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1
Introduction
During the RAN2#92 meeting, it was agreed to use only the term “WLAN RSSI” for RSSI measurements over WLAN instead of the “Beacon RSSI” used during Rel-12. This was done since it was pointed out RSSI may be measured also from e.g. probe responses and FILS discovery frames, as is seen from the minutes below excerpted from RAN2#92 report. 

	R2-156896
LS on WLAN measurements
Intel

-
Nokia assume that we can only change release 13. Ericsson think the UE WLAN chip will measure the RSSI in the same way irrespective of R12/13. BlackBerry think that IEEE are evolving their specs and the frames where RSSI can be measurement and that should be transparent to our specs. Apple think this is beneficial.

-
Qualcomm think we need to change Beacon RSSI to WLAN RSSI for example.

-
Intel explain it will be UE choise which frames it is measuring RSSI on. Huawei asks if a UE that does active scanning must measure on these additonal cases. Qualcomm think this is implementation. Intel agree that the UE can choose.

-
ZTE ask why RAN1 should be involved. CATT think the measurement in beacon can be mandatory and on other frames mandatory.Qualcomm think this is the WiFi implementation that we should not discuss.

-
MediaTek think as long as the RAN4 requirements are met it should not matter what the UE uses.

-
Apple think this should be fixed in a generic way for R12 and R13. 

=>
shall to be changed to may

=>
agree to use terminology WLAN RSSI for this Rel-13 WI

=>
whether to do anything to R12 can be considered at a future meeting based on contribution

=>
Revision to be provided in R2-156900
R2-156900
LS on WLAN measurements (to: RAN1, RAN4, RAN3; cc: -; contact: Intel)
Intel Corporation
LS out
related to IEEE LS in R2-156876
Rel-13
LTE_WLAN_radio-Core
=>
Change paragraph to read " RAN2 would like to inform RAN1, RAN3 and RAN4 that RAN2 agreed that, based on UE implementation, RSSI measurements may be performed on 802.11 Beacon or DMG Beacon frames, FILS discovery frames (IEEE 802.11ai) and probe response frames."

=>
Approved in R2-157124.


In this document, we discuss whether this term is sufficiently clear in 3GPP specifications.
2
RSSI measurements in WLAN 

The RAN1 specification 36.214 currently defines the WLAN RSSI like this:

	5.1.16
IEEE 802.11 WLAN RSSI

Definition

The IEEE 802.11 WLAN RSSI is defined in [15].

Applicable for

RRC_CONNECTED inter-RAT, 

RRC_IDLE inter-RAT




However, the IEEE specification 802.11-2012 never mentions “WLAN RSSI” anywhere: Only the terms “DataFrameRSSI” and “BeaconRSSI” are used, which makes it ambiguous as to how UEs would interpret the definition. The original definition in RAN1 was done based on the RAN2 LS R2-157124 to ensure that it is clear how the WLAN RSSI measurement is defined. However, looking further into the IEEE specification 802.11-2012, it is not very clear what the definition of “WLAN RSSI” is. The following fields seem to imply two different RSSI definitions (DataFrameRSSI and BeaconRSSI):
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Name Type | Validrange Description

PeakOperationalRat | Integer As definedin | The integer representing the desired peak

e 8423 ‘modulation data rate used for data frame
transmission.

‘MininumOperation | Integer As definedin | The integer encoding of the desired minimum

alRate 8423 ‘modulation data rate used in data frame
transmission.

NetworkDowntimel | Integer 0-65535 | Desired advance warning time interval. in TU,

nterval for MSGCF-ESS-Link-Going-Down events.

DataFrameRSST | Integer ~100t040 | The received signal strength in dBm of received.

Data frames from the nefwork. This may be time-
averaged over recent history by a vendor-specific
smoothing function

BeaconRSST Tnteger ~1001040 | The received signal strength in dBm of Beacon
frames received on the channel This may be time-

averaged over recent history by 2 vendor-specific
smoothing function





Therefore, we think It would be reasonable to clarify this in RAN1 specification to avoid ambiguities.

Proposal 1: Send LS to RAN1 to change the definition in 36.214 to state “The WLAN RSSI as used in RRC specification [7] is refers to RSSI as defined in IEEE 802.11 specification [15].” instead of the current definition.

This ambiguity in 3GPP definition seems to be arising due to the discussion during RAN2#92, when it was commented that UE may measure RSSI from multiple signals:

· (DMG) Beacon frames: Broadcast from AP (usable for measurements of serving or neighbour APs)

· Probe responses: Unicast to a single UE from serving cell (usable only for measurements of serving AP)

· FILS discovery frames: Broadcast from cell (usable at least for measurements of serving AP, but may be usable for measurements of neighbour APs)

The original intent with these is to allow UEs to measure RSSI when it is convenient and to allow power saving as much as possible. However, the intent is that the UE would typically use BeaconRSSI for AP selection and DataFrameRSSI for use within the serving AP, but this is not captured anywhere in the specification.
Observation 1: The IEEE specification allows a lot of implementation freedom for RSSI measurements of WLAN APs.

