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1 Introduction 
The present contribution discusses the provisioning of system information for component carriers, and system information change in particular.  
RAN2 has already made some agreements related to system information. Agreements of relevance for the discussion are here listed for convenience: 
On BCCH, w.r.t. CC specific system information every DL CC will only provide its own CC specific system information [RAN2 #67bis]
CC addition: When configuring a new CC, dedicated RRC signalling is used for sending CCs’ “urgent system information” which is necessary for CC transmission/reception (Rel-8 handover behaviour) [RAN2 #68]
CC SI change: Having the UE monitor SI change paging notification on all configured CC’s, or have the UE periodically read the SIB1 on all configured CC’s, is not an acceptable solution [RAN2 #68]
RAN2 #68bis discussed solutions for system information change, but no conclusions were made. 

Based on our analysis below, we conclude that dedicated signalling is the preferred choice for providing system information of “additional” component carriers.  
2 Discussion 

During the RAN2#68bis discussion, there were two main alternatives for providing updated system information to Rel-10 UEs that have multiple Component Carriers. The main alternatives can roughly be summarized as follows: 
1) Dedicated signaling – where the eNB sends updated parameter values to each UE affected by the parameter update; 
2) Paging-based solution – where the UEs read for an SI change notification in one cell, and based on the presence of a notification, they re-read the necessary SI on some/all of the DL CCs.  
One main aspect that distinguishes the two approaches is the corresponding UE requirement: 

· In Alt. 1, the UE is not required to maintain updated SI from all DL CCs. Instead, the eNB takes the responsibility by offering any relevant updated information via dedicated signalling, 

· In Alt. 2, the UE is required to maintain updated system information on all DL CCs configured to this UE. If e.g. the UE misses all relevant paging opportunities (e.g. due to radio problems), it must re-read SIB1 to check the Value Tag related to the SI on each carrier.  
2.1 Dedicated signalling and the need for additional solutions
RAN2#68 agreed that dedicated signalling is used for transmitting “urgent” SI that facilitates use of “additional” (new) CCs. Signalling-wise, our understanding is that the RRC Connection Reconfiguration procedure will be used, such that any parameter value of the UE can be reconfigured at any time, using well-established RRC signalling principles. The meaning of the word “urgent” in the agreement remains a bit unclear, but otherwise it seems that Alt 1 (dedicated signalling) is already available per se: 

Observation: Dedicated signalling is available as a base-line solution for providing updated (system information) parameter values to the UE. 

2.2 Linking of UL and DL Component Carriers
RAN 2#67bis agreed that each (DL) CC provides on BCCH the system information which is specific to it. 

Our understanding of this agreement is that the structure of the System Information will be similar to Rel-8/9, i.e. that each Cell will include SI that relates both to the downlink (on which the BCCH is carried), and to a corresponding UL (FDD). Thus, in System Information, there is a linking of UL and DL, which is necessary in case the Cell is used for stand-alone operation – including Rel-8/9 UE support. A schematic illustration is provided below: 
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Figure 1 Schematic illustration of SI linking on BCCH to one UL and one DL, respectively.  The present illustration assumes an eNB supporting three “independent” Rel-8/9 cells, whose carriers can be used for Rel-10 aggregation.  
However, the carrier aggregation work supports asymmetric aggregation, where the numbers of DL and UL carriers configured to a UE may differ: 
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Figure 2 Illustration of “asymmetric” aggregation. UE1 on the left-hand side is aggregating DL1 and DL2 in the downlink and uses UL1 in the uplink. UE2 is using DL1 and aggregating UL1 and UL2 in the uplink. 
In the scenarios above, it is evident that the relevance of System Information (BCCH) for the UEs on DL2 is affected: 
1) UE1 could potentially be required to read BCCH on DL2 to maintain updated information, but the UE should not implement any parameters related to corresponding UL, such as e.g. RACH parameters.  This is because those UL parameters on DL2 relate to UL2, which is not used by the UE. Thus, only a part of the BCCH info on DL2 is relevant for this UE. 
2) UE2 will not read BCCH on DL2, since the UE is not configured with DL2. A requirement to read BCCH on DL2 appears counter-intuitive, since the UE is not required to monitor DL2 for any (other) purposes.

