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Impacts to RLC Procedures from 
Restriction on Use of Enhanced Coverage 

introduction
The feature Authorization of use of Coverage Enhancement [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 on NAS level for Rel-14 in TS 24.008. However, the impacts to existing radio link control procedures such as cell reselection, DL and UL CC selection, the handling of routing area update and paging requests from introduction of this feature have not been considered. These impacts are discussed in this contribution 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”.

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…”. 
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.



It is further proposed that the EC-GSM-IoT MS is allowed to perform UL and DL data transfer using CC1, which does not yield extensive radio resource usage compared to EGPRS MCS-1 operation. This is in alignment to the previously sent LS in [3] and secondly also takes into account the case of an EC-GSM-IoT only device, that does not support (E)GPRS.
	Proposal 2: An EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, is allowed to perform UL and DL data transfer using CC1, which does not require additional radio resource usage compared to EGPRS MCS-1 operation.



To this purpose, following adjustments of the cell reselection procedure in TS 45.008, depicted in red font, are required.
a) The C1_EC parameters to determine the C1_EC criterion need to be adjusted to correctly evaluate the best serving cell for the condition for restricting data transfer to CC1 usage. 
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 – BT_Threshold_DL, 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.

	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 1:	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.
[bookmark: _Hlk489901353]NOTE 2:	As an exception, in case the EC-GSM-IoT capable MS cannot camp on any cell if use of enhanced coverage is restricted (see 3GPP TS 24.008 [46]), it shall set 
[bookmark: _Hlk489901381]	A_EC = RLA_EC – EC_RXLEV_ACCESS_MIN 
[bookmark: _Hlk489901432][bookmark: _Hlk490246913]	to attempt for camping on a cell for the only purpose of maintaining reachability of the mobile station.
--- end of extract ---
It is proposed that the cell reselection in EC Restriction shall be performed by the MS using the changed parameters in above table for each EC-GSM-IoT cell. 
	Proposal 3: The cell reselection towards an EC-GSM-IoT supporting cell for an EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, is adjusted for the parameter A_EC using BT_Threshold_DL, as depicted above. 



b) 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 45.002 is required.
Else, if the MS is not able to select a serving cell, i.e. C1_EC and C1_GC criteria are negative for all cells and the MS is in extended coverage, the MS cannot camp on any cell and hence network connectivity is lost, as the MS cannot perform uplink data transfer neither be paged or indicate routing area updates in extended coverage. 
To mitigate this shortcoming, it is proposed that the MS shall set A_EC = RLA_EC – EC_RXLEV_ACCESS_MIN and repeat the cell reselection procedure for EC-GSM-IoT cells to identify the serving EC-GSM-IoT cell in extended coverage. Following addition is proposed to be inserted immediately after Table 6.4-2 in TS 45.008:
[bookmark: _Hlk489901703]If the mobile station has previously received from the network the RestrictEC status indicating that use of enhanced coverage is restricted (see 3GPP TS 24.008 [46]) and if it is not able to select a serving cell applying the parameters for an EC-GSM-IoT supporting cell as given in Table 6.4-2 for the case that use of enhanced coverage is restricted, the mobile station shall set A_EC according to NOTE 2 of Table 6.4-2 for EC-GSM-IoT supporting cells and re-evaluate the C1_EC criterion for these cells in order to attempt for camping on a suitable EC-GSM-IoT cell, for the only purpose of maintaining reachability of the mobile station.

	[bookmark: _GoBack]Proposal 4: The EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, shall camp on a EC-GSM-IoT supporting cell using the cell reselection parameters for the non-restricted case, if it cannot camp on any cell using the cell reselection parameters for the restricted case, as depicted above. 



Both corrections above are required in TS 45.008 to take into account the impact of EC Restriction on cell reselection.

