3GPP TSG-RAN WG2 Meeting #91
R2-153137
Beijing, China, 24 - 28 August 2015
Agenda item:
7.6.2.1
Source:
Nokia Networks
Title:
RRC for LTE-WLAN aggregation 
WID/SID:
LTE_WLAN_radio - Core – Release 13
Document for:
Discussion

1
Introduction
The RRC operation for LWA can be seen as somewhat analogous to dual connectivity: The “WLAN Cell Group” is added to the UE and operates independently, the bearers which are offloaded to the CG are chosen by MeNB, and MeNB is in full control of RRC signalling. 

In this contribution, we consider how the LWA operation can be specified within the RRC specification TS36.331.
2
RRC procedures for LWA 
2.1
Terminology 

As usual, to have the clear basis for the work, some terminology should be assumed for the LWA operation. Since LWA is analogous to DC in many parts, we think it would make sense to follow similar terminology for LWA operation as well.

· “WLAN Cell Group (WCG)”: When LWA is configured, UE has been configured with two RATs: LTE and WLAN. This is similar to DC where UE is configured with two cell groups, MCG and SCG. Therefore, the WLAN could be established as WLAN Cell Group or WCG for short.
· “WLAN Secondary Cell (WSCell)”: There is no “PSCell” in WLAN in the similar sense as in DC. UE is connected to a single WLAN AP, which can be considered to be a “secondary cell”, just via WLAN. Therefore, we could call the WLAN AP as WLAN Secondary Cell or WSCell for short.
· “WCG Radio Bearer (WRB)”: Like with DC, some bearers may be offloaded to WLAN, and similarly, it would be convenient to have a term for such bearers. Therefore, we proposed to use WCG Radio Bearer or WRB for short for bearers offloaded to WLAN.

Proposal 1: Use the terms “WLAN Cell Group (WCG)”, “WLAN Secondary Cell (WSCell)” and “WCG Radio Bearer (WRB)” for LWA in RRC specifications.

2.2
Comparison to RRC procedures in dual connectivity 

Since the LWA follows the design done for dual connectivity, it makes sense to follow the dual connectivity conventions as much as possible. Hence, the starting point for RRC procedures for LWA would be to follow what was done for dual connectivity.

For dual connectivity, a number of functionalities of RRC were modified. It is conceivable that most, if not all of them , might need similar modifications to take the LWA into account. Therefore, Table 1 below shows a comparison on RRC  procedural changes done for dual connectivity and indicates whether similar changes are needed for LWA.
	Dual Connectivity RRC Procedure
	LWA RRC Procedure

	SCG addition/release/change: The addition, change and release of SCG are all done via the RRC message RRCConnectionReconfiguration.
	WCG addition/release/change: Like with DC, it seems feasible to use RRCConnectionReconfiguration for reconfigurations involving changes in WCG. A similar procedure to SCG change could also be needed here. Also, since UE may be changing the AP it uses (as per RAN2#90 decisions), the configuration change is more about changing the WCG than changing the actual AP that the UE uses

	Split/SCG DRB addition/release/modification: The addition, change and release of SCG are all done via the RRC message RRCConnectionReconfiguration. For split bearers, also the UL direction is indicated in PDCP configuration.
	WCG addition/release/change: Like with DC, it seems feasible to use RRCConnectionReconfiguration for reconfigurations involving changes in WCG. A similar procedure to SCG change could also be needed here. Also, since UE may be changing the AP it uses (as per RAN2#90 decisions), the configuration change is more about changing the WCG than changing the actual AP that the UE uses

	Handover & change of SeNB: SCG can only be retained during intra-eNB handover, but this is purely transparent to the UE. 
The change of SeNB is done via RRCConnectionReconfiguration, and works exactly the same as release & addition of SCG.
	Handover & change of WLAN AP: A simple way for Rel-13 would be to do not let LWA survive HO, i.e. LWA configuration is always released during handover. 

RAN2 already agreed that it is up to eNB control whether to allow UE to autonomously change WLAN AP or not. However, it seems reasonable to assume 

	UE capability indications for dual connectivity: The band combinations supporting dual connectivity are indicated by UE within the normal UE capabilities.
	UE capability indications: Similar to DC, UE does need to indicate supports bands and band combinations for LWA. But unlike with DC, the WLAN supported bands have never been specified in LTE specifications, so clearly the signalling may be different unless the WLAN bands are defined as “LTE bands” by RAN4

	Measurements: Some LTE measurement events (i.e. A3 and A5) were modified for DC purposes.
	Measurements: The WLAN measurements have so far never been defined in LTE, so the measurement configuration needs to be  modified to allow those. This topic is considered more in R2-153590.


