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1. Introduction 

To support carrier aggregation, different carrier types have been discussed in RAN1 and RAN2 and the following definitions have been agreed in RAN1#57bis [1]:

· Backwards compatible carrier:

· A carrier accessible to UEs of all existing LTE releases. 

· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation. 

· For FDD, backwards compatible carriers always occur in pairs, i.e DL and UL.

· Non-backwards compatible carrier: 

· If specified, a carrier not accessible to UEs of earlier LTE releases, but accessible to UEs of the release defining such a carrier. 

· Can be operated as a single carrier (stand-alone) if the non-backwards compatibility originates from the duplex distance, or otherwise as a part of carrier aggregation. 

· Extension carrier: 

· If specified, a carrier that cannot be operated as a single carrier (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.

A Rel-10 UE can be allocated multiple component carriers (CCs) on which signal reception should be enabled. For proper operation on each of the allocated component carriers, the UE needs to acquire up-to-date system information (SI) on these CCs. Various aspects of SI acquisition were discussed in [2] to [6]. In RAN2#67bis, it was agreed that ‘On BCCH, with respect to CC specific SI, every DL CC will only provide its own CC specific SI’ [7]. The following open issues are also captured in [7]:
· SI for an extension carrier. There are 3 possible options: a) provide it on the extension carrier; b) provide it in BCCH on another CC);  c) provide it with dedicated signaling
· SI providing at CC addition: when a CC is added to the UE, it is FFS whether the critical SI will be sent to the UE via dedicated signaling

· SI providing at SI change: it is an open issue whether Rel-8 behavior should be baseline, i.e. UE can either periodically check paging or SIB1 on each configured CC to become aware of SI change; or some optimization should be supported
In this paper, we discuss the above open issues for SI acquisition. 

2. Acquisition of SI by a UE when a CC is Allocated to the UE

When a UE first enters RRC_CONNECTED state, it can be assigned one CC, i.e. the carrier on which the UE performs RACH procedure to enter RRC_CONNECTED state. This CC can be the default anchor carrier or serving cell of the UE. As traffic demand increases or due to other factors, additional CCs can be allocated to the UE. There are different options on how a UE acquires the SI on a newly allocated CC:

· Option 1: As dedicated RRC signalling can be used to allocate a CC to a UE, the SI of the allocated CC can be included in the dedicated RRC signalling. Although this approach is beneficial in terms of the timeliness of SI acquisition by the UE, it introduces additional signalling overhead. To reduce signalling overhead, only essential information required for UE’s operation on the CC and information that is specific to the CC and different from that of the anchor carrier (or serving cell) needs to be included in the dedicated RRC signalling. Such information includes DL (and paired UL) carrier frequency and bandwidth, PCI, carrier index, radio resource config. common, C-RNTI etc.

· Option 2: After a UE is allocated a CC, the UE enables signal reception on that CC to acquire the SI of the CC. Only after the UE has successfully acquired the SI of the CC, can the eNB schedule PDSCH/PUSCH resource for the UE. This introduces delay in terms of when traffic can be scheduled for transmission on the additional CC. Although the eNB can allocate additional CCs to the UE in advance in anticipation of traffic arrival, this increases the UE’s battery power consumption, since the UE needs to enable signal reception on these CCs even though there is no data traffic currently being sent on these CCs.

· Option 3: Prior to being allocated additional CCs, the UE acquires the SI of other non-allocated CCs autonomously by enabling signal reception on those CCs. Although this approach resolves the latency issue in Option 2, it introduces unnecessary processing and battery power consumption at the UE, since the UE may not be allocated some or all of those CCs during the validity period of the SI on those CCs.

Overall, option 1 is the preferred option since it is optimum for UE’s battery power consumption and the additional signalling overhead can be reduced by only transmitting essential SI of a CC using dedicated RRC signalling.

Proposal 1: When a CC is allocated to the UE, the dedicated RRC signalling includes the essential SI of the CC for proper UE operation on the CC.
3. Acquisition of Up-to-date SI by the UE on an Allocated CC
After the UE acquires the SI of a CC when the CC is first allocated to the UE (as described in Section 2), the UE needs to ensure that it has valid up-to-date SI for the allocated CC on an on-going basis. The main components of SI that may change from time to time and which are relevant for an RRC_CONNECTED UE include the PHICH configuration (in MIB), radio resource config. common, and MBSFN-subframe config (in SIB2).

There are several possible options for the UE to acquire up-to-date MIB and SIB2 information of a CC related to PHICH configuration, radio resource config. common and MBSFN-subframe config.:

