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1. Introduction
In [1], RAN2 received a LS from RAN1 indicating the following with regards to carrier aggregation in LTE-A:

RAN1 has not decided whether certain physical channels that are required for cell identification could be removed from a subset of carriers. RAN1 suggests carrying the discussion on accessibility of component carriers in RAN2. Based on RAN2 decisions, RAN1 can evaluate the need for transmission of synchronization signals etc. in case of non-accessible carriers.

In this contribution, we discuss the need for non-accessible carriers.

2. Discussion
2.1
Non-accessible carrier in terms of Idle mode camping
In this section, we consider carriers that are not accessible in terms of Idle mode camping. Such a non-accessible carrier would be:

1) A carrier on which Idle mode camping is prohibited.

2) A carrier which can only be accessed in connected mode after redirection / handover to the particular carrier, or by addition of the particular component carrier (CC) to the UE’s CC set for carrier aggregation.

Deploying such non-accessible carriers will be beneficial in terms of:

· Reducing paging overhead in the system. I.e. paging messages need not be delivered in non-accessible carriers.

· Reducing system information broadcast overhead in the system. I.e. system information, especially those relating to Idle mode cell selection / reselection, need not be delivered in non-accessible carriers.

It is noted that deployment of such non-accessible carriers is already possible in Rel-8 LTE. To deploy such a non-accessible carrier in Rel-8 LTE, the operator just needs to set cellBarred in SIB1 to “barred”. In such a cell:

· SIB1 needs to be broadcasted in order for the UEs to detect the cell is barred (and to provide some information that a connected mode UE has to read after being redirected / handed over to the cell)
· MIB needs to be broadcasted in order for the UEs to receive SIB1 (and to provide some information that a connected mode UE has to read after being redirected / handed over to the cell)
· SIB2 (and SIB8 depending on support of CDMA2000) needs to be broadcasted in order to provide some information that a connected mode UE has to read after being redirected / handed over to the cell

· SIB3 to SIB7 need not be broadcasted since they only carry Idle mode cell reselection information

· SIB9 may be broadcasted if the cell is a HeNB cell

· SIB10/11 may be broadcasted when ETWS message is present

· SIB12 may be broadcasted when CMAS message is present

· SIB13 may be broadcasted if MBMS service is provided
Conclusion 1: It is already possible utilizing Rel-8 mechanisms to deploy a carrier that is non-accessible to Idle mode UEs and reducing paging and system information broadcast overhead.
2.2
Carrier segment / Extension carrier
2.2.1
Motivation and RAN1/RAN2 responsibilities
On the other hand, the notion of “carrier segments” and “extension carriers”, which are resources/carriers that need to operate together with a standalone CC (CCs which can operate in a standalone manner), and which access is also only possible in connected mode, has been discussed in RAN WG1 [2-4]. The intension of “carrier segments” / “extension carrier” is to maximize spectrum usage when operators are allocated bandwidth not exactly aligning to the current LTE channel bandwidth configurations, i.e. 6, 15, 25, 50, 75, 100, and to reduce control signal overhead, e.g. by not transmitting PSS/SSS, CRS, PCFICH, PDCCH, PHICH, MIB and SIBs in those carriers. So, the motivation comes rather from a L1 point of view.
Conclusion 2: Motivation to support “carrier segment” and/or “extension carrier” should come from RAN1/4.
However, if such control information for the “carrier segment” / “extension carrier” needs to be delivered/broadcasted in a related standalone CC (a standalone CC that is part of the carrier aggregation set together with the “carrier segment” / “extension carrier”) , there will be RAN2 impacts. For example, if there is a certain system information for the “carrier segment” / “extension carrier”, RAN2 needs to consider whether such information will be broadcasted in a related standalone CC, or delivered via dedicated signalling when the UE is in connected mode. How to update/reconfigure such control information is also an aspect RAN2 would need to address. Therefore, RAN2 should provide input to RAN1 on foreseen RAN2 impacts if “carrier segment” / “extension carrier” is supported for LTE-A.

