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1 Introduction
In this paper we discuss various enhancements to the RRM measurement framework that we consider beneficial in the context of LAA. Specifically, we discuss the need for reporting RSSI (noise & interference) measurements and the usefulness of WLAN specific measurements in the context of LAA.
2 Discussion
At the last RAN2 meeting it was agreed that “RRM measurements (e.g. RSRP/RSRQ) on LAA cell can be used to configure, activate and de-configure LAA cells (as for SCells on licensed carriers)”. 
Beyond these RRM purposes an eNB will have to perform carrier selection in order to find suitable LAA carriers with few other nodes in proximity and preferably low load. To find such channels an eNB may temporarily measure on candidate carriers and attempt to detect other LAA cells and WLAN APs. However, while the eNB is actively operating its own serving cells it will have little time to also measure on other carriers. In addition to its own measurements the eNB may request RRM measurements from its UEs in order to become aware of possible hidden nodes. Such inter-frequency RSRP measurements will reveal the physical cell IDs of neighbour cells and can in addition help to avoid PCI confusion and collision. 
2.1 WLAN Measurements

Besides other (operators’) eNBs, WLAN APs may also be operating in proximity of the UEs. In order to reliably detect those, UEs supporting WLAN could measure for WLAN APs and provide their results to the eNB. Such WLAN measurements were already agreed to be introduced in the context of “LTE-WLAN Radio Level Integration”. They will reveal beacon RSSI measurements including BSSIDs and possibly other information and thereby assist the eNB to identify the most suitable carriers for its LAA cells, i.e. a carrier where no WLAN APs, or only WLAN APs which will not generate strong interference operate.

Observation 1 WLAN measurement reports are beneficial in the context of LAA for selecting a suitable LAA carrier and for discovering WLAN access points in proximity.

At the previous RAN2 meeting it has been agreed to “extend the RRM measurement framework by adding WLAN measurement reporting” and that “as baseline the measurement metrics defined in Rel-12 for RAN rules are supported for reporting”. Those metrics are the following according to 36.304:
· WLAN Beacon RSSI as defined in [1]. 
· WLAN channel utilization as defined in subclause 8.4.2.30 in [2]. 
· WLAN DLBandwidth as defined in subclause 9.1.2 in [3].

· WLAN ULBandwidth as defined in subclause 9.1.2 in [3].

Besides these metrics we consider the following WLAN metrics useful for the purpose of LAA carrier selection when available: 
Channel Load Report: The WLAN Channel Utilization used in the context of WLAN interworking is provided by the WLAN AP in the beacon report and reflects the channel load perceived by the AP. For LAA, but possibly also in the context of LTE+WLAN Aggregation, it would be useful for the RAN to know the channel utilization observed by the UE (i.e., the STA). The Channel Load Report (subclause 8.4.2.24.5 in [2]) provides the proportion of measurement duration for which the measuring STA determined the channel to be busy.
Proposal 1 The Channel Load as observed by the UE (see subclause 8.4.2.24.5 in [2]) can be requested by the eNB and reported by the UE as part of the WLAN RRM measurement reporting defined in the “LTE-WLAN Radio Level Integration” WI. 

RPI/Noise Histograms: The RPI-Histogram is a histogram of the received power of WLAN signals observed at the antenna. The histogram has 8 pre-defined bins and the report indicates the duration over which the measurements were performed. According to [2] subclause 8.4.2.24.4 this metric is intended “to assist in the choice of new channel” and for the same purpose we consider it useful also in the context of LAA when the measurement is available.
The Noise Histogram Report defined in subclause 8.4.2.24.6 of [2] provides a histogram but using the IPI densities, as defined in 10.11.9.4. IPI is an “indication of the total channel power (noise and interference) as measured in the channel at the receiving antenna connector while the station (STA) is idle, i.e., neither transmitting nor receiving a frame”. That means, the Noise Histogram records the received power of non-802.11 signals, including signals from LAA cells.
Proposal 2 The RPI- and/or Noise Histogram as observed by the UE (see subclause 8.4.2.24.4 and 8.4.2.24.6 in [2]) can be requested by the eNB and reported by the UE as part of the WLAN RRM measurement reporting defined in the “LTE-WLAN Radio Level Integration” WI. 