Observation 2: It is not clear whether UE uses BeaconRSSI or DataFrameRSSI for WLAN AP selection.

3
Consistency of WLAN event triggering 

As discussed in previous section, since the way WLAN RSSI measurements are done depends on UE implementation, there is no guarantee that even a single UE uses the same signals for measurements of serving and neighbour APs: It might use DataFrameRSSI for serving AP but BeaconRSSI for neighbouring APs.
Observation 3: The “WLAN RSSI” measurements from serving and neighbour APs may be performed differently.

Finally, we note that the WLAN measurement events in RRC specification TS36.331 are defined as follows:
	Event W1:
WLAN becomes better than a threshold;

Event W2:
All WLAN inside WLAN mobility set become worse than a threshold1 and a WLAN outside WLAN mobility set becomes better than a threshold2;

Event W3:
All WLAN inside WLAN mobility set become worse than a threshold.


As can be seen, all events may use measurements of serving AP and neighbour APs.

Observation 4: The WLAN measurement events may trigger based on measurements of different signals. 

Therefore, the question is: Would the results of WLAN RSSI measurement be different if it was measured from different signals? E.g. does the WLAN RSSI measured from beacon frame differ from WLAN RSSI measured from a FILS discovery frame?
3.1
Event W1 

The event W1 was defined for the use case of setting up LWA configuration, more specifically to detect that a UE is close to some WLAN AP. Further, since this would be only used when WLAN mobility set is not configured, LWA is not yet used so the eNB has no knowledge of whether the UE is associated to an AP. In case the UE is already associated to an AP while doing measurements, that AP could provide different results to the eNB. Therefore, some APs might trigger the event differently than others.

Observation 5: Event W1 may trigger differently for two APs even if the received broadcast signal strength from both is equally strong.

Note: In this case, there would likely not be a problem as the serving AP would simply trigger LWA earlier, but the core issue of measurement inconsistency is still there.

3.2
Event W2 

The event W2 was defined for the use case of when UE is still in WLAN coverage but the configured WLAN mobility set coverage is ending, so there should be an update to the UE’s WLAN mobility set. In this case, 

Observation 6: Event W2 may trigger differently AP within mobility set and AP outside the mobility set.

3.3
Event W3 

The event W2 was defined for the use case of when UE is still in WLAN coverage but the configured WLAN mobility set coverage is ending, so there should be an update to the UE’s WLAN mobility set.

Observation 7: Event W1 may trigger differently for two APs even if the received broadcast signal from both is equally strong.

4
Way forward with WLAN RSSI 
The primary issue with the WLAN RSSI measurements is that the signal from serving AP may be beamformed, whereas the UE always only measures broadcast signals from other APs. If the UE uses the beamformed signal from serving cell, the UE measurements may be reflected inconsistently in the WLAN measurements sent to eNB, making it more difficult to do RRM for LWA. However, we acknowledge that presumably typical UEs would do the measurements based on beacon RSSI, and 3GPP cannot change the WLAN measurement definitions in anyway. Therefore, we would observe that there may exist some inconsistency with WLAN measurements. 
Observation 8: While WLAN RSSI used for 3GPP measurements should typically be measured from broadcast signals, i.e.using BeaconRSSI., there is no guarantee of that.
Proposal 2: RAN2 to discuss whether observation 8 requires any RAN2 actions.

5
Conclusions 

We have discussed the WLAN RSSI and its definition and observed the following: 

Observation 1: The IEEE specification allows a lot of implementation freedom for RSSI measurements of WLAN APs.

Observation 2: It is not clear whether UE uses BeaconRSSI or DataFrameRSSI for WLAN AP selection.

Observation 3: The “WLAN RSSI” measurements from serving and neighbour APs may be performed differently.

Observation 4: The WLAN measurement events may trigger based on measurements of different signals. 

Observation 5: Event W1 may trigger differently for two APs even if the received broadcast signal strength from both is equally strong.

Observation 6: Event W2 may trigger differently AP within mobility set and AP outside the mobility set.

Observation 7: Event W1 may trigger differently for two APs even if the received broadcast signal from both is equally strong.

Observation 8: While WLAN RSSI used for 3GPP measurements should typically be measured from broadcast signals, i.e.using BeaconRSSI., there is no guarantee of that.

The conclusion is that the definition of WLAN RSSI is not extremely clear, which may lead to inconsistency with different UE measurements. Therefore, we propose to clarify that the WLAN RSSI should always be measured from broadcast signals.

Proposal 1: Send LS to RAN1 to change the definition in 36.214 to state “The WLAN RSSI as used in RRC specification [7] is refers to RSSI as defined in IEEE 802.11 specification [15].” instead of the current definition.

Proposal 2: RAN2 to discuss whether observation 8 requires any RAN2 actions.

