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1 Introduction

In last Valencia meeting, RAN2 has discussed how to inform UE about SI modification, two main options seem dedicated signaling [3] or enhanced paging [1]. There is no agreement because some really concerned aspects should be further discussed. In this contribution we give some further analysis on several possible solutions, and give some comparison on some aspects in table 1 of section 2.3.
2 Discussion
2.1 Some considerations
· latency

Because LTE R8 UE could work well in the solution of paging / SIB1 SI update, so the same latency of SI update for LTE-A UE also could be acceptable. And there is company point out that the IDLE mode approach would take something like 320ms -> 1s for IDLE mode UE receiving the SI. It should be possible to provide the connected mode UE with that information during the same time. 

From another point of view, the only enhanced paging method will not take more time than the dedicated RRC signalling. Since the paging message will be broadcasted before the SI modification really comes. And the dedicated signaling can be sent to UEs only after the SI modification really comes.
· Activated or deactivated CC

When we discuss on the CC activation and deactivation, one argument is that CC activation need to be fast, so two steps procedure of configuration and activation was agreed in RAN2. If deactivated CC will not receive updated SI and maintain the SI up-to-date, it is impossible to active the CC to work quickly. It will lose the original intention to active the CC fast. So it is better for deactivated CC to update SI changed as activated CC as well.

· Extension CC or segment CC

It is not very clear how to design the extension carrier or carrier segment in RAN1, so it is premature to design the SI for extension CC or carrier segment so far. We think it is better to wait for the more progress on this topic in RAN1 anyway. It may be better to use the same way as normal CC to update SI,.

· Special case in Het-Net

When we considering Het-Net scenario, some companies think because of interference between macro cell and pico / femto cell, and in some special case, UE can not decode PDCCH on the CC for changed SI because of serious and un-coordinated interference, but the UE can work on the CC for dedicated data receiving by cross-carrier scheduling for PDSCH. From RAN1 discussion they have not confirmed whether or not this special case in Het-Net exists, because there are some methods could avoid the interference between macro cell and pico / femto cell. It depends on how the Het-Net implement. Further more, considering the repeating of SI, it is very difficult for us to image that UE can not receive the SI correctly but still work on this CC and receive PDSCH correctly,

Proposal 1: UE should maintain SI up-to-date for all configured CCs.

2.2 Solutions for SI update
For SI update solutions, there are some solutions mentioned in contributions [1], [3] and [4]. We analyze every option below, and give an illustration of ASN.1 for every method in annex.
· Option 1: All dedicated signaling 
We already have agreed using RRC dedicated message to transmit CC special SI information for new added CC. If we use dedicated signaling to update the SI for configured CCs for all related UEs, it will have impact to the specification since eNB need to inform all the related UEs when start to use new SI parameters. And it will use many radio resources to transmit by dedicated signalling to all the UEs working in CA scenario when SI update. 
While some companies also assume there are a limited number of users using CA, it is more efficient to inform these UEs with dedicated signalling rather than paging all UEs. So the overhead depends a lot on how may UEs are using CA. As we have mentioned in [1], LTE should support at least 200 mobile terminals in active state when operating in 5 MHz. In larger allocations (>than 5 MHz), at least 400 active terminals should be supported. Even there are only 10% users using CA in LTE-A system, 20~40 mobile terminals should be supported. We give some comparison in table 1 of section 2.3.
· Option 2: only enhanced paging 
In option 2, the enhanced paging message could include CC index for CC specific SI change, or include a bitmap indication about which CC’s SI changed. And SIB1 should include CC index and corresponding value tag for every CC, or SIB1 could only include the value tag for every CC and list them in some certain order. UE decode PDCCH on the corresponding CC with SI changed and receive the changed SI on this CC, and there is no cross scheduling for SI. 
In the enhanced paging method for SI modification, UE could monitor paging on only one CC. There was a suggestion about using another P-RNTI for CA SI modification. We think it is better to reuse the paging message that already being there by adding another indication since the paging message could be extension, and it will be simple for UE to monitor only one paging. After UE get the notification of SI changed, UE need to receive the changed SI by PDCCH/PDSCH.