Impact to DL and UL coverage class selection 
EC Restriction restricts the usage of radio resources for an EC-GSM-IoT capable mobile when receiving such indication during the after Attach or RAU procedure. For a non-EC-GSM-IoT supporting cell, there is no impact. For a EC-GSM-IoT supporting cell, the EC-GSM-IoT capable MS is only allowed to perform UL and DL data transfer using CC1 in this condition, according to proposal 2. 
To this purpose, the addition of the following exception in red font is needed for DL CC selection in sub-clause 6.10.2 of TS 45.008.
Extract from TS 45.008, sub-clause 6.10.2:
[bookmark: _Toc485404586]6.10.2	Downlink coverage class selection
[bookmark: _Hlk489901913]The MS shall select the downlink CC based on either RLA_EC or SLA, as indicated by the DL_CC_Selection parameter sent in EC SI 2 (see 3GPP TS 44.018 [17]), according to table 6.10.2-1 and indicate it to the network in the EC Packet Channel Request message (see 3GPP TS 44.018 [17]). An exception exists in case the MS has previously received from the network the RestrictEC status indicating that use of enhanced coverage is restricted (see 3GPP TS 24.008 [46]), in which the MS shall proceed, as specified in subclause 6.10.3. 

The network shall apply the indicated downlink CC on EC-AGCH. 
Table 6.10.2-1: Downlink CC selection
	Downlink CC
	Upper limit of RLA_EC or SLA
	Lower limit of RLA_EC or SLA

	CC1
	-
	BT_Threshold_DL

	CC2
	BT_Threshold_DL
	BT_Threshold_DL -
CC2_Range_DL

	CC3
	BT_Threshold_DL -
CC2_Range_DL
	BT_Threshold_DL -
CC2_Range_DL -
CC3_Range_DL

	CC4
	BT_Threshold_DL -
CC2_Range_DL -
CC3_Range_DL
	- (see note)

	NOTE:	There is no explicit lower limit for selection of downlink CC4 but the C1 criterion (see subclause 6.4.1) will trigger a cell re-selection if RLA_EC ≤ EC_RXLEV_ACCESS_MIN + Max(MS_TXPWR_MAX_CCH – MSPWR,0), which implicitly sets a lower limit if CC selection is based on RLA_EC.



BT_Threshold_DL indicates the RLA_EC (in dBm) or SLA (in dB) below which blind physical layer transmissions are used on EC-AGCH. CC2_Range_DL and CC3_Range_DL indicate the RLA_EC range (in dB) of downlink CC2 and CC3, respectively.
BT_Threshold_DL and EC_RXLEV_ACCESS_MIN are broadcast in EC SI 2 (see 3GPP TS 44.018 [17]).
CC2_Range_DL and CC3_Range_DL are optionally broadcast in EC SI 2. If either of CC2_Range_DL and CC3_Range_DL is not broadcast, its value shall be set to 0 and the corresponding downlink CC is not supported by the network.
If RLA_EC or SLA (whichever is applicable) is on the limit between two CC, the MS shall select the higher CC.
In case downlink CC1 is selected, the MS shall further indicate in the EC Packet Channel Request message (see 3GPP TS 44.018 [17]) the margin of the measured RLA_EC (or SLA) relative to BT_Threshold_DL. The parameter DL_Signal_Strength_Step_Size  broadcast in EC SI 2 (see 3GPP TS 44.018 [17]) is used to quantize the margin to report in the EC Packet Channel Request message. The maximum margin that can be reported is dependent on the number of Coverage Classes supported in the cell, and whether or not the access is initiated on RACH or EC-RACH, see 3GPP TS 44.018 [17].

NOTE:	When TX diversity (antenna hopping) is active a MS may underestimate RLA_EC. This can be compensated for by the NW in an adjustment of the BT_Threshold_DL.
--- end of extract --
In addition, the following exception in red font is needed for UL CC selection in sub-clause 6.10.3 of TS 45.008.
Extract from TS 45.008, sub-clause 6.10.3:
[bookmark: _Toc485404587]6.10.3	Uplink coverage class selection
The MS shall select the uplink CC to use on (EC-)RACH according to table 6.10.3-1, based on the uplink received signal strength, estimated as