Similar issues may also arise with symmetric aggregation, if e.g. a UE is configured with DL1 + DL3 and UL1 + UL2 in the figures above.  
For the scenarios above (and particularly the UE2 situation), it is clear that a broadcast solution for maintaining system information is not adequate for all scenarios. Therefore, we conclude the following:   

Proposal 1 Dedicated signaling of all relevant SI related to CCs should be supported. 
The purpose of this proposal is to clear the uncertainty related to the term “urgent system information” in the existing agreement.
In our understanding, the main questions for RAN2 to consider are therefore:  

Is there sufficient motivation for expanding the UE requirements of Rel-10 UEs, 
such that the UE should maintain updated SI in multiple cells? 

In the following, we raise matters that we believe are of relevance when RAN2 makes decisions on this issue. 
2.3 Signalling load
When comparing pros and cons between the Dedicated and Broadcast alternatives, an important factor is the expected number of affected UEs, and the sizes of the potential reconfiguration messages:
· If the number of UEs that need to receive updates is small and the message is also small, then dedicated signalling is favourable. 
· If the number of UEs is large and the dedicated message is large, then a broadcast solution is preferable. 
This issue was debated also during RAN2 #68bis. 
A comprehensive analysis of the burden to update system information by means of dedicated signalling is difficult, because it depends heavily on the construction of the scenario, and how the relevant messages are constructed. However, some insight can be gained by deriving a conservative estimate:   
Rel-8/9 IE MobilityControlInfo includes IE RadioResourceConfigCommon that contains most of the relevant System Information that is required when setting upa UL/DL-pair of CCs. Thus, the content of this IE is the information that the nework must supply the UE with, when configuring the UE with additional CCs according to existing agreements. 
Assume now that some system parameters initially supplied to the UE within the IE RadioResourceConfigCommon  now changes. In the current IE, most of the fields are optional already at the first level, meaning that only the relevant thread needs to be provided. For the present carrier aggregation case, all fields should ideally be optional, which we will assume here (added and emphasized):   
RadioResourceConfigCommon-r10 ::=
SEQUENCE {


rach-ConfigCommon




RACH-ConfigCommon




OPTIONAL,
-- Need ON


prach-Config





PRACH-Config





OPTIONAL,
-- Need ON
pdsch-ConfigCommon




PDSCH-ConfigCommon




OPTIONAL,
-- Need ON


pusch-ConfigCommon




PUSCH-ConfigCommon




OPTIONAL,
-- Need ON

phich-Config





PHICH-Config





OPTIONAL,
-- Need ON


pucch-ConfigCommon




PUCCH-ConfigCommon




OPTIONAL,
-- Need ON


soundingRS-UL-ConfigCommon


SoundingRS-UL-ConfigCommon


OPTIONAL,
-- Need ON


uplinkPowerControlCommon


UplinkPowerControlCommon


OPTIONAL,
-- Need ON


antennaInfoCommon




AntennaInfoCommon




OPTIONAL,
-- Need ON


p-Max







P-Max







OPTIONAL,
-- Need OP


tdd-Config






TDD-Config






OPTIONAL,
-- Cond TDD


ul-CyclicPrefixLength



UL-CyclicPrefixLength



OPTIONAL,
-- Need ON

...

}

Assume therefore that e.g. the rach-ConfigCommon changes (e.g. the size of the preamble groups) and the rest of the fields (including the extension marker) above are masked away with 13 bits.   
Assume e.g. that some RACH parameters are reconfigured, such as the distribution between the preamble groups. Even if many of the fields in today’s RACH-ConfigCommon are mandatory, it does not result in a very large IE:   
RACH-ConfigCommon information element
-- ASN1START

RACH-ConfigCommon ::=

SEQUENCE {








preambleInfo





SEQUENCE {



numberOfRA-Preambles



ENUMERATED {













n4, n8, n12, n16 ,n20, n24, n28,













n32, n36, n40, n44, n48, n52, n56,













n60, n64},








4 bits


preamblesGroupAConfig



SEQUENCE {




sizeOfRA-PreamblesGroupA


ENUMERATED {














n4, n8, n12, n16 ,n20, n24, n28,














n32, n36, n40, n44, n48, n52, n56,














n60},








4 bits



messageSizeGroupA




ENUMERATED {b56, b144, b208, b256},


2 bits



messagePowerOffsetGroupB


ENUMERATED {














minusinfinity, dB0, dB5, dB8, dB10, dB12,














dB15, dB18},






3 bits






...
















