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1 Introduction
During last RAN2 meetings, the system information (SI) update mechanism has been discussed. After the RAN2#76bis meeting it was agreed to continue the SI update discussion over email. During the email discussion it has been evident that more discussion on the details will be needed.
In this contribution, we discuss different alternatives to update the EAB information in LTE.
2 Discussion
2.1 EAB info update procedure for LTE

In the email discussion, three options for EAB info update have been identified:

a) Not subject to SI modification period +immediately acquire the EAB info upon the reception of EAB info update indication in paging ( ETWS-like)
b) Not subject to SI modification period + always mandate acquiring the EAB info before access
c)  Not subject to SI modification period  +  notification of EAB info update in paging (‘ETWS-like’) + re-acquisition of the EAB info before access only when one or more EAB info update indications have been received.
2.1.1 Comparison of schemes

The three options described above all have aspects that make them better than the other schemes, and on the other hand, drawbacks that make them less inviting. In the following we try to summarize the pros and cons of the three different options from different perspectives.
Fast starting of barring

With scheme a), the barring takes effect gradually, as UEs are informed through paging about turning EAB on. For some UEs with bad link conditions, it may take up to a few paging cycles, before they have received information on the turning on of the EAB feature. For some UEs, the barring information arrives at the first transmission of the changed EAB SIB.

In scheme b), the barring takes effect immediately, as the UEs are required to acquire the latest EAB information prior to access. On the other hand, UEs are forced to always wait for the latest EAB SIB before accessing, which in turn always causes concentration of accesses to either SIB1 when EAB is not broadcasted, or to the EAB SIB when broadcasted. For example, if the EAB SIB is scheduled every 360 ms, the access attempts on RACH for EAB UEs are highly concentrated. 
Scheme c) is a combination of the two above. Here the UE is required to acquire the latest EAB information prior to access only if the UE has been recently paged about a change in EAB information. Starting of barring with this scheme is slightly quicker than with scheme 1 because the UE is practically barred from the time when it receives paging message until the scheduling of EAB SIB. On the other hand, combining SI update procedures and RRC connection set-up procedures may increase UE complexity, and will require UEs to check EAB info always before access when paged, which concentrates accesses, even if the new barring info does not affect them.
Alleviation of barring

In scheme a), the alleviation of barring happens gradually as the UEs are paged at different paging occasions. However, the alleviation is expected to cause concentration of accesses after each transmission of the EAB SIB. Some spreading will naturally happen between the repetitions of the SIB due to link characteristics; however, still a significant number of UEs may be expected to initiate access directly after receiving the first transmission of the EAB SIB. The access concentration may be alleviated by the network implementation, if the network spreads the paging notifications in time. In such approach, the network pages UEs only in the subset of paging occasions per paging cycle, thus reducing the concentration at the alleviation phase.
In scheme b), concentration of accesses will happen since UEs will wait to read the latest EAB information before attempting access. The severity of concentration depends on the mechanism how the UE finds out that the EAB SIB has changed and triggers higher layers to try the connection attempt again. In the worst case, the access concentration is similar to the normal system information update procedure, where all unbarred UEs perform an access attempt at the same time, thus causing very high load on RACH. Furthermore, in scheme b), concentration will happen also when EAB is not used or not even deployed, since UEs will need to check the presence of EAB information from SIB1. In addition, access delay is increased also in normal situations when EAB is not used.
In the combination scheme c), the alleviation happens in the same manner as in scheme a).
PDCCH load
PDCCH may well be the bottleneck of the system in an overload situation, especially when several new RRC connections are being opened simultaneously all requiring rather robust Control Channel Element (CCE) allocations on PDCCH for a period of time in order to ensure the important connection set-up messages to be delivered timely.

Option a) causes rather high PDCCH load, as paging indications are required to inform UEs about any change in EAB information. Depending on the paging cycle, the paging load ranges from 1 to 4 subframes being paged in a radio frame, thus causing at worst an additional 4 DL assignments to be scheduled on PDCCH within a 10 ms radio frame. 

Option b) does not cause additional PDCCH load, since no paging is required. 

Option c) is again similar to option a) in this respect, i.e., the load on PDCCH is the same as for option a).

UE battery saving aspects
In options a) and c), the UE may go to sleep in between paging occasions, if the paging message does not indicate a change in the EAB that the UE should read. However, the UE will need to read the EAB SIB even when information regarding other access classes or PLMNs only is changed. Frequent updates of EAB SIB may be expected if the overload control mechanism, for example, allows only one class at a time to access before alleviating the barring all together.
With option b), estimating energy consumption is more difficult. If the UE wants to access as soon as possible, it may need to wake up to read all instances of the EAB information in order to keep track of when the EAB information is changed and barring is alleviated for this particular UE access class and PLMN. In this case, the UE wastes battery resources. Energy consumption could be reduced by reading EAB information more rarely. However, this then increases access latencies. It should be noted that option b) increases energy consumption slightly also in the case when EAB is not used at all because the UE needs to read SIB1 always before access to find out if EAB SIB is present.
Impact on H2H users

Options a) and c) cause impacts on H2H users by reserving PDCCH resources to paging when EAB is taken into use and the content is updated. 

