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1   Introduction

During the discussion of the RAN2#69bis meeting [1], one of open issues for further investigation is the startup procedure of RN, which includes the process of initial subframe configuration and Un/Uu activation. The majority of companies agree that the activation of any subframe configuration on Un is done by RRC; and there is potential occasion to reconfigure the subframe allocation on Un [2]. This contribution elaborates initial and reconfiguring mechanisms of the Un subframe allocation in the relay system, and proposes that those procedures shall be included in TS 36.300. Required modification of RRC message associated with those proposed procedures are also described in details as a reference.
2   Discussion
2.1   To initiate the Un subframe allocation 

During the RN attach procedure, RN setups its initiate subframe configuration for the Un interface. Based on [3], RN is preconfigured in DeNB. After RN is authenticated by HSS, DeNB can differentiate RN by the indicator of RN, e.g. SPID, in the S1 message and start to utilize RN specific initial procedure to setup the RN configuration and the Un activation. 
The proposed timing to initiate and activate the initial Un subframe allocation happens at the same time when the dedicated radio bearer is created by DeNB, which is used to deliver S1 and X2 control messages over Un. DeNB selects the Un subframe configuration and then piggybacks the initial Un subframe configuration in RRCConnectionReconfiguration to RN. The proposed procedure could be commonly used by all three types of RN to create DRBs for transporting S1AP and X2AP control signalling over Un. 
The basic RN configurations for Un, e.g. Un subframe configuration, could be downloaded from OAM of DeNB or statically configured at DeNB. However, RN and DeNB may be from different vendors. In order to support the multi-vendor environment and minimize the complexity of OAM IOT, basic RN configurations for Un, e.g. Un subframe configuration, should be kept in its DeNB(s). Because the procedure to download configurations from OAM happens before creating the dedicated bearer for S1/X2 control messages, combining the Un subframe configuration with the dedicated bearer creation would allow RN configurations stored locally or downloaded from OAM. 
Furthermore, the response of RRCConnectionReconfiguration, RRCConnectionReconfigurationComplete, can be utilized to notify DeNB as the confirmation for the Un activation. The benefit of adopting this mechanism is that it requires no extra message to active the Un interface. The mechanism of piggybacking the Un subframe configuration and activating the Un interface within one RRC reconfigure procedure can be applied to the initial attach procedure of RN and reconfiguring/re-activating the Un link during the RLF recovery. This proposed mechanism reduces standard impacts by the reuse Rel-9 attach procedure of UE. Also, it is applicable to all types of RN. The initial attach procedure of RN is depicted in the figure 2-1.
It is noted that the method for the initial Un subframe configuration downloaded from OAM without DeNB’s involvement would have several drawbacks as discussed during last meeting. It requires further study whether the initial Un subframe configuration downloaded from OAM can fully support the static and semi-dynamic allocations of radio resources of the relay link without further modifications of the Un subframe configuration even if all RNs are pre-planed and deployed by the operator. Alternatively, the proposed mechanism of DeNB making decision for the Un subframe configuration allows DeNB reusing the mechanism that eNB allocates the radio resource for UEs with the specific QCI. The only different is that a RN requires more GBR for its wireless backhaul relay link than a normal UE. Finally, utilizing RRC to activate the initial Un subframe configuration at the same time when DeNB creates dedicated radio bearers for the control and data plane transport over Un allows DeNB to adjust the Un subframe allocation that achieves better radio resource utilization than by OAM along.
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Figure 2-1: RN attach procedure for three types of RN
2.2   To reconfigure the Un subframe allocation
The reasons for a DeNB reconfiguring the Un subframe allocation while RN is in operational are listed below.
· For load balancing between Un and Uu of RN, DeNB modifies the Un subframe configuration to support the traffic of UE (under RN) or to the extend coverage and accommodate new traffic from a new RN. 
· There is RLF in the RN; and RN requires reallocating the Un subframe configuration for improved channel quality in the relay link. 

