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1. Introduction

In RAN2 68bis meeting, following two approaches for system information modification in carrier aggregation were discussed.
· System information modification is indicated by paging message on anchor carrier or special cell as similar to Rel-8/9. After that, UE tries to receive system information on corresponding CCs which are configured as aggregation. 
· RRC dedicated signalling which includes modified system information is sent from eNB when system information is modified (i.e. UE does not need to receive system information on individual CCs). 
We would like to analysis both approaches and to propose our preference in this document.
2. Discussion
2.1. Analysis of using Paging message
Our assumption of the paging message structure is shown in Annex.1. The paging message indicates system information modification on other CCs by using new information element called as ‘systemInfoModOther’. If Rel-10 UE reads this IE ‘systemInfoModOther’ which is set ‘true’, Rel-10 UE tries to read system information from corresponding CCs[1]. It should be noted that this behaviour has no impact to Rel-8/9 UEs which do not use carrier aggregation, since a Rel-8/9 UE does not read this IE within nonCriticalExtension from logical behaviour perspective. On the other hand, Rel-8/9 UE has a bit impact on the battery life as Rel-8/9 UE wakes up for PDSCH in addition to PDCCH. However, we assume that this is not big impact for battery life, since RAN2 discussed that whether UE reads only PDCCH for paging or UE reads both PDCCH and PDSCH for paging has not big difference in paging group discussion. IE ‘systemInfoModification’ plays same role in Rel-8/9/10 in order to inform UE that system information of current component carrier is changed. 
Analysis1: Using paging message does not impact Rel-8/9 UE from logical perspective although it impacts a bit to battery life.
During RAN2#68bis meeting, possible issues were discussed for paging approach. Following are those issues and our considerations for them.
Issue 1: deactivated CC handling
How to handle receiving system information from a deactivated CC needs to be decided. UE can perform system information acquisition from deactivated CC after UE receives paging. This behaviour can be done without additional activation/deactivation procedure, since it is possible that UE has capability to change activation/deactivation only for system information automatically. RSRP/RSRQ measurement without measurement gap is needed for deactivated CC as discussed in [3]. Therefore, we assume that UE has capability to receive system information from deactivated carrier even though according to current agreements UE doesn’t monitor PDCCH/PDSCH on a deactivated CC, it is possible from technical point of view with some UE complexity and testing efforts. Even though this behaviour increases wake-up period for deactivated CC, this additional wake-up won’t be problem since system information modification is not so frequent. Dedicated signalling approach does not have such issue.
Issue 2: different coverage among CCs
In case that UE configures several CCs which have different coverage areas (i.e. deployment2 and deployment3 in [2]), it may happen that UE can not immediately receive the updated system information from some of configured CCs which UE can not receive PDCCH from radio power/channel condition perspective, when UE receives paging which indicates system information modification for other CCs on which UE does not receive paging. Therefore, UE is required to keep aware the need to receive updated system information and UE should have the method for receiving system information for the CC. For example, when there is pending CC to update the reception of system information, after UE recognizes the CC is available from radio power perspective (e.g. by measurement), UE tries to receive system information from the cell and checks value tag. Furthermore, UE should check whether the CC is really CC which UE assume by checking CGI, since PCI confusion may happen (Note that this function is not only for paging approach. Even if dedicated signaling approach, UE should have this function before start using the CC in order to avoid CQI reporting on wrong CC, measurement report on wrong CC and so on). By using this method UE can receive system information before using CCs. Dedicated signalling approach does not require to keep pending CC to update the reception.
Issue 3: extension carrier handling
Since UE does not receive system information directly on an extension carrier, some special method for providing system information of an extension carrier to UE is necessary. We think there are two alternatives. One alternative is that backward-compatible CC which is pair of extension carrier broadcasts system information of extension carrier instead of extension carrier. In this case, UE receives system information of extension carrier on another CC. The other alternative is to use dedicated signalling for this purpose by reusing the message which configures component carrier(s) to UE. We think the first approach is more complex because new mechanism to receive system information of extension carrier needs to be standardized. On the other hand, second approach can be realized by just rather extending dedicated signalling.
Since whether extension carrier is introduced or not is still under discussion in RAN1/4, we should wait the decision in RAN1/4.
Issue 4: HetNet operation (i.e. PDCCH area < PDSCH area)
In case UE cannot receive PDCCH but can only receive PDSCH on a component carrier, special behaviour to provide system information to UE is needed, since UE can not receive PDCCH to indicate SIB scheduling. In our view, there are two alternatives. One alternative is that this kind of CC can be handled similar to an extension carrier as discussed above, because UE can not receive system information indicated by PDCCH on such CC when UE is in area where PDCCH on the CC is not available. The other alternative is that system information on this kind of CC is indicated by a PDCCH on other CC when UE is in area where PDCCH on the CC is not available. However, this leads additional UE complexity as also discussed in extension carrier. Therefore, paging approach is not suitable for this situation and dedicated signalling is required for this case.
Issue 5: What kind of CC set is included in paging message

