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1. Introduction
In the RAN2#90 meeting [1], the following was agreed:
	Agreements:  
RSSI:
[bookmark: OLE_LINK1]4	For the purpose of detecting hidden node in channel selection UE reporting of RSSI measurements to the eNB is considered useful. 
The details of the RSSI measurement reporting should be discussed in stage-3. 

5	The eNB indicates which carriers(s) the UE should report RSSI for.


In terms of RAN2’s work, this contribution would discuss the issues related with RSSI measurements and reporting.
2. Discussion
2.1  General procedure for RRM measurements
As agreed in RAN2#90, UE reported RSSI measurements are considered useful for channel selection and the eNB would indicate which carriers(s) the UE should report RSSI for. With these agreements, it is obvious that the eNB should have some preference on the candidate carriers before configuring the UE to perform RSSI measurements.
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Different from LTE system in which the eNB configures/de-configures SCell based on RSRP/RSRQ measurements results, the LAA eNB would consider both RSRP/RSRQ measurement results and RSSI measurement results before configuring a carrier to a UE. RSRP/RSRQ measurements are used to reveal the quality of the unlicensed channels while RSSI measurements are used to indicate whether the channels are busy or not. 
Since RSSI measurement is a statistical process which would take much longer time than RSRP/RSRQ measurements, it is natural that the RSRP/RSRQ measurement can be performed. Based on RSRP/RSRQ measurements, the eNB would find out the appropriate candidate carriers for the UE and indicate the UE to report their RSSI measurements. Of course RSSI and RSRP/RSRQ can be measured at the same time. However it would lead to more work for measurements since there are large of unlicensed carriers to be measured. With these observations, we have the following proposal:
Proposal 1 The RSRP/RSRQ measurements can be used for the eNB to select the candidate carriers on which RSSI measurement should be performed.
If proposal 1 is agreeable, the measurement procedure should be:
Step 1: the UE reports RSRP/RSRQ measurement results in accordance with the measurement configuration as provided by the eNB;
Step 2: based on the UE reported RSRP/RSRQ measurements, the eNB selects some potential LAA carriers and indicates the UE to do RSSI measurements on these carriers. 
Step 3: taken into consideration of the UE reported RSSI measurements, the eNB configures some of the carriers to the UE.


Figure 1  General procedure for measurement

As agreed in RAN2#90 the eNB may indicate which carriers(s) the UE should report RSSI for. The eNB may indicate the UE to do RSSI measurements for the following cases:
1. Due to LBT, the eNB cannot access the unlicensed channel for a long period;
2. According to UE reported RSRP/RSRQ/RSSI, the eNB finds the unlicensed channel quality is not suitable any more for data transmission;
After receiving the RRSI measurement configuration from the eNB, the UE would measure RSSI probability and/or RSSI average for these configured LAA carriers. Since RSSI measurements are mainly used for carrier selection, there is no need to allow the UE to autonomously measure RSSI. Therefore, only when UE receives the measurement configuration from the eNB, it would perform RSSI measurements.
Proposal 2 UE is not required to perform LAA RSSI measurement until it receives the RSSI measurement configuration from the eNB. 
2.2  Measurement configuration
According to [2], the DRS of the serving cell is used by the UE to perform time/frequency synchronization and RRM measurements. Since the UE needs to perform RRM measurements for both activated and de-activated serving cells, while the DRS cannot be always guaranteed to transmit in the LAA SCells, new measurement and reporting events should be designed.
According to the purposes identified above, the following RSSI measurements for UE reporting may be defined:
· Average RSSI: the average RSSI observed by the UE over a configured observation time
· RSSI probability: the percentage of time of individual RSSI measurements over the observation time exceeds a threshold. 
In the following we make a comparison between the two measurement quantities to find which one is more appropriate. 
Taking the example 1 as in Fig.2, the average RSSI yields the same result for two LAA carriers while they have different RSSI probability. With a given RSSI threshold, the RSSI probability for the carrier 1 may be 20% while that for the carrier 2 may be 0. Here the RSSI threshold can be set equal to CCA threshold. With this result, the eNB would consider that the carrier 1 is busy with a probability of 20% and the carrier 2 is almost idle. Thus the carrier 2 would be configured to the UE. From the example 1, we can find the RSSI probability is a simple way to identify whether the carrier is busy or not.


