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1 
Introduction
In this contribution, potential RRM requirements for LTE-WLAN aggregation and interworking (LWA/LWI) WI to be defined in RAN4 are discussed. This is based on the latest agreement [1] in RAN2. 
To ensure specifications consistency, it is strongly recommended that 3GPP should liaise with Wi-Fi Alliance (WFA) to close any specifications gaps to allow the right level of interworking with 3GPP in general for LWA. This will also ensure that WFA certification (with appropriate program) will be the basis for a 3GPP interworking Wi-Fi implementation. 
Proposal 1: 3GPP should liaise with Wi-Fi Alliance (WFA) to close any specifications gaps to allow the right level of interworking with 3GPP in general for LWA.

2 RRM aspects of LTE-WLAN Aggregation
2.1 Measurement
The UE supporting LWA may be configured by the E-UTRAN to perform WLAN measurements. As a baseline, the following WLAN metrics are used: WLAN channel utilization (BSS load), WLAN backhaul data rates, WLAN signal strength (Beacon RSSI). Among those WLAN metrics to be reported to eNB, only WLAN signal strength or Beacon RSSI is required to be measured at UE side. The corresponding requirements have been also specified in WLAN spec as follow 
10.45 Beacon RSSI

Upon receiving a Beacon frame, a STA measures the received signal strength of the Beacon frame (dot11BeaconRssi).  If the Beacon frame is received using multiple receive chains, the Beacon RSSI is averaged in linear domain over all active receive chains.  The Beacon RSSI is reported in dBm.  When operating in frequency bands below 6 GHz, the Beacon RSSI has an accuracy of ± 5 dB (95% confidence interval) within the specified dynamic range of the receiver.  Beacon RSSI may be averaged over time using a vendor specific smoothing function.
To ensure specification consistency, 3GPP spec should define Beacon RSSI measurement accuracy requirement by directly referencing to WLAN spec.

Proposal 2: 3GPP spec should define Beacon RSSI measurement accuracy requirement by directly referencing to WLAN spec. The Beacon RSSI is reported in dBm. When operating in frequency bands below 6 GHz, the Beacon RSSI has an accuracy of ± 5 dB (95% confidence interval) within the specified dynamic range of the receiver.   
In addition to measurement accuracy of Beacon RSSI, the measurement/reporting delay can be another aspect RRM concerns.  

First of all, the channel scan mechanism is briefly summarized and this is all about how frequency Beacon can be measured and how Beacon RSSI is acquired. Basically, there are two types of scan methods:

•
Passive Scan – wait on channel for Beacon from AP

· The Beacon period is NOT guaranteed in Wi-Fi and is a configurable AP parameter.

· The “standard” Beacon period is 100ms, however even Beacons are subject to CS/MA (Listen before Talk) and therefore the period can’t be guaranteed

· Passive scan is allowed in all channels (depending on Geo, it is only allowed to do Passive scan due to regulatory constraints, on up to 25 channels)

•
Active Scan – transmit a “Probe request” on the channel, and wait for response from AP(s)

· The amount of time dedicated to Active scan is really implementation specific. Typically, it is assumed active scan is more frequent than passive scan in average.

· Active scan is only allowed in the limited channel. E.g. 11-14 2.4GHz channels depending on Geo and in the US in up to 10 5GHz channels

It is noted that since operators do not “OWN” the spectrum – therefore there can be multiple APs from different networks on the same channel. This will introduce uncertainty on Beacon availability and period.  
Unlike Cellular modems, Wi-Fi is usually not implemented as an OS Agnostic “closed modem”, and has significant dependencies on OS. Operating Systems use Wi-Fi scans not just for connectivity rather also for location determination and other activities. In many devices, a SINGLE Wi-Fi HW is utilized to provide multiple virtual NICs each for different usages – networking, screen mirroring, and others. This results with the Wi-Fi HW having to manage the requirements of “multiple masters”. This can further introduce the uncertainty of scan speed. Obviously, it will add significant complexity in case one of these masters (e.g. LWA) will require very fast scan. Based on the observation and discussion above, it is not suggested to specify Beacon RSSI measurement delay requirement. 
Proposal 3: No Beacon RSSI measurement/reporting delay requirement is defined in 3GPP spec.

