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1 
Introduction
The work item of “Licensed-Assisted Access to Unlicensed Spectrum” was approved in RAN#68 [1]. In the last RAN1 and RAN2 meeting, the details of the RSSI measurement reporting were extensively discussed. And the agreements of RAN1 and RAN2 on RSSI measurement in LAA are captured below.
	Agreements in RAN1 [2]:
· 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

	Agreements in RAN2 [3]:
·  Introduce measurements of average RSSI and channel occupancy (percentage of time that RSSI was above a threshold) for reporting in LAA


Also in the last RAN4 meeting, how to define RSSI measurement for LAA in RAN4 was identified as one of RRM impacts from RAN4 perspective as given below [4]. 

	· New Section 8.x Requirements for LAA measurement including RSRP/RSRQ and RSSI
· Cell identification
· RSRP/RSRQ measurement
· RSSI measurement methodology and corresponding measurement requirements


Therefore in this contribution the considerations on LAA RSSI measurement requirements are provided.
2 Discussion 
Before the detailed discussion on RSSI measurement for LAA, it shall be clarified that RSSI in LAA are definitely different with that of [5] because of the various usage of RSSI in LAA below.
1) Channel selection: RSSI can be severed as the metric to evaluate the interference level around UE and help eNB to select the carrier with less interference both for eNBs and other WiFi APs as the operating carrier [1].
2) Recognition of the hidden nodes which would not be detected by eNB but UE when the eNB performs Listen Before Talk (LBT)
Proposal 1: The definition of LAA RSSI in Rel13 shall be clarified by RAN1 in order to differentiate with the legacy RSSI in [5]. 

Firstly for the channel selection with RSSI in LAA, according to the agreements in [3] the average RSSI shall be reported as the metric of the interference of eNBs and other APs. The average RSSI can be considered as the necessary condition for LAA carrier selection. For instance in Figure 1 below, only if the average RSSI reported by UE is lower than CCA threshold, the carrier may be used for LAA because of lower interference than other unlicensed carriers. However as illustrated in RAN1 [6] the granularity for RSSI averaging will impact significantly on RSSI measurement due to the bursty nature of the traffic model, especially at high traffic load. Thus the RSSI averaging granularity shall be configured depending on the typical traffic model in LAA.  
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Figure 1. Average RSSI for LAA channel selection 

In principle, the finer granularity can reflect the channel occupancies more precisely. For example, if the average period is an OFDM symbol the eNB can recognized the channel availability for LAA in every OFDM symbol. But the much higher reporting overhead for RSSI is needed with the smaller reporting granularity. Additionally assuming to the minimum data burst for LAA transmission is 1 subframe which is same as these of LTE traffic, the averaging granularity less than 1ms is practically unnecessary. And on the other hand, as the property of discontinuous transmission with the maximum transmission duration in LAA, the maximum averaging granularity of RSSI can’t exceed the maximum transmission duration in LAA.
Observation 1: The granularity of average RSSI shall be larger than 1 subframe and less than the maximum transmission duration in LAA. 

Because the average RSSI is insufficient to indicate the channel loading and occupancy, the RSSI measurement reporting with the percentage of time that RSSI is above CCA threshold is also required to identify the exact channel usability. For example, in Figure 2 the two cases with same RSSI averaging with same granularity are given. Without the information about the percentage of time that RSSI is above CCA threshold, it is difficult to distinguish them in terms of channel usability. Hence the probability of measured RSSI which is above CCA threshold shall be reported to eNB in addition to the average RSSI.
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Figure 2. Probability of RSSI
Accordingly the individual measurement requirements for both the average RSSI and the percentage of time that average RSSI above CCA threshold shall be specified from RRM point of view, e.g. the measurement accuracy requirements.

Proposal 2:  RRM requirements on the measurement accuracy need to be specified for both average RSSI over the averaging granularity and the percentage of time that average RSSI above CCA threshold.
Secondly RSSI measurement in LAA can be used to detect the hidden nodes [1]. One of approach for the hidden node detection in LAA is based on RSSI variance between eNB side and UE side. This means that the detection metric for the hidden node denoted as “delta_RSSI” can be: 

delta_RSSI= eNB_RSSI -UE_RSSI  (1)

In particular, eNB need to perform RSSI measurement to obtain eNB_RSSI when listening to other APs. Thus the RSSI measurement requirements shall be applicable for both UE and eNB in LAA.

Proposal 3:  The requirements on RSSI measurements for both UE and eNB in LAA shall be considered in RAN4.
Regarding to the bursty transmission of the hidden node, RSSI measurement within a single measurement report period (e.g. one average granularity) may be not reliable to detect the hidden node. In other words, if the distribution probability of “delta_RSSI” which are above a certain threshold is higher enough, the hidden node can be identified with higher confidence. The missed detection of hidden nodes may introduce the data collision. In order to reduce the data transmission collision due to the hidden node, the latency of hidden node detection is desired to be as short as possible. As a result the measurement requirement on the delay of successful hidden node detection shall be specified.    
Proposal 4:  The requirements on the RSSI measurement delay in LAA shall be studied. 
Finally as discussed in RAN2 [3] unless that RSSI measurement timing for both UE and eNB aligned , there are some ambiguity to recognize the hidden node. That is the interval (gap) where the UE may perform RSSI measurement should be known by eNB and UE. Meanwhile in order to reduce UE cost, the single RF chip can be expected from UE implementation perspective. Hence when there are activated SCells, the interruption due to UE returning to RSSI measurement gap shall be considered also. 
Proposal 5:  The requirements on the interruption due the RSSI measurement gap in LAA shall be specified. 
3 Conclusion
In this contribution, the overview of the impacts of RSSI measurement in LAA is provided and the following observations and proposals can be drawn: 
Proposal 1: The definition of LAA RSSI in Rel13 shall be clarified by RAN1 in order to differentiate with the legacy RSSI in [5].
Observation 1: The granularity of average RSSI shall be larger than 1 subframe and less than the maximum transmission duration in LAA. 

Proposal 2:  RRM requirements on the measurement accuracy need to be specified for both average RSSI over the averaging granularity and the percentage of time that average RSSI above CCA threshold.
Proposal 3:  The requirements on RSSI measurements for both UE and eNB in LAA shall be considered in RAN4.
Proposal 4:  The requirements on the RSSI measurement delay in LAA shall be studied.

Proposal 5:  The requirements on the interruption due the RSSI measurement gap in LAA shall be specified.
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