On the other hand, option b) always causes access peaks after SIB1 or EAB SIB, which may make the RACH channel congested at those times. 
Impact on normal MTC operation  

If option b) is used, the MTC UE may not access the network before it has checked the presence of EAB SIB from the MIB, and if EAB SIB is present, also the content of the EAB SIB for possible barring. This increases access delay.
	
	Option a
	Option b
	Option c

	Starting of barring
	Barring is enabled when paged and EAB SIB read
	Barring starts immediately
	Barring starts immediately when paged

	Alleviation of barring
	Accesses concentrate to EAB SIB transmissions. 
	Accesses concentrate to EAB SIB transmissions. A case where all UEs access at the same time is possible
	Accesses concentrate to EAB SIB transmissions always when paging indications are being sent for EAB

	PDCCH load
	Paging indications consume PDCCH
	No additional PDCCH load
	Paging indications consume PDCCH

	UE battery saving aspects
	UE needs to always read EAB info when change is indicated (even when not accessing)
	When barred: UE reads EAB info all the time 
When not barred: UE reads EAB info always when accessing, even when not paged
	UE reads EAB info only if accessing and change has been indicated since last read

	Impact on H2H users
	Paging load on PDCCH
	Accesses concentrate to SIB1 transmissions when EAB is not used.
	Paging load on PDCCH

	Impact on normal MTC operation
	
	Accesses concentrate to SIB1 transmissions when EAB is not used.
If EAB SIB scheduled, the UE needs to read it even if not relevant for it
	


Proposal 1 Select option c), i.e., a paging indication based solution for SI update procedure in LTE.

2.2 Where to provide the EAB info in LTE
The location of the EAB info in the SI has been discussed in several previous meetings. The recent email discussion centered around the two following proposals:

1. Existing SIB

2. New SIB

In the following, we compare the two options in different respects. 

Starting and alleviating of barring
With option 1, the barring may be started whenever the chosen existing SIB is transmitted. The start of barring is thus tied to the periodicity and repetitions of the existing SIB, which is known by the UE. 

With a new SIB, option 2, the new SIB needs to be added to the SIB scheduling in order to inform UEs about where to look for it. Thus, the starting of barring is tied to the occurrence of SIB1 and the delay from the SIB1 reading to the first transmission of the new SIB.

With option 1, the EAB SIB occurrences will be tied to the existing SIB. For example, the periodicity and repetitions of the existing SIB will be used. If shorter or longer period is desired, the whole content of the SIB needs to be considered.

With option 2, there is more flexibility, since the periodicity and repetitions may be chosen so that they are optimal for the EAB usage. 

PDCCH load

Using and existing SIB, option 1, does not cause any more PDCCH load, since the existing information on the SIB would anyway be broadcasted.

With option 2, the PDCCH load might increases slightly as a new DL assignment on the PDCCH might be needed to schedule the new SIB. Increase in PDCCH load may be avoided if existing SIBs are broadcasted in the same System Information message.

Impacts on SIB scheduling 

Using an existing SIB will be cheaper from SIB1 point of view, since no new SIB scheduling information needs to be added. 
Using a new SIB costs in SIB1, as new scheduling information for the EAB SIB needs to be added. 
Having new SIB provides more flexibility to schedule existing SIBs and a new SIB with different periodities.
SI update

The SI update procedure needs to be carefully considered. It is unclear if an existing SIB that is already subject to the normal update procedure could also be subject to a new update procedure only related to part of the information. Or may normal updates be omitted if only EAB information is changed?

SI update procedure for the new SIB may be freely specified to differ from what is used for the existing SIB.

H2H UEs

Using an existing SIB causes overhead to normal UEs, since they will, also, read all the EAB info along with the other content of the existing SIB. When a new SIB is used, the normal H2H UEs do not read this SIB.
	
	Existing SIB
	New SIB

	Starting and alleviation of barring
	Barring may be started at the next transmission of the existing SIB.
Periodicity of the existing SIB needs to be chosen to suit the content of the whole SIB
	Barring may be started at the next transmission of SIB1 indicating where new SIB may be found
Periodicity may be chosen freely to best suit the overload situation.

	PDCCH load
	No extra PDCCH load
	Extra PDCCH load if new system information message will need to be scheduled

	SIB scheduling 
	Existing SIB will be larger in size

	New SIB needs to be scheduled as part of an existing SI message or as a new SI message
Some overhead from scheduling info

	SI update
	Existing SIB is already subject to an update mechanism; need to make it subject to two different update mechanisms?
	SI update mechanism can be freely chosen for a new SIB.