Frame Report: The Frame Report provides detailed information about recent transmissions. Specifically, “The measuring station shall count the number of individually addressed data and management frames received from one transmit address during the measurement duration and shall summarize this traffic in a Frame Report Entry”. “Each Frame Report Entry contains the Transmit Address, BSSID, PHY Type, Average RCPI, Last RSNI, Last RCPI, Antenna ID, and Frame Count for the frames counted in this Frame Report Entry”. Such a report could provide the eNB with information about the transmitting stations in proximity including the amount of data that these stations transmit and the signal strength observed by the UE. Such information, when available, is expected to give a quite accurate estimate of the actual load on a channel and thereby allows the eNB to estimate the channel capacity it could use when selecting this channel as an LAA carrier. 
Proposal 3 The Frame Report (see subclause 8.4.2.24.8 in [2]) can be requested by the eNB and reported by the UE as part of the WLAN RRM measurement reporting defined in the “LTE-WLAN Radio Level Integration” WI. 
2.2 LTE RSSI Measurement

Even though LTE RSRP/RSRQ measurements are viable and important for LAA carrier selection and WLAN Beacon measurements can provide additional information when available, UEs may not always be able to obtain them quickly, or in a power efficient manner especially when carrier selection must be performed from a large set of carriers in unlicensed spectrum. As is the case for licensed carriers, both intra-frequency and inter-frequency RSRP and RSRQ measurements are needed but in particular for carrier selection, inter-frequency measurements are essential. Depending on the UE capabilities and on the already configured carriers, a UE may or may not need measurement gaps in order to perform inter-frequency measurements on an LAA carrier. However, in order to ensure fair spectrum sharing, the eNB cannot transmit reference symbols in every subframe. Possibly the occasions of the (sparse) reference symbols are even variable in time. In particular, when the UE requires measurement gaps, the number of reference signals occurring in such a gap could be low and the timing of the reference signals within the gap could vary. In some instances, there may be no reference signals transmitted within a measurement gap period due to lack of access to the channel. Hence the UE may need more time and hence more energy to obtain a valid measurement result on a carrier in unlicensed spectrum. The measurement complexity could be further exacerbated by the potential availability of a large number of carriers to choose from in unlicensed spectrum.
Observation 2 Performing inter-frequency measurements on an LAA carrier may take longer time and consume more power than on a carrier in licensed spectrum due to the sparse and potentially intermittent reference signal occurrences. The potentially large number of LAA carriers in unlicensed spectrum can further increase measurement complexity.
For its own serving cells the eNB would likely be aware of the planned reference signal occurrences and may hence be able to configure appropriate measurement gaps. However, the reference symbol occasions of other eNBs and of WLAN APs will not be known and hence UEs may need more time to find those and to obtain valid measurement results. 
RAN1 discussed reporting of RSSI measurements from the UE to the network and we think that such measurements of noise and interference could be a simple and useful tool to assist the eNB in carrier selection. This is because the RSSI measurements would reveal high interference on a carrier without incurring the complexity of detecting the actual reference symbols specific to certain eNBs or APs and they would show interference caused by LAA eNBs as well as by WLAN APs. 
Observation 3 RSSI (interference and noise) measurement reporting is a useful, fast and hence battery efficient way to assess the load of candidate LAA carriers. 
An eNB will aim to find a relatively empty carrier (i.e. a carrier for which the RSSI is relatively often below the Clear Channel Assessment (CCA) threshold). The interference seen by the UE may disturb the reception of the eNB’s downlink transmission and prevent the UE from performing a scheduled UL transmission (if the UEs perform LBT for UL). An example with three carriers is shown in Figure 1below.
In this example, an eNB hears transmissions from the purple node and could exclude carrier 1 if considered too busy. Which of carrier 2 and carrier 3 is best depends on the UE’s situation. In this particular example the UE is close to the orange node (which is active 10 % of the time) and far away from the blue node (which is active 90 % of the time).
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Figure 1: Hidden node example.

An average RSSI measurement can be helpful to identify a completely empty carrier, but it does not generally provide appropriate input for channel selection. In the example above, the average RSSI could yield the same result for two carriers which are very different (as shown in Figure 2 below).

[image: image2]
Figure 2: Average RSSI
The situation in these two carriers is very different but the average RSSI is not going to reveal that.