1 bit


}


OPTIONAL












-- Need OP
1 bit

},


powerRampingParameters



SEQUENCE {













powerRampingStep




ENUMERATED {dB0, dB2,dB4, dB6},




2 bits


preambleInitialReceivedTargetPower
ENUMERATED {













dBm-120, dBm-118, dBm-116, dBm-114, dBm-112,













dBm-110, dBm-108, dBm-106, dBm-104, dBm-102,













dBm-100, dBm-98, dBm-96, dBm-94,













dBm-92, dBm-90}







4 bits

},


ra-SupervisionInfo




SEQUENCE {



preambleTransMax




ENUMERATED {













n3, n4, n5, n6, n7,
n8, n10, n20, n50,













n100, n200},







4 bits


ra-ResponseWindowSize



ENUMERATED {













sf2, sf3, sf4, sf5, sf6, sf7,













sf8, sf10},








3 bits


mac-ContentionResolutionTimer

ENUMERATED {













sf8, sf16, sf24, sf32, sf40, sf48,













sf56, sf64}








3 bits

},


maxHARQ-Msg3Tx





INTEGER (1..8),









3 bits

...





















1 bit
}

-- ASN1STOP

The size of the RACH-ConfigCommon will in this case add to 35 bits. With the 13 bits in RadioResourceConfigCommon, we are at 48 bits (6 bytes).   
In order to make a crude and very conservative estimate of the maximum size of such dedicated SI reconfiguaion messages (with additional overhead due to the RRC message structure, PDCP, RLC and MAC) , it appears safe to assume that a message will seldom exceed 20 bytes. Such a transmission will generally fit within a TTI when transmitted to a UE, and multiple UEs can be scheduled within the same TTI. 
Our general understanding is that the main benefits of carrier aggregation occur when only a few users are active. Thus, sending this message to 10 UEs would result in a signaling overhead less than 200 byte. However, in the case when 100 or even 1000 UEs would be affected by the change, the overhead would not exceed 2 kbyte or 20 kbyte, respectively. 
In our view, this overhead must be regarded as very small, considering that system information changes are not expected to occur often. 
Conclusion: Provinding updated system information by means of dedicated signaling does not result in much overhead. 
2.4 Urgency of the reconfiguration

During the Rel-8 work, there was a discussion of whether changes in system information must be synchronous. The conclusion was that no strict synchronization is needed, and the system can sustain a situation where a subset of UEs may use outdated SI parameters for a while until they have successfully read the new parameters from BCCH. 
For the updating of SI of CCs, we believe that the same argument holds: The network may successively update the UEs with new parameters during a period, and the system should not be heavily affected even if some UEs may have some outdated parameter values for a short period. If the number of UEs that need to be updated are calculated in 10’s of UEs, the updating will only take a few milliseconds (subject to DRX periods of the concerned UEs).  Updating, say, even 1000 UEs should be possible within a fraction of a second, though it is clear that such a case (if considered realistic) will already create some burden on PDCCH, since many UEs need to be addressed. 
Note that, during the reconfiguration, the eNB can always avoid scheduling the UEs on the affected carrier, thereby minimizing the potential effects of a parameter mismatch. 

Our understanding is therefore that a broadcast method for updating system information offers no or limited benefits with regards to urgency in providing updates, relative to the dedicated approach.       
2.5 Backwards-compatibility and ETWS support

One aspect of relevance for SI updating concerns ETWS and backwards-compatibility: It appears rather evident that the Rel-10 UE should follow Rel-8/9 compatible SI update indications in at least one cell, such that also a Rel-10 UE may receive e.g. the ETWS alarms. This issue is treated in our companion contribution related to the PCC concept ‎[1], including the corresponding proposal to monitor system information change in the PCC. 
3 Conclusions 
In the present paper, we analyzed how the UE should be offered updated system information related to “additional” CCs. 

Based on our analysis, we do not think that a UE should be required to maintain updated system information from many BCCH’es. Instead, dedicated signalling appears to fulfil the requirements by offering a simple solution that does not create a lot of overhead. 

In order to facilitate this, we suggest clarifying the existing agreements with the following proposal: 

Proposal 1
Dedicated signaling of all relevant SI related to CCs should be supported.
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