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On the Usage of PEO BCCH CHANGE MARK and RCC  
1. introduction

The PEO feature was introduced to Rel-13 specifications and is part of the GERAN Rel-14 specifications. This paper discusses specification impacts for a scenario when Rel-13 features are enabled and then disabled by the network. The sourcing company believes that this scenario is currently not taken into account in the specifications and BSS/MS behaviour needs to be added. In particular, the present specified BSS/MS behaviour in TS 44.018 [1] may result in a situation yielding an interoperability issue. 
2. REFERRED scenario
The scenario is when an operator deactivates Rel-13 features, while MS in PEO are listening to BCCH and CCCH. RR messages on BCCH (i.e. in SI 13 indicating PEO support and parameters through PEO_DSC, PEO BCCH CHANGE MARK and RCC) and on CCCH in rest octets of paging requests and immediate assignment messages (i.e. IMMEDIATE ASSIGNMENT, IMMEDIATE ASSIGNMENT REJECT, IMMEDIATE ASSIGNMENT EXTENDED, IMMEDIATE PACKET ASSIGNMENT, PAGING REQUEST TYPE 1 PAGING REQUEST TYPE 2 and PAGING REQUEST TYPE 3). 
In particular, BSIC and RCC are evaluated by the MS in PEO prior to receiving pages or starting the packet access. In a scenario where the operator disables the PEO feature due to any reason, there is no need to send the two information elements PEO BCCH CHANGE MARK and RCC on the CCCH. TS 44.018 however requires the network to continue sending these 5 bits for the maximum eDRX cycle, which may last 52 minutes, effectively postponing the deactivation of the PEO feature until all MS in PEO have been enforced to reread system information by indication via the PEO BCCH CHANGE MARK. This is not believed to support viable system operation.
3. CURRENT NETWORK AND MS behaviour in TS 44.018

Following sub-clauses in TS 44.018 specify the network behaviour on BCCH/CCCH for enabled PEO and MS behaviour in PEO when reading CCCH. The highlighted paragraphs below refer to BSS and MS behaviour.
3.1 Sub-clause 3.9.1 (General)
Extract from TS 44.018, Sub-clause 3.9.1: 
Power Efficient Operation (PEO) is an optional feature used by a MS in a cell that supports PEO to reduce its power consumption through the use of relaxed mobility related requirements (see 3GPP TS 43.064 [109]) and a power saving feature while in idle mode. The power saving feature consists of either extended DRX (eDRX – see 3GPP TS 45.002 [32]) or Power Saving Mode (PSM – see 3GPP TS 23.060 [74]), and a PEO capable mobile station shall support at least one. A cell indicates its support of PEO by including the PEO_DSC field in the SI13 Rest Octets IE. 

3.2 Sub-clause 3.5.1.1 (Packet paging initiation by the network) 
This sub-clause deals with PEO as follows, which infers that MS has to read a RR message and then use the decoded 6 bit BSIC from SCH along with RCC to get the 9 bit BSIC.
Extract from TS 44.018, Sub-clause 3.5.1.1: 

The network initiates the paging procedure by sending a paging request message on an appropriate paging subchannel on CCCH or PCCCH. Paging initiation using a paging subchannel on CCCH is used when sending paging information to a mobile station and PCCCH is not present in the cell.

NOTE 1:
There are three types of paging request messages that are applicable:

-
PAGING REQUEST TYPE 1;

-
PAGING REQUEST TYPE 2; and

-
PAGING REQUEST TYPE 3.

…

A PAGING REQUEST message may include more than one mobile station identification.

….

A PEO capable mobile station that has enabled eDRX wakes up to read a nominal paging group according to its negotiated eDRX as long as it remains in the same Routing Area it was in when it performed NAS signalling to enable eDRX regardless of whether or not PEO is enabled (see sub-clause 3.9.1). 

An MS that has enabled PEO and is using eDRX shall ignore the “Paging reorganization” condition indicated by the page mode information element if received in any message (i.e. this condition targets mobile stations not using eDRX).  