Conclusion 3: RAN2 should provide input to RAN1 on any foreseen impacts to RAN2 work related to “carrier segment” / “extension carrier”.

2.2.2
Brief description of “carrier segment” / “extension carrier”
The idea of “carrier segment” and “extension carrier” is briefly described below. It is noted that the “carrier segment” and “extension carrier” shares many similarities, and in the end, it might happen so that they will converge into the same thing.
“Carrier segment”
“Carrier segment” is perceived to have the following characteristics [2-4]:

· “Carrier segments” are just resources that are extended to standalone CCs
· Carrier segments are adjacent to related the standalone CC
· PDSCH/PUSCH assignment on “carrier segments” are indicated via PDCCH transmitted on the related standalone CC
· When assigning RBs belonging to both the “carrier segment” and the related standalone CC to a UE in a subframe, one PDCCH is used and one TB is generated (per codeword in case of spatial multiplexing)

· In essence, the standalone CC plus the “carrier segment” is one carrier, and in combination, the number of RBs included should be smaller than 110 RBs to be able to reuse existing RAN1 specifications

In [5], the following is proposed to limit the patterns of combined standalone CC and “carrier segment” in terms of the number of RBs involved to reduce RAN4 workload:

· The number of RBs of a “carrier segment” should be limited to the current channel bandwidth configurations, i.e. 6, 15, 25, 50, 75, 100

· The number of “carrier segment” in a particular carrier aggregation set should be limited to one

 “Extension carrier”
“Extension carrier” is perceived to have the following characteristics [2]:

· “Extension carriers” are CCs which need to operate with a standalone CC
· “Extension carriers” and related standalone CC(s) can be contiguous or non-contiguous

· PDSCH/PUSCH assignment on “extension carriers” may be indicated via PDCCH transmitted on “extension carrier” itself of related standalone CC(s) (FFS)
· When assigning RBs belonging to both the “extension carrier” and a related standalone CC to a UE in a subframe, one PDCCH is used per carrier and one TB is generated per carrier (per codeword in case of spatial multiplexing)

· In essence, the “extension carrier” is just a CC and the number of RBs belonging to the “extension carrier” may be any one of the current channel bandwidth configuration, i.e. 6, 15, 24, 50, 75, 100

In [5], the following is proposed to limit the patterns of combined standalone CC and “extension carrier” in terms of the number of RBs involved to reduce RAN4 workload:

· The number of RBs of an “extension carrier” should be limited to the current channel bandwidth configurations, i.e. 6, 15, 25, 50, 75, 100

· The number of “extension carrier” in a particular carrier aggregation set should be limited to one

2.2.3
How to deliver information required to access “carrier segment” / “extension carrier”
In order to deliver control information for UEs to utilize “carrier segment” / “extension carrier” in connected mode, several mechanisms can be considered as below:

1) Alt1: Provide by dedicated RRC signaling only

In this mechanism, information for “carrier segment” / “extension carrier” can be provided initially by the RRC message which configures the “carrier segment” / “extension carrier” to be included in the UE’s carrier aggregation set.
When the information for “carrier segment” / “extension carrier” needs to be updated, such information must be delivered to all UEs having the particular “carrier segment” / “extension carrier” in their carrier aggregation set. 

2) Alt2: Provide in related standalone CC(s) by system information broadcast

In this mechanism, information for “carrier segment” / “extension carrier” would be broadcasted in related standalone CC(s).

When the information for “carrier segment” / “extension carrier” needs to be updated, such event can be notified to UEs by invoking the system information modification procedure in related standalone CC(s).