BS_RX_PWR = RLA_EC + min(MSPWR, MS_TXPWR_MAX_CCH) – BSPWR.
MSPWR is the nominal maximum output power of the MS. MS_TXPWR_MAX_CCH is the maximum TX power level an MS is allowed to use when accessing the system. BSPWR is the output power of the BTS used on FCCH and EC-SCH. MS_TXPWR_MAX_CCH and BSPWR are broadcast in EC SI 2 (see 3GPP TS 44.018 [17]). 
[bookmark: _Hlk489902040]An exception exists in case the MS has previously received from the network the RestrictEC status indicating that use of enhanced coverage is restricted (see 3GPP TS 24.008 [46]), in which the MS shall only send the EC Packet Channel Request message, 
· if it has selected CC1 for downlink according to table 6.10.2-1,
· if it indicates CC1 in the EC Packet Channel Request message (see 3GPP TS 44.018 [17]),
· and if it has selected CC1 according to table 6.10.3-1 to use on (EC-)RACH 
and else shall stop the EC packet access procedure, i.e. in case of higher coverage class than CC1 being selected on DL or UL.
Table 6.10.3-1: Uplink CC selection
	Uplink CC
	Upper limit of BS_RX_PWR
	Lower limit of BS_RX_PWR

	1
	-
	BT_Threshold_UL

	2
	BT_Threshold_UL
	BT_Threshold_UL -
CC2_Range_UL

	3
	BT_Threshold_UL -
CC2_Range_UL
	BT_Threshold_UL -
CC2_Range_UL -
CC3_Range_UL

	4
	BT_Threshold_UL -
CC2_Range_UL -
CC3_Range_UL
	BT_Threshold_UL -
CC2_Range_UL -
CC3_Range_UL-
CC4_Range_UL
(see NOTE 1)

	5
	BT_Threshold_UL -
CC2_Range_UL -
CC3_Range_UL-
CC4_Range_UL
	(see NOTE 2)

	NOTE1:	In case CC4_Range_UL is not broadcast, there is no explicit lower limit for selection of uplink CC4 but the C1 criterion (see subclause 6.4.1) will trigger a cell re-selection.
NOTE 2:   	In case CC4_Range_UL is broadcast and the MS supports uplink CC5 (see 3GPP TS 24.008), there is no explicit lower limit for selection of uplink CC5 but the C1 criterion (see subclause 6.4.1) will trigger a cell re-selection. 



BT_Threshold_UL indicates the BS_RX_PWR (in dBm) below which blind physical layer transmissions are used on EC-RACH. CC2_Range_UL, CC3_Range_UL and CC4_Range_UL indicate the BS_RX_PWR range (in dB) of uplink CC2, CC3 and CC4, respectively. BT_Threshold_UL is broadcast in EC SI 2 while CC2_Range_UL, CC3_Range_UL and CC4_Range_UL are optionally broadcast in EC SI 2 (see 3GPP TS 44.018 [17]). If either of CC2_Range_UL and CC3_Range_UL is not present, its value shall be set to 0 and the corresponding uplink CC is not used. If CC4_Range_UL is not present the uplink coverage class CC5 is not used, whilst CC4 shall be considered being supported by the network. If CC4_Range_UL is present and the MS does not support uplink CC5 (see 3GPP TS 24.008), it shall ignore the CC4_Range_UL parameter. If BS_RX_PWR is on the limit between two CC, the MS shall select the higher CC.

NOTE:	The maximum BTS output power (BSPWR), EC_RXLEV_ACCESS_MIN (see table 6.4-2) and MS_TXPWR_MAX_CCH (see table 6.4-2) will together define the lowest signal level possible to estimate on the UL (BS_RX_PWR). Hence, by appropriate settings of BT_Threshold_UL, CC2_Range_UL, CC3_Range_UL and  CC4_Range_UL, the set of uplink Coverage Classes possible to select by the MS can be restricted.
--- end of extract ---
Thus, following proposal is made.

	Proposal 5: The EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, is only allowed to perform the EC packet access procedure, if it has selected CC1 on DL and UL, as depicted above. 