· Option 3: Mega-SIB + Enhanced paging
In this option, from a carrier perspective, when the other one or more CCs’ specific SIB changes, eNB send only a Mega-SIB on this CC which includes all the other CCs’ modified SIB or IEs, the paging message could include one indication for this Mega-SIB. From eNB perspective, when any CCs’ specific SIB changes, Mega-SIB will be sent on all carriers other than the updated carrier. After getting the indication about Mega-SIB, UE could get the Mega-SIB as same as other SIs. The Mega-SIB only includes the modified MIB/SIB1/SIB2 information to the connected UE, and we could use “delta configuration” to implementation. 
The Mega-SIB broadcast will be sent as soon as possible after the modification period, as UEs are waiting for it. Consider that there is a need to space repetitions apart for time diversity. ENB could repeat the Mega-SIB with same repetition period as SIB1or SIB2. 

Considering Het-Net and UE capability, the Mega-SIB method is a sufficient solution because it is fast enough. In addition, eNB could use a “not-changing” CC, while the UE is blackout on the changing CC.
2.3 Comparison
We compare above mentioned three solutions and give a comparison table with following assumptions: 
· ENB running 3 CCs

· 300 UEs per carrier in connected mode, 10% users use CA , that means 90 UEs are configured by CA in a eNB
· Every CC has some IEs in SIB2 changed.
Table 1

	Criteria
	All dedicated
	Only enhanced paging
	Mega-SIB + Enhanced paging

	Total bits to send on PDSCH for a SIB2 change
	Send 90 times the update
	Zero
	Send no more than 60 mega-SIB (Note 1)

	Impact to Rel-8/9 {IDLE/Connected}
	No impact
	No impact
	No impact

	Works in Het-Net
	Yes
	Yes (depends on RAN1 discussion)
	Yes

	Impact to paging message
	No
	N bits, to indicate the CC where BCCH changes
	1 bit (to indicate this CC, or another CC, hence mega-SIB)


Note 1: Herein we assume the Mega-SIB could be broadcasted in the same manner of SIB2 and as frequently as SIB2,, if we assume the MP is 640ms, the period of Mega-SIB is 160ms, window size is 5ms , then the repetitions of Mega-SIB would be no more than 20 times. Of course the Mega-SIB may be broadcasted in the same manner of SIB1 and as frequently as SIB1
Proposal 2: RAN2 should take solution of only enhanced paging for saving radio resource.
3 Proposals
In this contribution we analyze several aspects of SI update, and give some solutions for SI update, and give a comparison table. The broadcast load of Mega-SIB solution could keep no change in any number of CA users. The overhead of the all dedicated signaling solution would increase with the number of CA users and potential retransmission should be also taken into account. While the only enhanced paging method will only add several bits in paging message, the overhead is very small and is attractive.

Proposal 1: UE should maintain SI up-to-date for all configured CCs.

Proposal 2: RAN2 should take solution of only enhanced paging for saving radio resource.
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5 Annex: ASN.1 illustration of methods
Case1: Only enhanced paging, including CC index with CC specific SI changed
Paging ::=




SEQUENCE {


pagingRecordList




PagingRecordList 




OPTIONAL,
-- Need ON


systemInfoModification



ENUMERATED {true}




OPTIONAL,
-- Need ON


etws-Indication





ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



Paging-v9x0-IEs





OPTIONAL
-- Need OP

}

Paging-v9x0-IEs ::=


SEQUENCE {


cmas-Indication-r9




ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



CC-ChangeIndication-v10x0-IEs

OPTIONAL
-- Need OP

}

CC-ChangeIndication-v10x0-IEs ::=
SEQUENCE {

cc-IndexList





CC-IndexList





OPTIONAL,
-- Need On

nonCriticalExtension



SEQUENCE {}






OPTIONAL
-- Need OP
}
CC-IndexList ::=





SEQUENCE (SIZE (1..maxCC-Index)) OF CC-Index
Case 2: Only enhanced paging: include a bitmap indication about which CC’s SI changed
Paging ::=