If PEO is enabled by a mobile station, after reading the message sent within its nominal paging group it shall use the RCC field in the message and the 6 bit BSIC field in the most recently read SCH to establish a BSIC (see 3GPP TS 45.008). If the BSIC does not match the BSIC value decoded upon first entering the serving cell (see 3GPP TS 45.008) it shall abort the packet paging procedure and attempt cell re-selection.
The highlighted paragraphs infer that PEO BCCH CHANGE MARK reading is mandatory even if the PEO feature gets disabled by the network at a certain point in time. 
3.3 Sub-clause 3.5.2.1.2 (Initiation of the packet access procedure)
This sub-clause deals with an PEO and EC-GSM-IoT device, performing the packet channel access. To this purpose the MS has to read an RR message and then use the decoded 6 bit BSIC from SCH along with RCC to get the 9 bit BSIC.
Extract from TS 44.018, Sub-clause 3.5.2.1.2: 

A mobile station accessing the network when the low priority indicator is set to “MS is configured to NAS signalling low priority” (see 3GPP TS 24.008), when attempting to establish a PS connection, 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. A MS that has enabled PEO shall read the PEO_BCCH_CHANGE_MARK field and the RCC field within the successfully decoded RR message. It shall use the 6 bit BSIC from the most recently read SCH and the RCC field from the decoded RR message to establish a BSIC (see 3GPP TS 45.008).  If the BSIC does not match the BSIC value decoded upon first entering the serving cell (see 3GPP TS 45.008) it shall abort the packet access procedure and attempt cell re-selection.   If a change of PEO BCCH CHANGE MARK is detected it shall first read SI13 before proceeding with the packet access procedure. If the RR message indicates an implicit reject for the PS domain (see sub-clause 3.3.1.1.1a) the mobile station shall abort the packet access procedure and initiate the implicit reject procedure (see sub-clause 3.3.1.1.3.2a). An exception case is where the mobile station has enabled EC operation and is sending an EC PACKET CHANNEL REQUEST message using the RACH (the RACH Access Control field indicates that RACH usage on timeslot number 0  is allowed, see sub-clause 3.5.2a) in which case it proceeds with the packet access without first decoding one of the RR messages listed in sub-clause 3.3.1.1.1a and checking the status of the PEO_BCCH_CHANGE_MARK field or implicit reject information sent therein.
The highlighted paragraphs infer that PEO BCCH CHANGE MARK reading is mandatory even if the PEO feature gets disabled by the network at a certain point in time. 
3.4 Sub-clause 9.1.23 (Paging request type 2)

Extract from TS 44.018, Sub-clause 9.1.23: 

Table 9.1.23.1: PAGING REQUEST TYPE 2 message content

	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	L2 Pseudo Length
	L2 Pseudo Length
10.5.2.19
	M
	V
	 1

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	Paging Request Type 2 Message Type
	Message Type
10.4
	M
	V
	1

	
	Page Mode
	Page Mode
10.5.2.26
	M
	V
	1/2

	
	Channels Needed for Mobiles 1 and 2
	Channel Needed
10.5.2.8
	M
	V
	1/2

	
	Mobile Identity 1
	TMSI/P-TMSI
10.5.2.42
	M
	V
	4

	
	Mobile Identity 2
	TMSI/P-TMSI
10.5.2.42
	M
	V
	4

	17
	Mobile Identity 3
	Mobile Identity
10.5.1.4
	O
	TLV
	3-10

	
	P2 Rest Octets
	P2 Rest Octets
10.5.2.24
	M
	V
	1-11


In addition, this sub-clause related to the PAGING REQUEST 2 message specifies the mandatory presence of the P2 Rest Octets. 
3.5 Sub-clause 10.5.2.24 (P2 Rest Octets)

Extract from TS 44.018, Sub-clause 10.5.2.24: 

The P2 Rest Octets information element is a type 5 information element with 1-11 octets length.
	{
<P2 Rest Octets> ::=