Impact to Routing Area Update procedure
EC Restriction in fact restricts the network connectivity of the MS, in that only CC1 may be used for UL and DL data transfers. According to section 3.1, three cases have to be distinguished as result of the cell reselection process: 
a) The EC-GSM-IoT capable MS camps on a non-EC-GSM-IoT supporting cell
b) The EC-GSM-IoT capable MS camps on an EC-GSM-IoT supporting cell and is in normal coverage using CC1.
c) The EC-GSM-IoT capable MS camps on an EC-GSM-IoT supporting cell and is in extended coverage, thus a higher CC than CC1 (i.e. CC2 or higher) would be required for UL or DL data transfer.
For cases a) and b), the MS has network connectivity, i.e. it can still initiate Routing Area Updates (normal or periodic RAU’s) and inform the network of its current routing area. However, for case c), if the MS is in extended coverage and camps on a EC-GSM-IoT supporting cell, it cannot perform necessary MM procedures, e.g. a normal RAU to inform the network on its current Routing Area to ensure correct paging, since its radio transmission is restricted to CC1 usage, the consequence being that the MS loses network connectivity. 
To overcome this shortcoming, the MS in case c) should be allowed to perform a normal RAU due to change of the Routing Area of the serving cell when EC Restriction is active, as otherwise it would lose network connectivity. It is noted that a stationary MS will most likely not reselect to another cell and hence there is no normal RAU expected during the time of EC Restriction. However, for a moving MS this may appear. In addition, in case the MS has been configured to perform periodic RAU’s, the periodic RAU timer may be set in such way that the MS has to send a RAU when being still in extended coverage. However, the periodic RAU procedure considerably increases the use of network resources both for a stationary and moving MS and thus it is proposed that the MS does not perform any periodic RAU procedure in case c). Hence the specification should provide means to resolve the above indicated issues. To this purpose an addition to the above proposed changes in sub clauses 6.10.2 and 6.10.3 in TS 45.008 is required, that the restriction on the CC selection does not apply in case of a normal Routing Area Update during EC Restriction.
In subclause 6.10.2:
An exception exists in case the MS has previously received from the network the RestrictEC status indicating that use of enhanced coverage is restricted (see 3GPP TS 24.008 [46]) and the RR sublayer of the mobile station has not received an indication from the MM sublayer to perform a normal Routing Area Update, in which the MS shall proceed, as specified in subclause 6.10.3.
In subclause 6.10.3:
An exception exists in case the MS has previously received from the network the RestrictEC status indicating that use of enhanced coverage is restricted (see 3GPP TS 24.008 [46]) and the RR sublayer of the mobile station has not received an indication from the MM sublayer to perform a normal Routing Area Update, in which the MS shall only send the EC Packet Channel Request message, 
· if it has selected CC1 for downlink according to table 6.10.2-1,
· if it indicates CC1 in the EC Packet Channel Request message (see 3GPP TS 44.018 [17]),
· and if it has selected CC1 according to table 6.10.3-1 to use on (EC-)RACH 
and else shall stop the EC packet access procedure, i.e. in case of higher coverage class than CC1 being selected on DL or UL.

A corresponding change in TS 44.018 is required as depicted below in red font.

Extract from TS 44.018, sub-clause 3.3.1.1.2:

[bookmark: _Toc485314566]3.3.1.1.2	Initiation of the immediate assignment procedure
The RR entity of a mobile station, when attempting to establish a CS connection other than for an emergency call or for sending a paging response, and accessing the network when the low priority indicator is set to “MS is configured to NAS signalling low priority” (see 3GPP TS 24.008) shall, while ignoring MS identities included within PAGING REQUEST messages, start listening to the downlink CCCH until successfully decoding one of the RR messages listed in sub-clause 3.3.1.1.1a. If the RR message indicates an implicit reject for the CS domain (see sub-clause 3.3.1.1.1a) the mobile station shall abort the immediate assignment procedure and initiate the Implicit Reject procedure (see sub-clause 3.3.1.1.3.2a).

The RR entity of a mobile station initiates the immediate assignment procedure by scheduling the sending of CHANNEL REQUEST (or EGPRS PACKET CHANNEL REQUEST or EC PACKET CHANNEL REQUEST) messages on the RACH and leaving idle mode (in particular, the mobile station shall ignore PAGING REQUEST messages).