The more number of CC information is added, the more UEs wakes up because of the system information change. Therefore, it is a trade-off between how many CCs are included in paging message. Although a UE may support only maximum 5 CCs, the set of CCs could be different among UEs. This is the RAN1 reason that CIF indication is UE specific and not system specific. Then it may be required to include more than 5 CCs.  Dedicated signalling approach does not have such issue.
From above considerations, we think the paging approach can be used as complementary technique. On the other hand, dedicated signalling approach does not have above issues. Therefore, we think that the paging approach can be used in case problems/concerns with the dedicated signalling approach are identified. 
Analysis2: The paging approach can be used as complementary technique in case problems/concerns with the dedicated signalling approach are identified.
2.2. Analysis of using dedicated signalling
We assume dedicated signaling is same as message which is used to configure additional component carrier. Therefore, there is no specification impact to have such dedicated signaling. On the other hand, we see following 2 issues. 
Issue A: PDSCH/PDCCH overhead
The overhead from PDSCH perspective and from PDCCH perspective are not so small. The overhead from PDSCH perspective is 195 bits which are calculated by the amount bits of IEs as described in Annex.2. . Assuming that 100 UEs use 5 component carriers, the overhead is about 10kBytes. Therefore, this is not big overhead. Note that further reduction can be possible when only modified part is transmitted.
The overhead from PDCCH perspective is that about 6 or 7 subframes are occupied on an average when 200 UEs belonging to the CC which provides 20MHz bandwidth and 3 OFDM symbols for PDCCH.  This PDCCH overhead is rather non-negligible for a certain radio frame. Note it may not be so big issue if the order of the change is in the order of once per a few hours[4]. In case of critical L1 parameter changes, some frames could be lost. 
Issue B: Long DRX UE
In order to support always on concept, operators may want to keep UEs in RRC_CONNECTED by using long DRX. When UE is in long DRX, and UL synchronization is not maintained, UE needs to perform random access procedure before UE receives modified system information using dedicated signalling. PDCCH to initiate random access procedure are additionally required to above PDCCH overhead. RACH resource is also big issue for this case.
Analysis3: The paging approach is useful when PDCCH and RACH overhead are issue as the complementary tool to help dedicated signalling.
3. Conclusion
This document discusses system information modification in carrier aggregation. Conclusion is as follow.
We propose to support both the paging approach and the dedicated signalling approach. 
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Annex.1
Following ASN.1 shows the example of modification of the paging message in R2-100764. The IE ‘systemInfoModOther’ indicates whether the system information modification on other CCs is occurred or not.
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-v9x0-IEs





OPTIONAL

}

Paging-v9x0-IEs ::=


SEQUENCE {


cmas-Indication-r9



ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



SEQUENCE {


systemInfoModOther


ENUMERATED {true}




OPTIONAL,   -- Need ON



...

}






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

Annex.2

Following table shows the system information (i.e. MIB, SIB1 and SIB2) which is also included in Handover Command. The number at right side shows the information element bits (which does not include OPTIONAL and CHOICE bit).
	MIB
	　
	　
	　
	　

	　
	dl-Bandwidth
	
	
	3

	　
	phich-Config
	　
	　
	3

	SIB1
	　
	　
	　
	　

	　
	p-Max
	
	
	6

	　
	tdd-Config
	　
	　
	7

	SIB2
	　
	　
	　
	　

	　
	radioResourceConfigCommon
	
	
	　

	　
	　
	RadioResourceConfigCommonSIB
	
	　

	　
	　
	
	rach-ConfigCommon
	32

	　
	　
	
	prach-Config
	28

	　
	　
	
	pdsch-ConfigCommon
	9

	　
	　
	
	pusch-ConfigCommon
	21

	　
	　
	
	pucch-ConfigCommon
	23

	　
	　
	
	soundingRS-UL-ConfigCommon
	9

	　
	　
	
	uplinkPowerControlCommon
	29

	　
	　
	
	ul-CyclicPrefixLength
	1

	　
	freqInfo
	
	
	　

	　
	　
	ul-CarrierFreq
	
	16

	　
	　
	ul-Bandwidth
	
	3

	　
	　
	additionalSpectrumEmission
	　
	5
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