· Option 1: The UE reads MIB and SIB1 on every allocated CC at the start of every SI modification period of the corresponding CC. The UE checks the systemInfoValueTag to validate if the SI messages have changed. If the SI messages have changed, the UE proceeds to read the SI messages based on the SI scheduling info indicated in SIB1. In this approach, the UE always has to read the MIB and SIB1 at the start of every SI modification period regardless of whether there is updated MIB or SIB2 information. In addition, if the systemInfoValueTag indicates an updated value, the UE has to read the SI message that contains SIB2 even though the SIB2 information may not have changed. This incurs unnecessary processing at the UE and increases battery power consumption. In addition, as agreed in RAN1#58 [8], the PDSCH/PUSCH assignment of one CC may be sent on the PDCCH of another CC. If a CC is not designated as a PDCCH-monitoring CC for the UE, the UE will not be able to read the SI-RNTI to decode SIB1 and the SI messages, unless the UE enables PDCCH monitoring on the CC specifically to read the SI-RNTI at the start of every SI modification period. This introduces additional processing and blind decoding at the UE.
· Option 2: The UE reads the paging message on each allocated CC to check for systemInfoModification. If systemInfoModification indicates the SI will change at the next modification period boundary, the UE will read the MIB and SIB1 for SI scheduling information, and subsequently the SI messages (if systemInfoValueTag in SIB1 has changed) at the start of the next modification period. This approach has the advantage of being the same as the Rel-8 procedure from the perspective of each allocated CC. In addition, the UE only needs to read the MIB, SIB1, and SI messages when the systemInfoModification indicates SI will change at the next modification period. However, this approach requires the UE to read the paging messages on all the allocated CCs although most of the information in these paging messages are either duplicate or not relevant to the UE. In addition, this approach also faces the issue when a CC is not designated as a PDCCH-monitoring CC. In order for the UE to read the P-RNTI and the corresponding paging message, the UE has to enable PDCCH monitoring on the CC at specific subframes. This introduces additional processing and blind decoding at the UE.
· Option 3: The paging message of one of the allocated CCs (e.g. the anchor carrier or serving cell) includes an indication (e.g., similar to systemInfoModification) of whether the MIB or SIB2 information of another CC will change in the next SI modification period. This approach requires that the paging message of a carrier includes systemInfoModification of other carriers which increases the signaling overhead although the increase may be quite small. Similar to Option 2, the UE only needs to read the MIB, SIB1, and SI messages on a particular allocated CC when the corresponding systemInfoModification indicates SI on that CC will change at the next modification period. This approach has the advantage over Option 2 since the UE does not need to read the P-RNTI and paging messages on multiple CCs.
Overall, option 3 is the preferred option since it requires the least processing and blind decoding at the UE. Although it introduces additional overhead in the paging message, the overhead increase can be quite small.

Proposal 2: The paging message of one of the allocated CCs of the UE (e.g. the anchor carrier or serving cell) includes an indication of whether the MIB or SIB2 information of another CC will change in the next SI modification period.

4. Acquisition of SI of An Extension Carrier

The usage scenarios of the extension carrier were discussed in RAN1#58bis [9]

 REF _Ref244360854 \r \h 
[10]. The main motivation presented for the extension carrier is to have a PDCCH-less carrier to reduce the inter-cell interference experienced on PDCCH in the case of heterogeneous network deployment.
Since an extension carrier is not accessible, cannot be assigned as a standalone carrier for a UE and therefore cannot be qualified as a cell, an extension carrier does not need to broadcast most of the SI that a backward compatible carrier and a non-backward compatible carrier would broadcast. Similar to that discussed in Section 2, when an extension carrier is first allocated to a UE, the essential SI can be sent to the UE via dedicated RRC signalling as part of the carrier assignment signalling. Once the UE is assigned an extension carrier, the UE needs to acquire up-to-date SI, i.e. PHICH configuration and radio resource config. common, of the extension carrier on an on-going basis. It is unclear at this point whether MBSFN subframes will be configured on an extension carrier. There are several possible options for the UE to acquire up-to-date PHICH configuration and radio resource config. common of an extension carrier:

· Option 1: An extension carrier does not broadcast the regular MIB, SIB1 to SIB11. An extension carrier only broadcast limited SI, i.e. PHICH configuration and radio resource config. common information in the form of SI messages. The scheduling information and the change notification of the SI messages on the extension carrier can be conveyed to the UE via one of the other non-extension carriers assigned to the UE.
· Option 2: An extension carrier does not broadcast any SI. The PHICH configuration and radio resource config. common information of an extension carrier is broadcast by another non-extension carrier assigned to the UE. This approach potentially requires each non-extension carrier to broadcast SI of the extension carriers deployed by the same eNB, thus increases the signalling overhead compared to option 1.
· Option 3: An extension carrier does not broadcast any SI. The up-to-date PHICH configuration and radio resource config. common information of an extension carrier is sent to each UE that is assigned the extension carrier, via dedicated signalling. Since there could be many UEs that are assigned one or more extension carriers, the signalling overhead incurred could be very large. 
Proposal  3: An extension carrier does not broadcast regular Rel-8 MIB, SIB1 to SIB11. The up-to-date SI of an extension carrier, i.e. PHICH configuration and radio resource config. common, is conveyed to the UE via broadcast SI message sent on the extension carrier itself or another non-extension carrier.
5. Conclusions

In this contribution, we discussed the various aspects related to SI acquisition of CCs at the UE. Different options with pros and cons analysis were described. Here is a summary of our proposal:

Proposal 1: When a CC is allocated to the UE, the dedicated RRC signalling includes the essential SI of the CC for proper UE operation on the CC.
Proposal 2: The paging message of one of the allocated CCs of the UE (e.g. the anchor carrier or serving cell) includes an indication of whether the MIB or SIB2 information of another CC will change in the next SI modification period.
Proposal  3: An extension carrier does not broadcast regular Rel-8 MIB, SIB1 to SIB11. The up-to-date SI of an extension carrier, i.e. PHICH configuration and radio resource config. common, is conveyed to the UE via broadcast SI message sent on the extension carrier itself or another non-extension carrier.
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