{L I H <CN3: bit (2)>}


{L I H <NLN(PCH) : bit (2)> <NLN status(PCH) : bit>}


{L I H <Priority1 ::= Priority>}


{L I H <Priority2 ::= Priority>}


{L I H <Priority3 ::= Priority>}


< Packet Page Indication 3 : {L | H} >


{ null
| L



-- Receiver compatible with earlier release




| H
 


-- Additions in Release 6 :





{ 0
I 1
-- MBMS parameters included






{
0

-- MBMS pre-notification






I 1

-- MBMS notification







<MBMS Notification 3 : < MBMS Channel Parameters IE > > }






{ 0 | 1 < MBMS Information > }





}


}


{ null
| L



-- Receiver compatible with earlier release




| H



-- Additions in Release 10





< Implicit Reject CS : bit >





< Implicit Reject PS : bit >


} 


{
null

| L



-- Receiver compatible with earlier release



| H





-- Additions in Release 11




< IPA Support : bit >


} 


{
null

| L



-- Receiver compatible with earlier release



| H





-- Additions in Release 13




< PEO_BCCH_CHANGE_MARK : bit (2) >




< RCC : bit (3) >

}  


{
null

| L



-- Receiver compatible with earlier release



| H





-- Additions in Release 14




< Positioning Event Pending Indicator : bit (3) >


} 

} //
-- truncation according to sub-clause 8.9 is allowed, bits 'L' assumed
<Priority> ::= <bit(3)>;

<MBMS Information> ::=


-- Pre-notifications


< MBMS Sessions List : < MBMS Sessions List IE > >


-- Notifications: listed per MBMS Channel Parameters


-- 1) Notifications with same MBMS Channel Parameters as in Notification 3


{
0
-- None


| 1
-- Same MBMS Channel Parameters as Notification 3




< MBMS Sessions List : < MBMS Sessions List IE > > }


-- 2) Notifications with specific MBMS Channels Parameters 

{ 
1
< MBMS Channel Parameters : < MBMS Channel Parameters IE > >



< MBMS Sessions List : < MBMS Sessions List IE > > } ** 0 ;




This sub-clause states that the two information elements PEO BCCH CHANGE MARK and RCC are only part of P2 Rest Octets for a network supporting Rel-13 or higher releases. 

3.6 Sub clause  9.1.18 (Immediate Assignment)

Extract from TS 44.018, Sub-clause 9.1.18: 

Table 9.1.18.1: IMMEDIATE ASSIGNMENT message content

	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	L2 Pseudo Length
	L2 Pseudo Length
10.5.2.19
	M
	V
	 1

	
	RR management Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	1/2

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	1/2

	
	Immediate Assignment Message Type
	Message Type
10.4
	M
	V
	1

	
	Page Mode
	Page Mode
10.5.2.26
	M
	V
	1/2

	
	Dedicated mode or TBF
	Dedicated mode or TBF
10.5.2.25b
	M
	V
	1/2

	
	Channel Description
	Channel Description
10.5.2.5
	C
	V
	3

	
	Packet Channel Description
	Packet Channel Description
10.5.2.25a
	C
	V
	3

	
	Request Reference
	Request Reference
10.5.2.30
	M
	V
	3

	
	Timing Advance
	Timing Advance
10.5.2.40
	M
	V
	1

	
	Mobile Allocation
	Mobile Allocation
10.5.2.21
	M
	LV
	1-9

	7C
	Starting Time
	Starting Time
10.5.2.38
	O
	TV
	3

	
	IA Rest Octets
	IA Rest Octets
10.5.2.16
	M
	V
	0-11

	6D
	Extended TSC Set
	Extended TSC Set 10.5.2.82
	O
	TV
	2


3.7 Sub clause 10.5.2.16 (IA Rest Octets)

	<IA Rest Octets> ::=


{ 
LL
< Compressed_Inter_RAT_HO_INFO_IND >





{
null

| L

-- Receiver compatible with earlier release





| H 



-- Additions in Release 13






< Implicit Reject PS : bit >






< PEO_BCCH_CHANGE_MARK : bit (2) >







< RCC : bit (3) >





}


| LH





{
00

< EGPRS Packet Uplink Assignment >






| 01
< Multiple Blocks Packet Downlink Assignment >






| 1

-- reserved for future use (however the value 7C for the first octet shall not be used)