	Role of PSCell: The PSCell was specified as analogous to PCell, just without RRC capability.

· RLM for PSCell: Since UL is sent towards the PSCell autonomously, RLM is done towards the PSCell. UE also reports the SCG failure to MeNB.
· Activation status: PSCell is always activated.
	Role of WSCell: Since the UE may have some bearers fully offloaded to WLAN (in case of 2C-option), the network has to be able to do flow control for the WLAN part. 

· RLM: Some form of RLM might be needed – see R2-153138 for more details.

· Activation status: The activation/deactivation of WLAN has so far not been considered and is an open issue.


As noted in the table, some questions arise immediately:

1. Whether RLM is needed for WSCell?

· Answer: This issue is more discussed in R2-153138
2. Is a “WCG change” procedure (similar to “SCG change” procedure) needed for LWA?

· Answer: A “WCG change” similar to “SCG change” would mean change of security keys due to change of LWA configuration. This seems overly restrictive, as it is not obvious whether LTE side would have to change security keys due to change in e.g. WLAN AP. Therefore, a “WCG change” procedure might not be needed. 

3. Can we assume LWA and DC are not configured at the same time?

· Answer: So far this issue has been deprioritized, but it has already been commented that LWA could anyway be configured for MeNB without affecting SeNB at all. Therefore, the question is more about whether it should be possible to configure LWA for SeNB?

4. Is there a configuration that comes directly from WLAN AP, and is this configuration included by the eNB in the RRC configuration?
· Answer: It does not seem necessary for LTE eNB to know the exact parameterization of WLAN air interface, therefore it doesn’t seem necessary to have RRC configuration related to how UE utilizes the WLAN radio access.

5. How are the WLAN capabilities defined for LTE? 

· Answer: This issue is discussed more in R2-153136.

6. Is activation/deactivation required for WSCell?

· Answer: The main benefit from deactivation would be power saving for UE. However, since the WLAN operation is anyway fully decoupled from LTE, it is not clear whether any power saving could be achieved through this. Therefore, to simplify the work in Rel-13, RAN2 could assume that WLAN is always activated, given that e.g. the WLAN power saving mode is activated depending on activity. If seen necessary, later releases could reconsider the need for deactivation be again.

7. How are measurements handled in relation to LWA and LWI operation?

· Answer: The measurement configuration of WLAN would logically follow the same logic as done for other inter-RAT measurements: A measurement object and related reporting events can be defined for a particular WLAN frequency. From RRC viewpoint, it would seem best to keep the LWA configuration and the WLAN measurement configuration fully separate, so UE could be configured with measurements but not with LWA (e.g. before LWA is initiated) or not have configured measurements but have LWA configuration (e.g. in collocated case).
See  also R2-153590 for more details on measurement details.

Based on these, we make the following proposals:
Proposal 2: The RRCConnectionReconfiguration is used for WCG- and WRB-related operations.

Proposal 3: Define a new bearer type for bearers that are offloaded to WLAN.

Proposal 4: Do not define activation/deactivation for WSCell.
Proposal 5: A procedure for “WCG change” is not needed.

Proposal 6: There is no need to configure UE with RRC for a “WLAN radio configuration” coming from WT for LWA operation.

Proposal 7: The LWA and WLAN measurements are configured separately in RRC. 

3
Conclusions

We have discussed the basic RRC structure for LWA and it seems the DC principles can be followed in many part. In particular, we propose the following:

Proposal 1: Use the terms “WLAN Cell Group (WCG)”, “WLAN Secondary Cell (WSCell)” and “WCG Radio Bearer (WRB)” for LWA in RRC specifications.

Proposal 2: The RRCConnectionReconfiguration is used for WCG- and WRB-related operations.

Proposal 3: Define a new bearer type for bearers that are offloaded to WLAN.

Proposal 4: Do not define activation/deactivation for WSCell.

Proposal 5: A procedure for “WCG change” is not needed.

Proposal 6: There is no need to configure UE with RRC for a “WLAN radio configuration” coming from WT for LWA operation.

Proposal 7: The LWA and WLAN measurements are configured separately in RRC. 

Further, the annexes A-C show some examples of ASN.1 for various part of LWA configuration. The Annex D also shows the procedural steps that could be done when the LWA operation is initiated and maintained.
Annex A: WRB addition/modification/release Bearer configuration for LWA 

Like with DC, the bearer configuration for LWA needs to be decided: should the WRBs be listed in their own configuration, or added to the existing MCG/SCG DRB lists?