· If the MBMS service is adopted in the relay system and there is collision between two Un subframe utilizations, DeNB needs to re-adjusts the Un subframe allocation to support MBMS services.
· To Avoid Un subframe collision between Un and Uu of DeNB, e.g. to support a specific HARQ scheme
Figure 2.2-1 shows that for bearers updated during the UE attach procedure or supporting UE traffic, DeNB could reconfigure its Un subframe configuration to enhance the cell capacity. Figure 2.2-2 describes the update/reconfiguration of backhaul for RLF recovery procedure, where DeNB reconfigures its Un subframe configuration during the recovery procedure of RLF., When RN adopts MBMS service or supports specific HARQ schemes, DeNB could reconfigures its Un subframe configuration to avoid the Un subframe collision, which is depicted in Figure 2.2-3. 
Even though the operator might statically allocate the bandwidth for the backhaul link over Un, the reconfiguration of Un subframe allocation is still necessary. Although RN does not require reconfiguring Un subframe allocation for each UE attachment or for the admitted GBR services, the flexibility to perform the subframe reconfiguration over Un is still required to handle problems caused by RLF, MBMS services and subframe collisions because of HARQ schemes. 
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Figure 2.2-1: The update/reconfiguration of backhaul to support cell capacity
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Figure 2.2-2: The update/reconfiguration of backhaul for RLF recovery procedure
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Figure 2.2-3 The update/reconfiguration of backhaul to avoid collision
Because the radio resources of the Un interface are controlled by DeNB, utilizing RRC to reconfigure the Un subframe configuration allow DeNB to adjust radio resources on demand. When there is a need for DeNB to enhance its cell capacity, to recovery RLF problem, to apply MBMS services, and to avoid collisions between Un and Uu, DeNB could efficiently utilizes RRC to adjust the Un subframe configuration. 
However, if OAM instead of DeNB is used to reconfigure the Un subframe configuration, the Un subframe reconfiguration downloaded from OAM may not be up-to-date to the current status of the resources utilization in the Un interface. That is, some signals are required to keep DeNB, MCE (for MBMS services) and OAM synchronized on the state of the subframe configurations. Additionally, supporting a mechanism of the radio resource assignment in the OAM introduces extra complexities of OAM IOT in a multi-vendor environment. Even though OAM could be used to statically or infrequently semi-statically reconfigure the Un subframe allocation, DeNB still has to perform the subframe reconfiguration over Un to handle problems caused by RLF, MBMS services and subframe collisions because of HARQ schemes.
2.3   RRC enhancement for Un subframe (re)configuration
The RRC reconfigure procedure is reused to initiates and re-configures the Un subframe configuration. An example to specify the configuration of Un interface is described below.
-- ASN1START

RRCConnectionReconfiguration ::=
SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionReconfiguration-r8

RRCConnectionReconfiguration-r8-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionReconfiguration-r8-IEs ::= SEQUENCE {


measConfig






MeasConfig





OPTIONAL,
-- Need ON


mobilityControlInfo




MobilityControlInfo



OPTIONAL,
-- Cond HO


dedicatedInfoNASList



SEQUENCE (SIZE(1..maxDRB)) OF












DedicatedInfoNAS


OPTIONAL,
-- Cond nonHO


radioResourceConfigDedicated

RadioResourceConfigDedicated
OPTIONAL, -- Cond HO-toEUTRA


securityConfigHO




SecurityConfigHO



OPTIONAL,
-- Cond HO


nonCriticalExtension-v9x0


RRCConnectionReconfiguration-v9x0-IEs
OPTIONAL
-- Need ON

}

RRCConnectionReconfiguration-v9x0-IEs ::= SEQUENCE {


reportProximityConfig-r9


ReportProximityConfig-r9

OPTIONAL,
-- Need ON

nonCriticalExtension-v10x0


RRCConnectionReconfiguration-v10x0-IEs
OPTIONAL
 -- Need ON
}

RRCConnectionReconfiguration-v10x0-IEs ::= SEQUENCE {


Un-Config






UN-Config





OPTIONAL, 
-- Cond Un
     ...
nonCriticalExtension



SEQUENCE {}





OPTIONAL
-- Need OP

}

UN-Config::= SEQUENCE {


Un-SubframeConfigList

UN-SubframeConfigList

OPTIONAL, 
-- Cond UnSubframe

UpdatedSIList





SEQUENCE {}




OPTIONAL
-- Cond UnSIUpdate
    ...
}

UN-SubframeConfigList ::= 

SEQUENCE (SIZE (1..maxUNSubframeRecs)) OF UN-SubframeConfig

UN-SubframeConfig ::=




SEQUENCE {}
(The rest is omitted)
	RRCConnectionReconfiguration field descriptions

	UN-Config
Defines the Relay configuration that are reserved for the Relay link.

	UN-SubframeConfigList
Defines the Un subframes that are reserved for the Relay link.

	UpdateSIList
Defines the SI updates that are reserved for the Relay link.


	Conditional presence
	Explanation

	Un
	The field is mandatory present in case of Un interface, especially for Type 1 RN; otherwise the field is not present.

	UnSubframe
	The field is mandatory present in case of specific Un subframe initiation and reconfiguration required; otherwise the field is not present.