	H2H UEs
	All UEs will read EAB info when present
	Only MTC UEs read new SIB


Proposal 2 Select to use a new SIB for LTE.
3 Realization of paging indication with new SIB

In the Annex, we outline what changes are needed in [1] to realize the combination of the SI update procedure according to option c) and using a new SIB. 
4 Conclusions

In this paper, we discussed the SI update mechanism and the location of the EAB information in the SI for LTE. After comparing the two approaches, we propose that RAN2 agrees to:

Proposal 1
Select option c), i.e., a paging indication based solution for SI update procedure in LTE.
Proposal 2
Select to use a new SIB for LTE.
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Text omitted
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5.2.1.3
System information validity and notification of changes

Change of system information (other than for ETWS, CMAS and EAB) only occurs at specific radio frames, i.e. the concept of a modification period is used. System information may be transmitted a number of times with the same content within a modification period, as defined by its scheduling. The modification period boundaries are defined by SFN values for which SFN mod m= 0, where m is the number of radio frames comprising the modification period. The modification period is configured by system information.

---

Text omitted

---

5.2.1.6
Indication of EAB notification

EAB notification can occur at any point in time. The Paging message is used to inform UEs configured for EAB in RRC_IDLE about presence and/or change in the content of the EAB information. If the UE receives a Paging  message including the eab-notification, it shall read the EAB information according to schedulingInfoList contained in SystemInformationBlockType1 before establishing an RRC connection being subject to EAB indicated by higher layers. EAB information is contained in SystemInformationBlockType14.
---

Text omitted

---

5.3.2.3
Reception of the Paging message by the UE

Upon receiving the Paging message, the UE shall:

1>
if in RRC_IDLE, for each of the PagingRecord, if any, included in the Paging message:

2>
if the ue-Identity included in the PagingRecord matches one of the UE identities allocated by upper layers:

3>
forward the ue-Identity and the cn-Domain to the upper layers;

1>
if the systemInfoModification is included:

2> re-acquire the required system information using the system information acquisition procedure as specified in 5.2.2.

1>
if the etws-Indication is included and the UE is ETWS capable:

2>
re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification period boundary;

2>
if the schedulingInfoList indicates that SystemInformationBlockType10 is present:

3>
acquire SystemInformationBlockType10;

2> if the schedulingInfoList indicates that SystemInformationBlockType11 is present:

3>
acquire SystemInformationBlockType11;

1>
if the cmas-Indication is included and the UE is CMAS capable:

2>
re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification period boundary as specified in 5.2.1.5;

2>
if the schedulingInfoList indicates that SystemInformationBlockType12 is present:

3>
acquire SystemInformationBlockType12;
1>
if the eab-Indication is included and the UE is configured for EAB:

2>
re-acquire SystemInformationBlockType1 before establishing RRC connection subject to EAB;

2>
if the schedulingInfoList indicates that SystemInformationBlockType14 is present:

3>
acquire SystemInformationBlockType14;
2> else if the previous RRC connection establishment was barred by EAB

3> consider the barring as ended and inform higher layers
---

Text omitted

---

---

–
Paging
The Paging message is used for the notification of one or more UEs.

Signalling radio bearer: N/A

RLC-SAP: TM

Logical channel: PCCH

Direction: E‑UTRAN to UE

Paging message
-- ASN1START

Paging ::=




SEQUENCE {


pagingRecordList



PagingRecordList 




OPTIONAL,
-- Need ON


systemInfoModification


ENUMERATED {true}




OPTIONAL,
-- Need ON


etws-Indication




ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



Paging-v890-IEs





OPTIONAL

}

Paging-v890-IEs ::=


SEQUENCE {


lateNonCriticalExtension

OCTET STRING






OPTIONAL,
-- Need OP


nonCriticalExtension


Paging-v920-IEs






OPTIONAL

}

Paging-v920-IEs ::=


SEQUENCE {


cmas-Indication-r9



ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



SEQUENCE {}






OPTIONAL
-- Need OP

}
Paging-v110-IEs ::=


SEQUENCE {


eab-Indication-r11




ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



SEQUENCE {}






OPTIONAL
-- Need OP

}

PagingRecordList ::=



SEQUENCE (SIZE (1..maxPageRec)) OF PagingRecord

PagingRecord ::=




SEQUENCE {


ue-Identity






PagingUE-Identity,


cn-Domain






ENUMERATED
{ps, cs},


...

}

PagingUE-Identity ::=



CHOICE {


s-TMSI







S-TMSI,


imsi







IMSI,


...

}

IMSI ::=






SEQUENCE (SIZE (6..21)) OF IMSI-Digit

IMSI-Digit ::=





INTEGER (0..9)

-- ASN1STOP

	Paging field descriptions

	cmas-Indication

If present: indication of a CMAS notification.

	cn-Domain

Indicates the origin of paging.

	eab-indication

If present: indication of a change in the EAB information.

	etws-Indication

If present: indication of an ETWS primary notification and/ or ETWS secondary notification.

	imsi

The International Mobile Subscriber Identity, a globally unique permanent subscriber identity, see TS 23.003 [27]. The first element contains the first IMSI digit, the second element contains the second IMSI digit and so on.

	systemInfoModification

If present: indication of a BCCH modification other than SIB10, SIB11 and SIB12.

	ue-Identity

Provides the NAS identity of the UE that is being paged.


---

Text omitted

---
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