Observation 4 Average RSSI by itself is not always sufficient to determine which carrier should be used.
So the best thing would be to report how often the RSSI is at certain levels. For example, the UE could report that RSSI for carrier 2 is at a high level 10 % of the time, and that the RSSI is below the CCA threshold 90 % of the time, and for carrier 3 the RSSI is low (but still above the CCA-threshold) 90 % of the time and below the CCA threshold 10 % of the time. How much granularity is needed, i.e. the number of levels, depends on whether the cell (which the eNB plans to setup) should be used for downlink and/or for uplink communication.
For downlink, this information is useful as the eNB can see how often a UE is expected to be interfered by hidden nodes and if so how strong the interference would be. For instance, in the above example the UE will experience downlink interference on carrier 2 only 10 % of the time, but when interfered, the interference will be strong. On the other hand, on carrier 3 the UE will experience downlink interference 90 % of the time but the interference will be lower. So if the eNB intends to use the cell for downlink transmissions it is feasible to use carrier 3 with a robust MCS.
For uplink, this information will be useful to judge how often the UE is expected to be able to access the channel. To determine this, the eNB only needs to know how often the RSSI is above or below the CCA threshold. So there is no need to report RSSI with a high granularity (i.e. many levels).
Observation 5 For channel selection, it is beneficial for the UE to report how often the RSSI is at certain levels.

Proposal 4 The UE reports RSSI measurements as a histogram. The eNB indicates the number and ranges of the bins. 

Even though RSSI measurements are expected to be simple and relatively quick to obtain, the eNB will usually not want them for all carriers. For example, when performing carrier selection, the eNB will be interested in carriers on which it is currently not operating a cell but on which it would generally be able to configure one. Therefore the eNB should be able to configure RRM RSSI measurements for a set of carriers, i.e., as for other LTE RRM measurements, it configures a measurement object for each carrier. 
Proposal 5 The eNB indicates which carriers(s) the UE should report RSSI for.

As elaborated above, we expect that RSSI measurements will primarily be used for carrier selection and that will typically be triggered by the eNB (e.g. when the load and interference on the current serving cells is too high). On the contrary, we do not expect the eNB to perform carrier selection as soon as RSSI-conditions observed by UEs become particularly good. Therefore we do not see a need for event-based RSSI measurements; instead one-shot (periodic) RSSI measurements seem to be sufficient. At the physical layer, the one-shot measurement may be compiled using measurements over a period of time spanning, for example, many DMTC periods.
Proposal 6 RSSI should be measured with one-shot measurements (i.e. no measurement events which trigger upon good/bad RSSI conditions are required). 

2.3 Layer-3 filtering for RSRQ/RSRP
When the UE performs RRM measurements, the UE will apply layer 3 filtering. This filtering is done in RRC. RRC receives from the physical layer a new measurement (M), this new measurement is filtered by the following equation. One motivation for the filtering is to avoid the UE triggering a measurement report just due to a temporary spike in e.g. RSRP.
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On LAA cells the eNB will drop some transmissions and hence the UE will not have any signal to measure on as shown in the example in the figure below. In this example, the fourth transmission is dropped by the eNB and hence the detected received signal strength from the eNB will be zero, i.e. the UE will detect DTX. If the UE detects DTX the UE should not average this measurement in to the result. Assuming that the physical layer will not report anything to RRC when DTX is detected then no changes needs to be done to RRC.
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Proposal 7 RAN2 assumes that the physical layer will not report any RSRP/RSRQ measurement samples to RRC when the UE detects DTX and hence the existing layer-3 filtering mechanism will work.

3 Conclusion

Based on the discussion in this contribution we propose the following:
Proposal 1
The Channel Load as observed by the UE (see subclause 8.4.2.24.5 in [2]) can be requested by the eNB and reported by the UE as part of the WLAN RRM measurement reporting defined in the “LTE-WLAN Radio Level Integration” WI.
Proposal 2
The RPI- and/or Noise Histogram as observed by the UE (see subclause 8.4.2.24.4 and 8.4.2.24.6 in [2]) can be requested by the eNB and reported by the UE as part of the WLAN RRM measurement reporting defined in the “LTE-WLAN Radio Level Integration” WI.
Proposal 3
The Frame Report (see subclause 8.4.2.24.8 in [2]) can be requested by the eNB and reported by the UE as part of the WLAN RRM measurement reporting defined in the “LTE-WLAN Radio Level Integration” WI.
Proposal 4
The UE reports RSSI measurements as a histogram. The eNB indicates the number and ranges of the bins.
Proposal 5
The eNB indicates which carriers(s) the UE should report RSSI for.
Proposal 6
RSSI should be measured with one-shot measurements (i.e. no measurement events which trigger upon good/bad RSSI conditions are required).
Proposal 7
RAN2 assumes that the physical layer will not report any RSRP/RSRQ measurement samples to RRC when the UE detects DTX and hence the existing layer-3 filtering mechanism will work.
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5 Annex

