhanced Coverage Restriction in Rel-14 and provides accompanying stage 2 CR and stage 3 CRs in [12], [13], [14] and [15].
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