RadioResourceConfigDedicatedWCG-r13 ::=

SEQUENCE {


drb-ToAddModListWCG-r13



DRB-ToAddModListWCG-r13


OPTIONAL, 
-- Need ON


...

}

DRB-ToAddModList ::=



SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddMod
DRB-ToAddModListWCG-r13 ::=

SEQUENCE (SIZE (1..maxDRB)) OF DRB-ToAddModWCG-r13

DRB-ToAddMod ::=
SEQUENCE {


eps-BearerIdentity




INTEGER (0..15)


OPTIONAL,

-- Cond DRB-Setup


drb-Identity





DRB-Identity,


pdcp-Config






PDCP-Config



OPTIONAL,

-- Cond PDCP


rlc-Config






RLC-Config



OPTIONAL,

-- Cond SetupM


logicalChannelIdentity



INTEGER (3..10)


OPTIONAL,

-- Cond DRB-Setup


logicalChannelConfig



LogicalChannelConfig
OPTIONAL,

-- Cond SetupM


...,


[[
drb-TypeChange-r12





ENUMERATED {toMCG}
OPTIONAL,

-- Need OP



rlc-Config-v1250




RLC-Config-v1250

OPTIONAL

-- Need ON


]],


[[
drb-TypeChangeWLAN-r13



ENUMERATED {wcgToMCG}
OPTIONAL

-- Need OP


]]
}

DRB-ToAddModWCG-r13 ::=
SEQUENCE {


drb-Identity-r13




DRB-Identity,


logicalChannelIdentitySCG-r13

INTEGER (3..10)


OPTIONAL,
-- Cond SetupS


logicalChannelConfigSCG-r13


LogicalChannelConfig
OPTIONAL,
-- Cond SetupS


...

}
Annex B: WSCell addition/modification/release 

As with CA/DC, the configuration of WSCells could use a add/modify/release structure, with one WSCell representing one WLAN AP in a group. I.e. in case multiple WSCells are added, UE would then be allowed to use WLAN mobility freely among those cells, as agreed during RAN2#90. 

The below example shows an example of the ASN.1 for the WSCell configuration:

RRCConnectionReconfiguration-v13xx-IEs ::= SEQUENCE {


wcg-Configuration-r13



WCG-Configuration-r13

OPTIONAL, 
-- Cond nonFullConfig

nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

WCG-Configuration-r13 ::=


CHOICE {


release







NULL,


setup







SEQUENCE {


-- WCG configuration 


wcg-ConfigPartWCG-r13



WCG-ConfigPartWCG-r13 

OPTIONAL
-- Need ON


}

}

WCG-ConfigPartWCG-r13 ::=


SEQUENCE {


wsCellToReleaseListSCG-r13

WSCellToReleaseList-r13




OPTIONAL,
-- Need ON


wsCellToAddModListSCG-r13

WSCellToAddModList-r13




OPTIONAL,
-- Need ON


wcgSetup-r13




WCGSetup-r13






OPTIONAL,
-- Need ON

...
}
WSCellToAddModList-r13 ::=

SEQUENCE {

wlan-Id-List-r13




WLAN-Id-List-r13


OPTIONAL,
-- Need ON


...

}

WSCellToReleaseList-r10 ::=


SEQUENCE {

wlan-Id-List-r13




WLAN-Id-List-r13


OPTIONAL,
-- Need ON


...
}

WLAN-Id-List-r13 ::=



SEQUENCE (SIZE (1..maxWLAN-Id-r13)) OF WLAN-Identifiers-r13
WLAN-Identifiers-r13 ::=


SEQUENCE {


ssid-r13





OCTET STRING (SIZE (1..32))


OPTIONAL, 
-- Need ON

bssid-r13





OCTET STRING (SIZE (6)) 


OPTIONAL, 
-- Need ON

hessid-r13





OCTET STRING (SIZE (6)) 


OPTIONAL, 
-- Need ON


...
}

WCGSetup-r13 ::= 
SEQUENCE {


targetWLAN-Id-List-r13


WLAN-Id-List-r13


OPTIONAL,
-- Need ON


-- Target WLANs allowed to be selected by UE, may be more than one AP id


...