Figure 2  Comparison between average RSSI and RSSI probability-example 1
Observation 1 For the purpose of detecting hidden node in channel selection, the RSSI probability is needed.
Taking the example 2 in Fig.3, the RSSI probability yields the same result for two carriers while they have different average RSSI. In this example, the RSSI average of the channel 1 is 20%, so does the carrier 2. Thus if this is the case, the two LAA carries cannot be distinguished by the RSSI probability only. Therefore, to better describe the status/quality of a channel, the RSSI average is also necessary especially for the case that two or more carriers have similar low RSSI probability.


Figure 3  Comparison between average RSSI and RSSI probability-example 2
Observation 2 To better describe the status/quality of a channel, the RSSI average is also useful especially for the case that two or more carriers have similar RSSI probability.
Synthesizes each kind of situation, we think that both RSSI average and RSSI probability are useful and needed. Therefore, we propose:
Proposal 3 Both RSSI average and RSSI probability should be reported.
2.3  Performing RSSI measurements
· Measurement window:
Since both RSSI average and RSSI probability are statistical, these measurements would be calculated in a time window. The time window can be classified into two categories: hard time window and sliding time window. The RSSI measurements and reporting procedures under different types of window are descripted in Fig.4. Note that the length of the measurement window can be defined by the number of samples or a fixed time period.


Figure 4  hard time window v.s. sliding time window

1. hard time window: 
The hard time window starts when UE receives the indication from the eNB to do RSSI measurements. The UE would report the RSSI measurement results at the end of the hard time window. With the UE reported RSSI measurements the eNB would find the clearest carrier and configure it to the UE. 
2. sliding time window:
Similar to the hard time window, the sliding time window starts when UE receives the indication from the eNB to do RSSI measurements. After a constant time period (i.e., the length of the window) the UE would report the measurement results. According to the UE reported measurements, the eNB would locate a suitable carrier whose RSSI probability and/or RSSI average are eligible. If there is such a carrier, the eNB would configure it to the UE via RRCConnectionreconfiguration and the UE may stop measuring when receiving this message. Otherwise, the UE would continue measuring and reporting after a sliding step. The measurement results are periodically reported until the UE receives RRCConnectionreconfiguration from the eNB.
Table 1  comparison between the two types of windows
	
	Feature
	Pros.
	Cons.

	hard time window
	One-time reporting
	Simple
	Sometimes unsuitable carriers may be configured for the UE when all the indicated carriers are busy (i.e., their RSSI probabilities are all above a threshold).

	sliding time window
	Periodic/one-time reporting
	flexible 
	Complicated to some extent


