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1. [bookmark: Source]Introduction
In RAN1#82 meeting, the RSSI measurement was discussed and agreed as follows [1]
· For the UE reporting RSSI measurement in the unlicensed carrier, the timing where the UE may perform RSSI measurement should be indicated to the UE
· FFS: RSSI is measured from all OFDM symbols of the measurement period where the UE performs RSSI measurement 
· The RSSI measurement timing configuration may be independently configured from the DMTC
· Note that RSSI is different from the existing RSSI
· FFS averaging granularity
· FFS additional RSSI measurement gap

Also in RAN2#91, the following agreement was made:
· Introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA
· FFS whether multiple thresholds should be distinguished

In this contribution, we further discuss the detailed design of RSSI measurements.

2. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Discussion

Generally speaking, eNB measurement and RSSI feedback from the UE could facilitate the carrier selection and carrier reselection. The eNB itself could make measurement on the carriers first to select candidate unlicensed carriers for LAA DL operation. Then the eNB could indicate to the UEs for which carriers the UE should measure RSSI. Based on the measurement reported by the UE, the eNB could select and configure the proper unlicensed carriers as LAA SCells from UE’s perspective. Just as concluded in the TR 36.889 [2], for the purpose of detecting hidden node in channel selection, UE reporting of RSSI measurements to the eNB is considered useful. In addition, the eNB could also reselect the active carriers from the eNB’s perspective based on the reports from all the UEs.
As agreed in last RAN1#82 meeting, the timing where the UE may perform RSSI measurement should be indicated to the UE. There are two possible conditions under which the RSSI could be measured. 

· RSSI measurement performed when the eNB is not transmitting over the measured unlicensed carrier

In unlicensed carriers, the LBT operation would prohibit other sources within the sensing range from transmission when the eNB is transmitting on the channel, so the UE’s RSSI measurement could not reflect the load from the neighboring nodes over the measured unlicensed carrier. Therefore, it is beneficial for the UE to perform the RSSI measurement when the eNB is not transmitting. As agreed in RAN2, both the channel occupancy and the averaged RSSI could be reported, with multiple thresholds being for further study. The channel occupancy could indicate the percentage of time when the measured RSSI samples is above a defined threshold. This could help the eNB to select an unlicensed carrier with low channel occupancy and configure to the UE. While the averaged RSSI is useful when the reported unlicensed carriers have similar channel occupancy. Then the eNB could select the carrier with low RSSI among these low loaded carriers. 
During the unlicensed carrier “OFF” period, the measured RSSI can reflect the overall interference situations around UE, and could detect the potential hidden nodes to some extent. The report from the UE alone cannot reflect any hidden node, because high interference can also be observed from the nodes that are within the sensing range of the eNB. However, some hint on potential hidden node may be available by comparing it with eNB’s own measurement. For example, when the UE reports high channel occupancy over the measured unlicensed carrier while the eNB has measured low channel occupancy in the same observation window, the eNB would ascertain there are potential hidden nodes around the UE. 
However, under some circumstances the hidden node problem cannot be detected in carrier “Off” period. Typically, the eNB and the UE could sense the different nearby interference sources. As shown in Fig.1, there are one LAA cell and two Wi-Fi nodes. The LAA cell can detect Wi-Fi #1, but it cannot detect Wi-Fi #2. The UE can detect Wi-Fi #2, but it cannot detect Wi-Fi #1. When the LAA cell transmits a burst, Wi-Fi #2 can transmit a burst because the LAA cell and Wi-Fi #2 cannot detect each other. Therefore, Wi-Fi#2 is the hidden node for the UE. When the LAA cell and UE perform RSSI measurement during the cell “Off” period, they might have the similar average RSSI and channel occupancy, if Wi-Fi #1 and Wi-Fi #2 have similar channel occupancy level. In this case the hidden node cannot be detected.
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Fig.1 An example of deployment

Observation 1: The RSSI measurement performed at the UE when the eNB is not transmitting could be used for UE carrier selection and hidden node detection to some extent.

· RSSI measurement performed when the eNB is actively transmitting (e.g. DRS or data) over the measured unlicensed carrier

In this case, the UE performs RSSI measurement during the eNB ‘On’ time. It could identify the hidden node problem more effectively. The average RSSI over a long measurement time window cannot be used as it reflects the long-term load situations over the unlicensed carrier. Completely different situations could result in the same average RSSI, e.g. a very active node far away from the UE and a node which is close but not very active. Channel occupancy would be a better indication of hidden nodes, which generate large interference when transmitting. Based on this, the real hidden nodes could be identified, and the LAA eNB can use this information for UE carrier addition/activation and scheduling decisions. However, the channel occupancy statistics should be collected over a relatively long period (e.g. hundreds of ms) instead. This is due to a few reasons: (1) the statistics from a short time period (e.g. one measurement window on the order of ms) cannot differentiate a hidden node from a collision in channel access; (2) a hidden node with a low activity may not be an issue, so it is preferable to have a longer term statistics.
The RSSI measurement during the cell “On” period includes the signal energy not only from the hidden nodes but also from its own served cell. Hence when defining channel occupancy based on one or more thresholds, it would be good to subtract the energy from its own serving eNB before comparing to the thresholds. Alternatively, a potential enhancement is to allow the UE to measure the RSSI at the muted REs (e.g., CSI-IM). This RSSI measurement would only include the energy from other nodes but not itself.
Observation 2: The channel occupancy based on RSSI measurement during the cell “On” period could be useful for hidden node detection. 

If the eNB would like the UE to perform RSSI measurement during the “Off” period, this can be easily done because the timing for the RSSI measurement at the UE is configured by the eNB, and the eNB can simply choose not to transmit anything in the configured measurement window. For an active carrier, this would result in some service disruption because the eNB cannot use these subframes for transmission.
However, if the eNB would like the UE to perform RSSI measurement during the “On” period, it is more complicated. Since the eNB cannot always guarantee the access to channel in the configured RSSI measurement window due to LBT, the eNB may not actually be “On” when the UE does the measurement.
· If the UE can identify the On/Off status of the cell, the UE can collect the measurements for “On” period and “Off” period separately. This may be possible for DRS based on one-shot detection, or with CRS detection, or with explicit L1 signaling. But this needs to be investigated further.
· If the UE cannot easily identify the On/Off status of the cell, one simple approach is for the UE to report the instantaneous RSSI measurement and let the eNB decide whether this corresponds to On or Off status. However this could incur large reporting overhead because:
· There can be multiple instantaneous RSSI measurements within each measurement window. E.g. if there is one RSSI measurement per OFDM symbol, there would be 14 values to report for a 1ms window. In order to reduce the reporting overhead, the instantaneous RSSI measurement could be reported together with a time indication only when it is higher than a predefined threshold. But this could still be a lot of overhead.
· For the eNB to collect useful statistics, the UE would need to report these instantaneous measurements rather frequently and periodically.
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3.  Conclusion

In this contribution, we have made the following observations regarding the RSSI measurement report from the UE: 
Observation 1: The RSSI measurement performed at the UE when the eNB is not transmitting could be used for UE carrier selection and hidden node detection to some extent.
Observation 2: The channel occupancy based on RSSI measurement during the cell “On” period could be useful for hidden node detection. 
We have also discussed the potential ways to allow the UE to measure RSSI during On or Off period. The measurement during Off period can be easily done but the measurement during On period has more issues to solve.
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