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1. Introduction
In the last RAN2 meeting, some issues about system information(SI) reception in carrier aggregation were discussed, and some agreements were achieved as follows:

	Areas for further study:

SI providing at CC addition

1. 
Open issue: In line with Rel-8, when a CC is added the UE will receive the critical SI by dedicated signalling (FFS ?)

SI providing at SI change

1.
Baseline will be the Rel-8 behaviour, where the UE can either periodically check paging or periodically check SIB1 on a CC to become aware of SI change ? The UE will have to execute this behaviour per configured CC. Can we motivate optimizations?


Based on these agreements, some detailed areas can be discussed. In this contribution, we mainly focus on if we can use dedicated signalling to provide system information to additional component carriers(CC), and meanwhile, some optimizations to system information updating are further studied.
2. Discussion

2.1
System Information Acquisition
2.1.1
System Information Acquisition when aggregating new Stand-alone-capable Carriers
In LTE systems, UE works with one single carrier. UE in RRC_IDLE mode receives the broadcast of system information from this carrier and then establishes the RRC connection on this carrier to transmit/receive services based on the received system information (e.g. MIB, SIB1, and SIB2). However, for LTE-A systems, the UE may work simultaneously on multiple CCs. Based on the agreement of the last RAN2 meeting, every downlink CC only provides its own CC specific system information, so the RRC_IDLE UE only receives the camped CC’s system information. In this case, SI acquisition issue occurs. That is, before UE can transmit/receive data in CA mode, it should acquire necessary up-to-date system information of multiple CCs related to the CA transmission. 
We first discuss the SI acquisition of new stand-alone-capable carrier, and will discuss extension carrier in the next subsection. Note that, if a UE is in RRC_CONNECTED mode and then starts to monitor the system information from other CCs, there will exist a relatively large delay before the CA transmission begins, since, for example, SIB2 has a period of at least 80 ms. If the time involved in acquiring non-camped CCs’ system information can be reduced, it will accelerate the response of services which depend on CA transmission. Compared with SI monitoring for new aggregated CCs, dedicated RRC signalling seems a good choice to transmit system information for non-camped CCs, and its advantages are listed below:
· Small time delay

The delay of dedicated RRC signalling is small because it can be directly received and used by a UE.
· Low signalling overhead increasement
By using dedicated RRC signalling, the increase of signalling overhead is acceptable. In addition, if unnecessary system information in CA transmission can be avoided, the performance of both signalling overhead and information efficiency can be enhanced. System information can be divided into two types from the perspective of necessity:

Type A system information: System information which is not related to CA transmission

Type B system information: System information which is related to CA transmission

Type A system information is dispensable in CA transmission, so it will not be included in the dedicated RRC signalling. Only type B system information is conveyed to a UE in above-mentioned dedicated RRC signalling.
In order to further lower the signalling overhead, type B system information can be divided into two types:

Type B1 system information: System information which must be the same among different cells

Type B2 system information: System information which may differ among different cells

For reducing signalling overhead, delta signalling can be used to send type B system information. In this way, type B1 system information is not necessary to be transmitted repeatedly. Delta signalling should be configured based on special cell, so after the system information of special cell is sent to a UE, only changed part of type B2 system information of other carriers is conveyed to this UE in above-mentioned dedicated RRC signaling.

For UEs in CA transmission, when traffic amount increases, additional CCs may need to be activated. UE should acquire the system information of these CCs which is necessary for CA transmission. Similarly, dedicated RRC signalling can still be used to inform UE these CCs’ system information in this case.

Proposal 1: Dedicated RRC signalling is used for sending CCs’ system information which is necessary for CA transmission when new stand-alone-capable CCs need to be activated. 