When sending an EC PACKET CHANNEL REQUEST message, an exception exists in case the mobile station has previously received from the network the RestrictEC status indicating that use of enhanced coverage is restricted (see 3GPP TS 24.008 [46]) and the RR sublayer of the mobile station has not received an indication from the MM sublayer to perform a normal Routing Area Update procedure, in which case the mobile shall proceed according to 3GPP TS 45.008 [34]. If the conditions to send an EC PACKET CHANNEL REQUEST message specified in 3GPP TS 45.008 [34] cannot be satisfied, the mobile station shall abort the immediate assignment procedure. 

The mobile station then sends maximally M + 1 CHANNEL REQUEST (or EGPRS PACKET CHANNEL REQUEST or EC PACKET CHANNEL REQUEST) messages on the RACH in a way such that:

-	when requesting resources for a PS connection other than in the case of sending a paging response, the mobile station shall send the first CHANNEL REQUEST (or EGPRS PACKET CHANNEL REQUEST or EC PACKET CHANNEL REQUEST) message in the first available TDMA frame belonging to the mobile station’s RACH. 
-	in all other cases, the number of slots belonging to the mobile station's RACH between initiation of the immediate assignment procedure and the first CHANNEL REQUEST (or EGPRS PACKET CHANNEL REQUEST or EC PACKET CHANNEL REQUEST message) (excluding the slot containing the message itself) is a random value drawn randomly for each new initial assignment initiation with uniform probability distribution in the set {0, 1, ..., max (T,8) ‑ 1};
-	the number of slots belonging to the mobile station's RACH between two successive CHANNEL REQUEST (or EGPRS PACKET CHANNEL REQUEST or EC PACKET CHANNEL REQUEST) messages (excluding the slots containing the messages themselves) is a random value drawn randomly for each new transmission with uniform probability distribution in the set 
{S, S + 1, ..., S + T ‑ 1};
Here, T is the value of the parameter "Tx-integer" broadcast on the BCCH;
M is the value of the parameter "max retrans" broadcast on the BCCH;
S is a parameter depending on the CCCH configuration and on the value of Tx-integer as defined in table 3.3.1.1.2.1.
The CHANNEL REQUEST messages are sent on the RACH (cf. sub-clause 1.5) and contain as parameters:
-	an establishment cause which corresponds to the establishment cause given by the MM sublayer and the broadcast NECI value, or which corresponds to one of the establishment causes "answer to paging" given by the RR entity in response to a PAGING REQUEST message including the Channel Needed information, or which corresponds to one of the establishment causes " procedures that can be completed with a SDCCH" given by the RR entity in order to initiate a notification response procedure or a priority uplink request procedure;
-	a random reference which is drawn randomly from a uniform probability distribution for every new transmission.
After sending the first CHANNEL REQUEST message, the mobile station shall start listening to the BCCH; it shall also listen to the full downlink CCCH timeslot corresponding to its CCCH group.
A mobile station that has initiated the immediate assignment procedure other than for an emergency call or for sending a paging response, and that is accessing the network when the low priority indicator is set to “MS is configured to NAS signalling low priority” (see 3GPP TS 24.008), and has sent one or more CHANNEL REQUEST messages shall proceed as follows:
-	If the mobile station receives an IMMEDIATE ASSIGNMENT, an IMMEDIATE ASSIGNMENT EXTENDED or an IMMEDIATE ASSIGNMENT REJECT message corresponding to one of its last 3 transmitted CHANNEL REQUEST messages it shall act on that message as described in sub-clause 3.3.1.1.3.
-	If the mobile station succesfully decodes an RR message, which is not a response corresponding to one of its last 3 transmitted CHANNEL REQUEST, that indicates an implicit reject for the CS domain (see sub-clause 3.3.1.1.1a) it shall start timer T3126 (if not already running) and initiate the implicit reject procedure as described in sub-clause 3.3.1.1.3.2a.
Having sent M + 1 CHANNEL REQUEST messages, the RR entity of the mobile station starts timer T3126. At expiry of timer T3126, the immediate assignment procedure is aborted; if the immediate assignment procedure was triggered by a request from the MM sublayer, a random access failure is indicated to the MM sublayer.