	UnSIUpdate
	The field is mandatory present in case of SI updates required to transfer; otherwise the field is not present.


Table 2.3-1 modified RRCConnectionReconfiguration message
If DeNB obtains the RN capability by the RRC message of UECapacityInformation, DeNB would decide whether Un subframe configuration is necessary for each type of RN.
· For the Type 1 RN, the specific Un subframe allocation is piggybacked in RRCConnectionReconfiguration. After successful activation of the Un subframe configuration in RN, RN starts monitor R-PDCCH and sends RRCConnectionReconfigurationComplete to the DeNB. DeNB confirms the activation of the Un subframe configuration by RRCConnectionReconfigurationComplete. 
· For Type 1a/1b RN, the Un subframe configuration is similar to the Uu subframe configuration applied for UEs. The specific Un subframe allocation is not necessary. Thus, there is no specific Un subframe configuration piggybacked in the RRC Reconfiguration procedure. When DeNB receives RRCConnectionReconfigurationComplete, there is no Un specific action required.
2.4   RRC enhancement for SI update

For Type 1 RN, because of the MBSFN subframe limitation, RN won’t receive the system information updates sent from DeNB after the Un interface is activated. Base on the agreement in [3], DeNB utilizes a dedicated RRC signaling to inform RN about DeNB SI updates. There are two mechanisms to carry the modification of system information. One is to piggyback the DeNB SI updates in the reconfiguration procedure depicted in the table 2.3-1. The other is to send the DeNB SI updates in a RRC message. 
For the case of sending the DeNB SI updates in a RRC message, there is a consequence of creating a new RRC message, which introduces standard impacts. Hence, reusing the existing RRC messages, e.g. DLInformationTransfer, could reduce the standard impact. An example of modification DLInformationTransfer to support the DeNB SI update is depicted in the table 2.4-1. 
DLInformationTransfer message
-- ASN1START

DLInformationTransfer ::=


SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




dlInformationTransfer-r8


DLInformationTransfer-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

DLInformationTransfer-r8-IEs ::=
SEQUENCE {


dedicatedInfoType




CHOICE {



dedicatedInfoNAS




DedicatedInfoNAS,



dedicatedInfoCDMA2000-1XRTT


DedicatedInfoCDMA2000,



dedicatedInfoCDMA2000-HRPD


DedicatedInfoCDMA2000


},


nonCriticalExtension-v10x0


DLInformationTransfer-v10x0-IEs
OPTIONAL
 -- Need ON
}

DLInformationTransfer-v10x0-IEs ::= SEQUENCE {


Un-DLInformation




SEQUENCE {}




OPTIONAL, 
-- Cond UnInfo
     ...
nonCriticalExtension



SEQUENCE {}




OPTIONAL
-- Need OP

}

-- ASN1STOP

	RRCConnectionReconfiguration field descriptions

	UN-DLInformation
Defines the SI updates that are reserved for the Relay link.


	Conditional presence
	Explanation

	UnInfo
	The field is mandatory present in case of SI updates required to transfer; otherwise the field is not present.


Table 2.4-1 modified DLInformationTransfer message
3   Conclusion

We have analyzed the subframe configuration in the Un interface and conclude the following. 
1. In order to support a multi-vendor environment and minimize the complexity of OAM IOT, DeNB shall utilize the RRC message for the initial Un subframe configuration. 
2. Fro Type 1 relay, DeNB selects the Un subframe configuration and piggybacks the initial Un subframe configuration in the RRC reconfigure procedure. 
3. The Un activation and the initial Un subframe configuration are combined within one RRC reconfigure procedure that creates DRBs for transporting S1AP and X2AP control signalling messages over Un.
4. If DeNB requires configuring and sending the SI updates to RN at the same time, the update SI shall be carried within the RRC reconfigure procedure. 
5. If DeNB requires sending the SI updates to RN independently an existing RRC message, e.g. DLInformationTransfer, shall be used to reduce the standard impact.
Proposal 1: Configuring the initial Un subframe configuration and activating the Un interface are piggybacked within the RRC reconfigure procedure that is used by DeNB to create dedicated bearers for the control and user plane transport over Un. 
Proposal 2: Add the proposed startup procedure of RN and reconfigure procedure in relevant sections of the TS 36.300.
Proposal 3: If DeNB requires configuring Un and informs SI updates to RN simultaneously, the SI updates shall be carried within RRC reconfigure procedure. Otherwise, DeNB shall reuse the DLInformationTransfer for the SI updates over Un, if needed. 
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