2.1.2
System Information Acquisition of Extension Carriers
As defined in RAN1#57bis meeting, an extension(EX) carrier is a carrier that cannot be operated stand-alone, but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier. If there exist EX carriers in LTE-A systems, the acquisition of EX carriers’ system information must be clarified. 
In order to keep accordance with stand-alone-capable carriers(Proposal 1), dedicated RRC signalling is proposed to be used for sending EX carriers’ system information for CA transmission.
Proposal 2: Dedicated RRC signalling is used for sending extention carriers’ system information which is necessary for CA transmission when these carriers need to be activated.
2.2 System Information Updating
2.2.1
System Information Updating of Stand-alone-capable Carriers
If a UE is working simultaneously on multiple CCs, it is essential to maintain the up-to-date system information of all these CCs for CA transmission. A UE in RRC_IDLE mode has a camped CC, and the RRC connection will be established on it if necessary. After this UE transits to RRC_CONNECTED, the CC mentioned above could be called as a special cell to facilitate the following discussion. The UE aggregates several CCs when it starts CA transmission. Suppose that there is only one special cell and the other CCs are additional resources for CA transmission. 
With respect to system information updating, the baseline will applying Rel-8 behaviour to each CC, where the UE can either periodically check paging or periodically check SIB1 on a CC to become aware of system information change. This solution can be taken as Option 1:
Option 1: A UE can either periodically check paging or periodically check SIB1 on a CC to become aware of system information change.
The UE will have to execute this behaviour per configured CC, which will result in high power consumption. There are some good ways to lower power consumption. As described in [3], if the carrier activation/de-activation mechanism is supported in LTE-A systems, system information can be modified on the UE’s de-actived carrier, which will save more power. If Option 1 is adopted, the de-actived carriers will wake up to check paging or SIB1, which still consumes too much power. From the perspective of low power consumption, some optimizations should be reasonably put forward. There are two options that can be taken:
Option 2: Dedicated RRC signalling is utilized by eNB to inform UE the updated system information which is necessary for CA transmission. In this way, UE in RRC_CONNECTED acquire up-to-date system information which will be used immediately.
Option 3: A UE only receives the system information change notification (Valuetag in SIB1 or Paging) on its special cell. After receiving system information change notification, the UE may know which CC’s system information has changed. By monitoring the broadcast of these additional CCs, the updating of necessary common radio resource configurations included in system information can be achieved. 
In comparison with Option 3, Option 2 has smaller system information updating delay, because the RRC signalling containing system information can be directly used. However, Option 2 may mean introducing a new dedicated RRC signalling or extending the existing RRC signalling, while Option 3 only needs to add an IE in SIB1 and/or paging message. Option 3 takes advantage of special cell to receive system information change notification, from which the UE knows about those CCs whose system information has changed. In this way, no extra dedicated RRC signalling is needed. The comparison between Option 2 and Option 3 is shown in Table 1, which may help to get a better understanding of these two options. 
	
	Option 2
	Option 3

	Delay
	small
	medium

	RRC Signalling Overhead
	heavy
	light

	Power Consumption
	medium
	small


Table 1: the comparison between Option 1 and Option 2
In conclusion, Option 2 is preferred from the perspective of low signalling overhead, although its latency is a little larger than Option 1.
Proposal 3: After receiving system information change notification (Valuetag in SIB1 or Paging) through special cell, connected mode UE reads the broadcast of corresponding CCs to update common radio resource configurations which is necessary for CA transmission.
2.2.2
System Information Updating of extension Carriers
In comparison with stand-alone-capable carriers, there are some problems for EX carriers to attain their system information. In RAN2#67bis meeting, an agreement has been achieved that there are three options to provide system information to EX carriers:

Option 1: System information is provided on EX carrier itself 
Option 2: System information is provided in BCCH on another CC

Option 3: System information is provided with dedicated signalling

The existence of control region (e.g. PDCCH) on an EX carrier has not been determined, so if Option 1 can be put into practice is uncertain. Option 2 is also not preferred from the perspective of coverage. Due to CCs’ different propagation characristics, the coverage range of these CCs may be various. If Option 2 is adopted, an EX carrier’s system information is provided by a stand-alone-capable carrier. When the UE moves to an area which is out of the coverage of this stand-alone-capable carrier, the provision of EX carrier’s system information will be interrupted. In addition, the extra EX carrier’s system information will change the structure of the broadcast on this stand-alone-capable carrier and increase the broadcast overhead of the network. Option 3 avoids the problems mentioned above. In conclusion, Option 3 is preferred although it conflicts with Proposal 3.
Proposal 4: The system information updating of an EX carrier is provided with dedicated signalling (in exception to Proposal 3).
3. Conclusion
As discussed above, our proposals are shown below:

Proposal 1: Dedicated RRC signalling is used for sending CCs’ system information which is necessary for CA transmission when new stand-alone-capable CCs need to be activated.
Proposal 2: Dedicated RRC signalling is used for sending extension carriers’ system information which is necessary for CA transmission when these carriers need to be activated.
Proposal 3: After receiving system information change notification (Valuetag in SIB1 or Paging) through special cell, connected mode UE reads the broadcast of corresponding CCs to update common radio resource configurations which is necessary for CA transmission.
Proposal 4: The system information updating of an EX carrier is provided with dedicated signalling (in exception to Proposal 3).
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