2.2 LTE/WLAN Aggregation Operation: WT addition

Another aspect which may requires to define RRM requirement is WT addition in LWA operation. For example, what’s the maximum delay should WT addition be completed.
The WT Addition procedure is initiated by the eNB and is used to establish a UE context at the WT in order to provide WLAN resources to the UE. Figure 5 shows the WT Addition procedure.
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Figure 1: WT Addition procedure
1. The eNB requests the transfer of UE radio access capabilities for LWA.

2. The UE reports LWA capability, including supported WLAN bands.

It is noted that Step 1 and 2 may not be repeated for every WT Addition if eNB and UE have performed 

these before. These steps should be captured in different section.

3. The eNB configures the UE WLAN measurements.
4. The UE applies the measurement configuration and replies with  RRCConnectionReconfigurationComplete message.

5. The UE acquires WLAN information based on measurement configuration received in step 3. Details of WLAN iformation acsuisition are FFS.

6. The UE sends measurement report to the eNB.

7. The eNB decides to request the WT to allocate WLAN resources for specific E-RABs.

8. If the WT is able to admit the full or partial WLAN resource request, it responds with WT Request Acknowledge.

9. The eNB sends the RRCConnectionReconfiguration message to the UE including the new radio resource configuration.

10. The UE applies the new configuration and replies with RRCConnectionReconfigurationComplete message.
11. The UE performs WLAN Association.

12. The WT sends the WT Association Confirmation message.

Among the aforementioned steps, the concerns in the measurement delay discussion in section 2.1 should also apply to Step 5 (WLAN information acquisition). Due to the reasons identified in section 2.1, it is quite challenge, if not impossible, for 3GPP to force UE complete WLAN information acquisition within a fixed period of time. Also, this will also depend on if the network is not a new Wi-Fi Network and if the STA (UE) has already connected to this network in the past and has the credentials to connect to it.  
In step 11, WLAN association should be performed. The basic procedure of WLAN association is depicted in the figure below (from IEEE802.11-2012 section 12.4 Initial mobility domain association)
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Figure 12-2—FT initial mobility domain association in an RSN




Due to the uncoordinated nature of Wi-Fi (networks, devices), there could be multiple “interfering” transmissions to the flow above, and this should be taken into account.

Proposal 4: the maximum WT addition delay requirement is FFS
3 Conclusion

In this contribution, the potential RRM requirements to be defined is discussed. Two main areas are identified: Beacon RSSI measurement and WT addition delay requirement. Based on the analysis, it is proposed 

Proposal 1: 3GPP should liaise with Wi-Fi Alliance (WFA) to close any specifications gaps to allow the right level of interworking with 3GPP in general for LWA.

Proposal 2: 3GPP spec should define Beacon RSSI measurement accuracy requirement by directly referencing to WLAN spec. The Beacon RSSI is reported in dBm. When operating in frequency bands below 6 GHz, the Beacon RSSI has an accuracy of ± 5 dB (95% confidence interval) within the specified dynamic range of the receiver.   
Proposal 3: No Beacon RSSI measurement/reporting delay requirement is defined in 3GPP spec.
Proposal 4: the maximum WT addition delay requirement is FFS

4 References

[1] R2-153972, “Running 36.300 CR for LTE-WLAN Radio Level Integration and Interworking Enhancement”
_1502864675.vsd
UE


eNB


WT


7. WT Addition Request


8. WT Addition Request Acknowledge


5: WLAN information acquisition


1. UECapabilityEnquiry


2. UECapabilityInformation


3. RRCConnectionReconfiguration


4. RRCConnectionReconfigurationComplete


6. MeasurementReport


9. RRCConnectionReconfiguration


10. RRCConnectionReconfigurationComplete


11. WLAN association


12. WT Association Confirmation