It is noted that with this mechanism, if a “carrier segment” / “extension carrier” is related to multiple standalone CCs, information for the “carrier segment” / “extension carrier” must be delivered in all of these standalone CCs. For example, if there are 2 standalone CCs (#1 and #2), and if it is desired to allow both carrier aggregation sets, i.e. standalone CC #1 plus “carrier segment” / “extension carrier” and standalone CC #2 plus “carrier segment” / “extension carrier”, then the information for the “carrier segment” / “extension carrier” needs to be broadcasted on both standalone CC #1 and standalone CC #2.

It is also noted that this mechanism would not preclude delivery of information for “carrier segment” / “extension carrier” by dedicated signaling at times of handover  and/or addition of “carrier segment” / “extension carrier” to the UE’s carrier aggregation set.
3) Alt3: Provide in the “carrier segment” / “extension carrier” by system information broadcast

In this mechanism, information for “carrier segment” / “extension carrier” would be broadcasted in the “carrier segment” / “extension carrier” itself.

When the information for “carrier segment” / “extension carrier” needs to be updated, such event can be notified to UEs by invoking the system information modification procedure. The PDCCH masked with P-RNTI/SI-RNTI may be transmitted in the “carrier segment” / “extension carrier” itself or in related standalone CC(s) (FFS).
It is noted that with this mechanism, even if a “carrier segment” / “extension carrier” is related to multiple standalone CCs, information for the “carrier segment” / “extension carrier” is only delivered in the “carrier segment” / “extension carrier”. Furthermore, it is noted that the most basic information of the “carrier segment” / “extension carrier”, e.g. the center frequency and bandwidth”, would probably need to be using the mechanisms described in 1) or 2).

It is also noted that this mechanism would not preclude delivery of information for “carrier segment” / “extension carrier” by dedicated signaling at times of handover and/or addition of “carrier segment” / “extension carrier” to the UE’s carrier aggregation set.
In order to evaluate the above three mechanisms, it would be good have an insight of the actual information for “carrier segment” / “extension carrier” which needs to be delivered to UEs. This is assessed in the next section.

2.2.4
Analysis on required (system) information for “carrier segment” / “extension carrier”
The required (system) information in order to operate “carrier segment” / “extension carrier” are assessed in this section.

In order to support “carrier segment” / “extension carrier” some obvious parameters which need to be indicated to the UE are:

· Frequency location of “carrier segment” / “extension carrier“, e.g. their center frequency and bandwidth

It is noted that such parameters are rarely expected to change, and if they are to be reconfigured, the operator will shut the cell down once and then restart the cell with the new configuration. I.e. there is no need to reconfigure these parameters actively (while providing service to UEs on the relevant resource/carrier).

Below, we further provide our first analysis on the need to deliver information in the current Rel-9 MIB, SIB1 and SIB2 for the “carrier segment” / “extension carrier” (“CS” / “EC”), and in the case they need to be delivered, the need for active reconfiguration.
MasterInformationBlock ::=


SEQUENCE {


dl-Bandwidth

-- Need to be delivered.

-- No need for active reconfiguration.

phich-Config

-- No need to be delivered if PHICH is not provided in the “CS” / “EC”.


-- Even if delivered, active reconfiguration is probably not needed.

systemFrameNumber

-- No need to be delivered if SFN can be synchronized with a related standalone CC.

-- Even if delivered, no need for active reconfiguration.
}

SystemInformationBlockType1 ::=

SEQUENCE {


cellAccessRelatedInfo



SEQUENCE {



plmn-IdentityList


-- No need to be delivered as TAU procedures can be based on PLMN Identity of a related


   standalone CC.


trackingAreaCode


-- No need to be delivered as TAU procedures can be based on TAC of a related standalone CC.


cellIdentity


-- No need to be delivered as cellIdentity of a related standalonce CC can be used for


   Procedures involving cellIdentity.



cellBarred


-- No need to be delivered as this is related to Idle mode procedure.


intraFreqReselection


-- No need to be delivered as this is related to Idle mode procedure.


csg-Indication


-- No need to be delivered as csg-Indication of a related standalone CC can be used for CSG


   procedure.


csg-Identity


-- No need to be delivered as csg-Identity of a related standalone CC can be used for CSG


   procedure.