Proposal 4 Two types of measurement windows can be used for the RSSI measurements and reporting: hard time window and sliding time window. RAN2 is requested to discuss which time window is more suitable for LAA.
2.4  Measurement report triggering
The reporting criterion triggers the UE to send a measurement report. This can either be periodical or a single event description. In legacy LTE system, three types of reporting criterions are considered: event triggered reporting, periodic reporting and event triggered periodic reporting. However there are some differences about RSSI reporting between LAA system and LTE system.
1. [bookmark: OLE_LINK4]Event Triggered Reporting: 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In LTE system, several events are defined, i.e., A1-A6/B1-B2/C1-C2. Once the condition of an event is met, the relevant information would be reported. While in LAA system, there are no intra-frequency measurements and inter-RAT measurements. Probably only inter-frequency measurements exist since RSSI measurements are mainly used for carrier selection. The following existing reporting events may be reserved in LAA RSSI measurements and reporting:
· Event A1 (serving carrier is better than a threshold): to inform the eNB that there is no need to deactivate the current LAA SCell.
· Event A2 (serving carrier is worse than a threshold): to inform the eNB that the current LAA SCell is no more efficient. 
· Event A4 (Neighbor carrier becomes better than a threshold): to inform the eNB that neighbor carrier can be chosen as a serving carrier. 
· Event A6 (Neighbor carrier becomes better than serving carrier): to inform the eNB that neighbor carrier is more competitive than serving carrier;
From the above analysis, it is necessary to reserve event triggered reporting in LAA system. 
Event triggered reporting can be supported by sliding time window.
2. Periodic Reporting:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In LTE system, the purpose of periodic reporting is reportStrongestCells or reportCGI. If the purpose is reportCGI, then it is one-time reporting. Otherwise the number of reporting can be two or more. 
In LAA system, the purpose of periodic reporting is probably simply reportStrongestCells. The UE may report RSSI measurement results in a periodic manner or simply one shoot reporting. The eNB decides if there is a suitable carrier can be configured to the UE. Once the UE receives LAA SCell configuration from the eNB, it would stop periodic reporting. 
One-shoot reporting can be supported by both hard time window and sliding time window, while periodic reporting (i.e., the number of reporting is two or more) can only be supported by sliding time window.
3. Event-triggered Periodic Reporting:
In LTE system once the entering condition of an event is met, the relevant information would be reported in a periodic manner. This also applies to LAA system. 
Event-triggered periodic reporting can be supported by sliding time window.
Proposal 5 Three types of reporting criterions in legacy LTE system (i.e., event triggered reporting, periodic reporting and event triggered periodic reporting) could also be applied to LAA system.
Observation 3 Sliding time window has a good compatibility with different reporting criterions.
2.5  Measurement reporting 
· Reporting format
There are additional differences between the RSSI reporting and the existing RSRP/RSRQ report, which should be taken into account:
· RSRP/RSRQ measurements are reported on a per-cell basis, while RSSI measurements should at least be reportable on a per-frequency basis in order to identify unoccupied channels.
· New reporting events need to be defined based on RSSI based on a per-frequency comparison, instead of per-cell comparison.
As discussed above, RSSI reporting should at least include the RSSI probability which can be quantized, the average RSSI and the carrier index. 
For example, the eNB uses 4 bits to indicate the RSSI probability, then the mapping of the measured RSSI probability to the quantized RSSI probability can be as follows:
Table 2   example of the quantized RSSI probability
	index
	1
	2
	3
	4
	5
	6
	7
	8

	quantized RSSI probability
	3%
	9%
	15%
	21%
	27%
	33%
	39%
	45%

	Range of  measured RSSI probability
	0-6%
	7-12%
	13-18%
	19-24%
	25-30%
	31-36%
	37-42%
	43-48%

	index
	9
	10
	11
	12
	13
	14
	15
	16

	quantized RSSI probability
	51%
	57%
	63%
	69%
	75%
	81%
	87%
	93%

	Range of  measured RSSI probability
	49-54%
	55-60%
	61-66%
	67-72%
	73-78%
	79-84%
	85-90%
	90-100%



If the measured RSSI probability is 50%, then the index of RSSI probability would be 9.
Proposal 6 RSSI reporting should at least include RSSI probability which can be quantized, the average RSSI and the carrier index. 
3. Conclusions
Based on the discussion, our proposals are provided as follows:
Proposal 1 The RSRP/RSRQ measurements can be used for the eNB to select the candidate carriers on which RSSI measurement should be performed.
Proposal 2 UE is not required to perform LAA RSSI measurement until it receives the RSSI measurement configuration from the eNB.
Observation 1 For the purpose of detecting hidden node in channel selection, the RSSI probability is needed.
Observation 2 To better describe the status/quality of a channel, the RSSI average is also useful especially for the case that two or more carriers have similar RSSI probability.
Proposal 3 Both RSSI average and RSSI probability should be reported.
Proposal 4 Two types of measurement windows can be used for the RSSI measurements and reporting: hard time window and sliding time window. RAN2 is requested to discuss which time window is more suitable for LAA.
Proposal 5 Three types of reporting criterions in legacy LTE system (i.e., event triggered reporting, periodic reporting and event triggered periodic reporting) could also be applied to LAA system.
Observation 3 Sliding time window has a good compatibility with different reporting criterions.
Proposal 6 RSSI reporting should at least include RSSI probability which can be quantized, the average RSSI and the carrier index.
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