SEQUENCE {


pagingRecordList




PagingRecordList 




OPTIONAL,
-- Need ON


systemInfoModification



ENUMERATED {true}




OPTIONAL,
-- Need ON


etws-Indication





ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



Paging-v9x0-IEs





OPTIONAL
-- Need OP

}

Paging-v9x0-IEs ::=


SEQUENCE {


cmas-Indication-r9




ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



CC-ChangeIndicate-v10x0-IEs


OPTIONAL
-- Need OP

}

CC-ChangeIndicate-v10x0-IEs ::=
SEQUENCE {

cc-IndexIndication




BIT STRING (SIZE (5))



OPTIONAL,
-- Need ON

nonCriticalExtension



SEQUENCE {}






OPTIONAL
-- Need OP
}

Case 3: Mega-SIB + enhanced paging
Paging ::=




SEQUENCE {


pagingRecordList




PagingRecordList 




OPTIONAL,
-- Need ON


systemInfoModification



ENUMERATED {true}




OPTIONAL,
-- Need ON


etws-Indication





ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



Paging-v9x0-IEs





OPTIONAL
-- Need OP

}

Paging-v9x0-IEs ::=


SEQUENCE {


cmas-Indication-r9




ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



CC-ChangeIndicate-v10x0-IEs


OPTIONAL
-- Need OP

}

CC-ChangeIndicate-v10x0-IEs ::=
SEQUENCE {


systemInfoModification



ENUMERATED {true}




OPTIONAL,
-- Need ON

nonCriticalExtension



SEQUENCE {}






OPTIONAL
-- Need OP
}

Mege-SIB ::=



SEQUENCE {

cc-SIModificationList ::= SEQUENCE (SIZE (1.. maxCC-Index)) OF SI-Info,


SI-Info ::= SEQUENCE {


cc-Index




INTEGER (0..4),


dl-Bandwidth



ENUMERATED {n6, n15, n25, n50, n75, n100}
OPTIONAL,
-- Need ON



phich-Config 



PHICH-Config






OPTIONAL,
-- Need ON


csg-Indication



BOOLEAN








OPTIONAL,
-- Need ON


csg-Identity 



BIT STRING (SIZE (27))




OPTIONAL 
-- Need OR


p-Max 





P-Max








OPTIONAL,
-- Need ON


freqBandIndicator


INTEGER (1..64)






OPTIONAL,
-- Need ON


rach-ConfigCommon


RACH-ConfigCommon





OPTIONAL,
-- Need ON


prach-Config



PRACH-ConfigSIB






OPTIONAL,
-- Need ON


pdsch-ConfigCommon


PDSCH-ConfigCommon





OPTIONAL,
-- Need ON


pusch-ConfigCommon


PUSCH-ConfigCommon





OPTIONAL,
-- Need ON


pucch-ConfigCommon


PUCCH-ConfigCommon





OPTIONAL,
-- Need ON


soundingRS-UL-ConfigCommon
SoundingRS-UL-ConfigCommon


OPTIONAL,
-- Need ON


uplinkPowerControlCommon
UplinkPowerControlCommon



OPTIONAL,
-- Need ON


ul-CyclicPrefixLength

UL-CyclicPrefixLength




OPTIONAL,
-- Need ON


freqInfo




freqInfo






OPTIONAL,
-- Need ON


timeAlignmentTimerCommon
TimeAlignmentTimer




OPTIONAL,
-- Need ON


mbsfn-SubframeConfigList
MBSFN-SubframeConfigList



OPTIONAL
-- Need ON


...

}

nonCriticalExtension

SEQUENCE {}








OPTIONAL
-- Need OP

}
Case 4: All dedicated
The RRC message structure is as same as the structure of Mega-SIB. 
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