},


cellSelectionInfo

-- No need to be delivered as this is related to Idle mode procedure.

p-Max

-- May need to be delivered.

-- Probably no need for active reconfiguration.

freqBandIndicator

-- May need to be delivered especially if not adjacent to related standalone CC.


-- No need for active reconfiguration.


schedulingInfoList

-- No need to be delivered if SIBs for the “CS” / “EC” are not defined.

-- If delivered, active reconfiguration seems needed.

tdd-Config

-- No need to be delivered if the configuration is aligned with that of a related standalone CC.


si-WindowLength

-- No need to be delivered if SIBs for the “CS” / “EC” are not defined.


-- If delivered, active reconfiguration seems needed.

systemInfoValueTag

-- No need to be delivered if SIBs for the “CS” / “EC” are not defined.

-- If delivered, active reconfiguration seems needed.
}

SystemInformationBlockType2 ::=

SEQUENCE {


ac-BarringInfo

-- No need to be delivered as this is related to Idle mode procedure.

RadioResourceConfigCommonSIB ::=
SEQUENCE {



rach-ConfigCommon


-- No need to be delivered if RACH is not configured on the “CS” / “EC”.



-- Even if RACH is configured on the “CS” / “EC”, no need to be delivered if the



   configuration is aligned with that of a related standalone CC. However, this might not be


   ideal for some parameters, e.g. preambleInitialReceivedTargetPower.



bcch-Config


-- No need to be delivered if SIBs for the “CS” / “EC” are not defined.



-- Even if SIBs are defined for the “CS” / “EC”, no need to be delivered if the



   configuration is aligned with that of a related standalone CC.



pcch-Config


-- No need to be delivered if SIBs for the “CS” / “EC” are not defined.



-- Even if SIBs are defined for the “CS” / “EC”, no need to be delivered if the



   configuration is aligned with that of a related standalone CC.



prach-Config


-- No need to be delivered if PRACH is not configured on the “CS” / “EC”.



-- If delivered, probably needs active reconfiguration.



pdsch-ConfigCommon


-- No need to be delivered if the configuration is aligned with that of a related standalone


   CC.



pusch-ConfigCommon


-- No need to be delivered if the configuration is aligned with that of a related standalone



   CC.



pucch-ConfigCommon


-- No need to be delivered if PUCCH is not configured on the “CS” / “EC”.



-- On the other hand, if PUCCH is not configured on the “CS” / “EC”, some mechanism would be



   needed to avoid dynamic ACK/NACK collision on PUCCH resulting from PUSCH allocations to


   the same RB number across a related standalone CC and the “CS” / “EC”. This might require



   a new parameter which needs to be delivered.


soundingRS-UL-ConfigCommon


-- Probably need to be delivered, but needs further thinking.


-- May need active reconfiguration.



uplinkPowerControlCommon


-- Probably need to be delivered.



-- Probably active reconfiguration is needed.


ul-CyclicPrefixLength


-- No need to be delivered if the configuration is aligned with that of a related standalone



   CC.


}


ue-TimersAndConstants

-- No need to be delivered if RLF monitoring is not performed for the “CS” / “EC”.


-- Even if RLF monitoring is performed, no need to be delivered if the configuration is aligned

   with that of a related standalone CC.

freqInfo






SEQUENCE {



ul-CarrierFreq


-- Need to be delivered.



-- No need for active reconfiguration.


ul-Bandwidth


-- Need to be delivered.



-- No need for active reconfiguration.


additionalSpectrumEmission


-- Need to be delivered, especially if not adjacent to related standalone CC.


-- No need for active reconfiguration.