}

Annex C: WLAN measurement configuration 

The WLAN measurement configuration should be straightforward to add to the existing MeasConfig IE as a new measurement object. Below we show an example of that
–
MeasObjectToAddModList
The IE MeasObjectToAddModList concerns a list of measurement objects to add or modify

MeasObjectToAddModList information element
-- ASN1START

MeasObjectToAddModList ::=


SEQUENCE (SIZE (1..maxObjectId)) OF MeasObjectToAddMod

MeasObjectToAddModList-v9e0 ::=

SEQUENCE (SIZE (1..maxObjectId)) OF MeasObjectToAddMod-v9e0

MeasObjectToAddMod ::=
SEQUENCE {


measObjectId





MeasObjectId,


measObject






CHOICE {



measObjectEUTRA





MeasObjectEUTRA,



measObjectUTRA





MeasObjectUTRA,



measObjectGERAN





MeasObjectGERAN,



measObjectCDMA2000




MeasObjectCDMA2000,



...,



measObjectWLAN





MeasObjectWLAN

}

}

MeasObjectToAddMod-v9e0 ::=
SEQUENCE {


measObjectEUTRA-v9e0



MeasObjectEUTRA-v9e0

OPTIONAL
-- Cond eutra

}

-- ASN1STOP

	Conditional presence
	Explanation

	eutra
	The field is optional present, need OR, if for the corresponding entry in MeasObjectToAddModList field measObject is set to measObjectEUTRA and its sub-field carrierFreq is set to maxEARFCN. Otherwise the field is not present and the UE shall delete any existing value for this field.


–
MeasObjectWLAN
The IE MeasObjectWLAN specifies information applicable for WLAN APs used for WLAN measurements.

MeasObjectEUTRA information element
-- ASN1START

MeasObjectEUTRA ::=




SEQUENCE {


carrierFreq






ARFCN-ValueWLAN,


-- Cell list


accessPointsToRemoveList


CellIndexList


OPTIONAL,

-- Need ON


accessPointsToAddModList


WLAN-AP-ToAddModList
OPTIONAL,

-- Need ON

...
}

WLAN-AP-ToAddModList ::=



SEQUENCE (SIZE (1..maxCellMeas)) OF CellsToAddMod

WLAN-AP-ToAddMod ::=
SEQUENCE {


cellIndex







INTEGER (1..maxCellMeas),


wlanAP-Id







WLAN-Identifiers-r13,


cellIndividualOffset




Q-OffsetRange

}

-- ASN1STOP

–
ARFCN-ValueWLAN
The IE ARFCN-ValueWLANis used to specify the ARFCN value identifying the WLAN channel, as specified in [FFS].

ARFCN-ValueWLAN information element
-- ASN1START

ARFCN-ValueWLAN ::=


INTEGER (0..1023)

-- ASN1STOP

Annex D: Example of starting LWA operation 
In this chapter, we walk through a procedural example of taking LWA operation into use. This shows the steps and RRC procedures involved in the operation. The description is accompanied by a flow diagram (messages in blue are conveyed via the  RRCConnectionReconfiguration message). 

1. The eNB (possibly based on information received from the UE, e.g. UE capabilities R2-153136), sends the UEs measurement configuration events. For example, events W1 (for addition) , W2  (for AP replacement) and W3 (for AP release) could be used. 

2. As agreed in RAN2#90 meeting, the eNB chooses whether to control WLAN AP selection itself or to whether to leave the selection of an adequate WLAN AP within configured APs up to the UE.  
· The eNB provides the list of WLAN APs to measure for LWA purposes in general

· The serving eNB provides the UEs a list of WLAN APs (also described in section 2.4) indicating the APs within which the UE is free to choose the current WLAN AP for LWA. If only a single AP is indicated, the mobility is fully controlled by the eNB.
· For APs not belonging to the the group, the UE mobility is controlled by the serving eNB.

3. The UE monitors the air interface and when any of the configured events are triggered R2-153590, a measurement report (MR) will be sent to the serving eNB

· Information from the UE MR is processed at eNB to make a decision on how to change UE LWA configuration. 
· The AP will (either periodically, triggered by event like buffer full/empty, or on a need basic) send and receive information to the eNB via the established Xw interface so that the eNB has the  newest information ready when the MR from the UE comes in. This helps the decision making and reduces the latency involved in getting the MR from UE when eNB needs information from AP to make a decision on LWA configuration change.
4. Upon receiving a MR from a UE, the serving eNB will decide if and which WLAN AP will be chosen for LWA for this particular UE. 
· This step may also include further communication and setup with the WT. For example, the BSS average access delay statistic could be used to determine whether it makes sense to start LWA for a particular WLAN AP.
5. The decision of the serving eNB will be communicated to the UE in the form of a WSCell addition/modification/release to the UE. 
6. At HO between two eNBs, if retaining LWA is supported, the source eNB will input the LWA information to target eNB, which then makes a decision whether to continue the LWA after HO. Otherwise the source eNB eNB releases the LWA before HO.