Table 3.3.1.1.2.1: Values of parameter S
	TX-integer
	non combined CCCH
	combined CCH/SDCCH

	3,8,14,50
	55
	41

	4,9,16
	76
	52

	5,10,20
	109
	58

	6,11,25
	163
	86

	7,12,32
	217
	115



--- end of extract ---

Following proposal is made.

	Proposal 6: The EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, is allowed to use a higher CC in the EC packet access procedure, if a normal RAU procedure needs to be performed, as depicted above. 



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.
  
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. It is proposed that this signalling procedure is not executed for the EC Restriction condition as it would yield an increase of network resources in a similar way as for the periodic RAU, which is not acceptable.
Thus, the following small change is needed in sub-clause 6.10.5 of 45.008: 
Extract from TS 45.008, sub-clause 6.10.5:
[bookmark: _Toc485404589][bookmark: _Hlk489901857]6.10.5	Downlink coverage class update
For the purpose of paging block monitoring on EC-PCH, the MS shall keep the network informed about the selected downlink CC (see subclause 6.10.2) except when it has previously received from the network the RestrictEC status indicating that use of enhanced coverage is restricted (see 3GPP TS 24.008 [46]). The MS shall indicate the selected downlink CC using the Selected DL Coverage Class field in the EC Packet Channel Request message. This shall be done in advance of the next occurrence of the paging group of the MS, and at least if any of the following conditions are fulfilled:
-	the selected downlink CC is higher than the last downlink CC communicated to the network;
-	the selected downlink CC is CC1 and the last downlink CC communicated to the network is CC4; or
-	the MS has completed an uplink data transfer in a cell not supporting EC-GSM-IoT since the last time it communicated a downlink CC to the network.
A downlink CC is considered to be communicated to the network at successful contention resolution (see 3GPP TS 44.018) following a system access triggered by an EC PACKET CHANNEL REQUEST. The communicated downlink CC is the ‘Used DL Coverage Class’ if the EC IMMEDIATE ASSIGNMENT type 2 message is used, or, is CC1 if the EC IMMEDIATE ASSIGNMENT type 1 is used.
The network shall apply the indicated downlink CC on EC-PCH messages sent to that MS.

--- end of extract ---
Following proposal is made.

	Proposal 7: The EC-GSM-IoT capable MS, which has received an EC Restriction indication from the network, is not allowed to perform the DL CC update procedure, as depicted above. 




Impact to Paging procedure
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 (CC2 and higher). Thus in case of paging requests, the network may only send them in CC1 to that MS, whilst in case the MS is in extended coverage and a higher CC being required, the MS cannot be paged. However, in case the network decides to re-authorize that MS for enhanced coverage, the MS being in extended coverage would need to be power cycled to enable its support for enhanced coverage after performing the Attach procedure, which is not possible for stationary and battery driven IoT devices, where reauthorization of enhanced coverage requires human interaction. On the other side, Downlink CC information received at the SGSN during the normal RAU procedure can be used to ensure robust paging of such IoT device in extended 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. 
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 supports the restricted use of enhanced coverage (see 3GPP TS 24.008 [79]), receives a paging request message in (E)GPRS operation or EC operation, that indicates that the restricted use of enhanced coverage is removed and which is sent using (E)GPRS in non-EC-GSM-IoT supporting cells, and CC1 or a higher CC in EC-GSM-IoT supporting cells. 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].
--- 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 ---
Following proposal is made.

	Proposal 8: The EC-GSM-IoT capable MS, which has previously received an EC Restriction indication from the network, is monitoring its paging channel for the purpose of DL data transfer when in normal coverage (CC1 must be selected for DL and UL) and for receiving the EC Restriction removal indication when in normal or extended coverage, as depicted above. 



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 and 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.




[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 is not removed 

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



Following proposal is made.

	Proposal 9: The SGSN sends the EC Restriction removal indication for a EC-GSM-IoT capable MS in normal or extended coverage, as part of the PAGING-PS PDU to the BSS after checking received status information from HSS/HLR, as depicted above. 



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, routing area update, DL coverage class update and paging procedures were identified, that need to be considered in order to avoid network connectivity issues for the considered MS. 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 company proposes to agree the above depicted changes based on nine 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 [6], [7], [8] and [9].
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