},


mbsfn-SubframeConfigList

-- No need to be delivered if MBMS is not provided on the “CS” / “EC”.

timeAlignmentTimerCommon

-- No need to be delivered as timeAlignmentTimerCommon of a related standalone CC can be used at


   connection establishment / re-establishment.
}

From the above analysis, the followings are observed:

· There are some control information for the “carrier segment” / “extension carrier” that need to be delivered. Of them, some probably requires active reconfiguration.

· On the other hand, the control information required specifically for the “carrier segment” / “extension carrier” can be significantly reduced by: (1) not configuring L1/L2 control channels (e.g. PHICH, PRACH, PUCCH) on these resources/carriers; and (2) applying a configuration that is common to that of a related standalone CC. 

Conclusion 4: In order to support “carrier segments” / “extension carrier”, there are some control information for “carrier segments” / “extension carriers” that need to be delivered, and some of them requires active reconfiguration.

Conclusion 5: Required control information for “carrier segments” / “extension carriers” can be minimized by not configuring L1/L2 control channels on the corresponding resources/carriers, and also by reusing configuration of some parameters on a related standalone CC for “carrier segments” / “extension carriers”.
2.2.5
Way forward on 2.2.3 taking into account 2.2.4
In this section, we provide our views on the mechanisms to deliver control information for UEs to utilize “carrier segment” / “extension carrier” in connected mode described in section 2.2.3, after taking into account the first assessment on the required control information for the “carrier segment” / “extension carrier” in section 2.2.4.

First of all, given that there would be control information for the “carrier segment” / “extension carrier” that would require active reconfiguration, Alt1 (Provide by dedicated RRC signaling only) is not a preferred way forward. With Alt1, dedicated reconfiguration messages needs to be provided to every connected mode UEs that are configured to have the relevant “carrier segment” / “extension carrier” in the carrier aggregation set. With such an approach, there are concerns on the instantaneous over the air signaling load and eNB control processing load.

Conclusion 6: Control information for “carrier segments” / “extension carries” should be provided via system information broadcast, either on the “carrier segment” / “extension carrier” itself, or on a related standalone CC.

Then, on whether to broadcast control information for “carrier segment” / “extension carrier” on “carrier segment” / “extension carrier” itself or on a related standalone CC would seem to require RAN1 input. For example, transmission of such information on the “carrier segment” / “extension carrier” might not be efficient when relevant bandwidth is small. Also, there does not seem to be much differences in RAN2 procedure point between the two alternatives. Therefore, it is proposed to ask RAN1 to study where such control information should be broadcasted.

Conclusion 7: Ask RAN1 to study whether the control information for “carrier segments” / “extension carries” should be provided via system information broadcast on the “carrier segment” / “extension carrier” itself or on a related standalone CC.

3. Conclusion
This contribution addressed some issues with respect to non-accessible carrier support in LTE-A. The conclusions are summarized below:
Conclusion 1: It is already possible utilizing Rel-8 mechanisms to deploy a carrier that is non-accessible to Idle mode UEs and reducing paging and system information broadcast overhead.

Conclusion 2: Motivation to support “carrier segment” and/or “extension carrier” should come from RAN1/4.
Conclusion 3: RAN2 should provide input to RAN1 on any foreseen impacts to RAN2 work related to “carrier segment” / “extension carrier”.

Conclusion 4: In order to support “carrier segments” / “extension carrier”, there are some control information for the “carrier segments” / “extension carriers” that need to be delivered, and some of them requires active reconfiguration.

Conclusion 5: Required control information for “carrier segments” / “extension carriers” can be minimized by not configuring L1/L2 control channels on the corresponding resources/carriers, and also by reusing configuration of some parameters on a related standalone CC for “carrier segments” / “extension carriers”.

Conclusion 6: Control information for “carrier segments” / “extension carries” should be provided via system information broadcast, either on the “carrier segment” / “extension carrier” itself, or on a related standalone CC.

Conclusion 7: Ask RAN1 to study whether the control information for “carrier segments” / “extension carries” should be provided via system information broadcast on the “carrier segment” / “extension carrier” itself or on a related standalone CC.
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