}





{
null

| L

-- Receiver compatible with earlier release





| H 



-- Additions in Release 13






< Implicit Reject PS : bit >






< PEO_BCCH_CHANGE_MARK : bit (2) >






< RCC : bit (3) >




}


| HL
< Length of frequency parameters : bit string (6) >





< Frequency Parameters, before time >





< Compressed_Inter_RAT_HO_INFO_IND >





{
null

| L

-- Receiver compatible with earlier release





| H 



-- Additions in Release 13






< Implicit Reject PS : bit >






< PEO_BCCH_CHANGE_MARK : bit (2) >






< RCC : bit (3) >




}


| HH
{
00
< Packet Uplink Assignment >






| 01
< Packet Downlink Assignment >






| 1

< Second Part Packet Assignment > 





}





{
null

| L

-- Receiver compatible with earlier release





| H 



-- Additions in Release 10






< Implicit Reject CS : bit >






< Implicit Reject PS : bit >




}





{
null

| L

-- Receiver compatible with earlier release





| H 



-- Additions in Release 13






< PEO_BCCH_CHANGE_MARK : bit (2) >






< RCC : bit (3) >




}

}


<spare padding>;




3.8 Summary of MS behaviour

TS 44.018 specifies following behaviour for an MS in PEO with negotiated eDRX value coming out of its sleep mode: 

1. Decode RR message (in this case paging request type 2) 
2. Use RCC (3 bits) along with 6 bit BSIC from last read SCH to form 9 bit BSIC.

3a.
If the read combination of 6 bit BSIC (from SCH) and 3 bit RCC does not match to the value of the same combination that the MS has stored, the MS will go ahead with cell reselection.

3b. 
If the 9 bit BSIC matches, the MS looks for the PEO BCCH CHANGE MARK to determine if there is any need to read SI messages.
However, in a scenario where the operator has disabled Rel-13 feature set due to any reason, there is no need to send these two information elements (PEO BCCH CHANGE MARK and RCC) in the RR message on CCCH as outlined in section 2.
4. possible SOLUTIONS
· To handle the above scenario (depicted in section 2) and add more clarity in the specification, a small correction is needed in TS 44.018 (Rel-13 and Rel-14) to treat this case. 
· In this case the network applies the Rel-12 protocol stack, removes the PEO_DSC IE in SI13 and does not send the PEO change mark IE and the RCC IE in RR messages on CCCH. 
· For a MS in PEO operation, that is monitoring CCCH (i.e. paging rest octets, IA rest octets) both PEO change mark IE and RCC IE cannot be identified and thus they should act as in the case of BSIC mismatch:  first trigger cell reselection and then read the required set of SI messages. 
· In this respect, it is proposed to have changes to sub-clauses 3.5.1.1, 3.5.2.1.2, and 3.9.4 of TS 44.018. For example, it is proposed following change to section 3.5.1.1:
If PEO is enabled by a mobile station, after reading the message sent within its nominal paging group it shall use the RCC field in the message and the 6 bit BSIC field in the most recently read SCH to establish a BSIC (see 3GPP TS 45.008). If the BSIC does not match the BSIC value decoded upon first entering the serving cell (see 3GPP TS 45.008) or if the RCC and PEO_BCCH_CHANGE_MARK fields are not included in the message it shall abort the packet paging procedure and attempt cell re-selection.  

5. summary 

It is proposed to change the MS behaviour when in PEO to take into account the case that the Rel-13 features are disabled by the network. To this purpose changes to TS 44.018 are required to correct sub-clauses related to packet paging and packet access procedures for handling the absence of PEO related information elements in RR messages, i.e.  PEO BCCH CHANGE MARK and RCC. Related CRs [2], [3] are presented to this meeting.
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