Below is a text proposal for the TR which captures the proposals in this contribution.
	7.2.2.4 RRM Measurement and reporting

In Rel 12, discovery reference signals (DRS) were introduced in order to allow a cell to alternate dynamically between On and Off states. As illustrated in Figure 7.2.2.4 – 1, Rel. 12 DRS works by configuring the UE with a DMTC (discovery measurement timing configuration) which includes subframes on which the UE performs RRM measurements. The UE may not assume transmission of reference signals outside of the configured subframes.
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Figure 7.2.2.4 -1: DRS transmission pattern for FDD 
With DRS as starting point, from RRC protocol point of view, it is considered feasible to perform the RRM measurement and reporting for LAA. RRM measurements (e.g. RSRP/RSRQ) on LAA cell can be used to configure, activate, de-configure LAA cell (as for SCells on licensed carriers).

Editor’s Note: Further input from RAN1 is required (e.g., how DRS differs from Rel-12; …).

7.2.2.4.1
RRM measurements for channel selection
To perform a good channel selection the eNB should, when setting up a cell, try to select a carrier which is relatively empty in terms of channel occupancy and interference. The eNB may do this by performing measurements on the candidate carrier and selecting a carrier which is particularly empty. However, if the eNB selects a carrier only based on its own measurements then the channel selected may not be suitable from the UEs’ point of view as there may be hidden nodes which the UEs can detect but the eNB cannot. The eNB may be able to detect that there are hidden nodes when the eNB has deemed the channel is empty but later the UEs report poor channel conditions e.g. by indicating poor CQI measurements. If that is the case the eNB can do channel selection one more time to select another carrier.
To avoid such a trial-and-error scheme it is beneficial that the UE reports measurements which may reveal hidden nodes on the candidate carrier before the actual carrier selection. In case of hidden LAA-nodes existing measurement could be used (RSRP/RSRQ). In case of hidden WLAN APs the WLAN measurement reports as specified in the work item LTE-WLAN Radio Level Integration can be useful. In addition to the WLAN metrics already available in the LTE-WLAN Radio Level Integration work item, it would be beneficial that the UE reports Channel Load Report, RPI/Noise Histograms and Frame Report (described in [IEEE 802.11, Part 11: "Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY) specifications, IEEE Std.".]).
However, performing inter-frequency RSRP/RSRQ and WLAN measurements on an LAA carrier may take longer time and consume more power than on a carrier in licensed spectrum due to the sparse and potentially intermittent reference signal occurrences. The potentially large number of LAA carriers in unlicensed spectrum can further increase measurement complexity. Therefore, RSSI (interference and noise) measurement reporting is a useful, fast and hence battery efficient way to assess the load of candidate LAA carriers. It should be provided in the form of a histogram where the UE reports how often the RSSI is measured at certain levels. The ranges and number of bins in the histogram depend on the scenario and for example on whether the cell which the eNB is planning to configure will be used for DL and/or UL. Therefore the eNB should be able to configure the number of and ranges of the bins used for the RSSI histogram.



6/7


[image: image6.png]=

Carrier2
Occupancy: 10 %

=

Carrier3
Occupancy: 90 %



[image: image7.png]RSSI
Channel2

RSSI
Channel3

_Averaging window

Averaging window

\ Time

CCA threshold

Time

=== X dBm

=== X dBm



[image: image8.png]Time



_1009236822.unknown

_1491913438.vsd
�

DMTC period


DRS


DMTC period


DMTC period


DMTC offset


DRS


DRS


 DMTC occasion  (fixed 6ms)


ds-OccasionDuration
(1 to 5 subframe)


PSS/SSS
CRS
CSI-RS


CRS
CSI-RS


CRS
CSI-RS


...



