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1
Introduction

The discussion on “Study on Licensed-Assisted Access (LAA) Using LTE” was approved to be a new study item in LTE Release-13 at 3GPP TSG RAN #65 [1]. LAA targets the carrier aggregation operation in which one or more low power SCells operate in unlicensed spectrum. Moreover, UE reporting of RSSI measurements to the eNB is considered useful for the purpose of detecting hidden node in the channel selection, which is captured in TR 36.889 [2]. Regarding RSSI measurement and reporting, the following agreements were made in the previous meetings: 
	· Technical Report (TR 36.889)

· For the purpose of detecting hidden node in the channel selection, UE reporting of RSSI measurements to the eNB is considered useful.

· eNB can indicate which carrier(s) the UE should report RSSI for.

· Agreement (RAN1 LAA adhoc meeting)

· Consider RRM enhancements, including RSSI measurement and reports.

· Agreement (RAN1 #82)

· 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
· The RSSI measurement timing configuration may be independently configured from the DMTC

· Note that RSSI is different from the existing RSSI

· FFS: RSSI is measured from all OFDM symbols of the measurement period where the UE performs RSSI measurement 

· FFS averaging granularity

· FFS additional RSSI measurement gap

· Agreement (RAN2 #91)

· 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


This contribution aims to share our opinions on the RSSI measurement time for detecting hidden node(s). 
2
Discussion
RSSI represents the total received wide-band power by UE; hence, UE measures the received signal to obtain RSSI value. The serving node and the hidden node may transmit simultaneously since the serving node cannot detect the existence of the hidden node. Therefore, the received signal may contain the following three cases:
· Case A: The received signal containing desired signal only, as illustrated in Figure 1(a).
· Case B: The received signal containing desired signal and interference, as illustrated in Figure 1(b).

· Case C: The received signal containing interference only, as illustrated in Figure 1(c).

[image: image1.emf]Desired signal from 

the serving node

Interference from 

the hidden node

Serving node

Hidden node

Interference from 

the hidden node

Serving node

Hidden node

(b) UE receives signal containing desired signal and interference

UE

UE

(c) UE receives signal containing interference only

Desired signal from 

the serving node

Serving node

Hidden node

(a) UE receives signal containing desired signal only

UE


Figure 1: Examples of the received signal when hidden node exists.
An example of transmission burst is shown in Figure 2 when a serving node is interfered by a hidden node. In this example, the received signal contains desired signal and interference during the interval T1, which is Case B according to the above description. During the interval T2, the received signal contains interference only, which is Case C according to the above description. Similarly, the received signal contains desired signal only during the interval T3, which is Case A according to the above description.
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Figure 2: An example of transmission burst
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. For the RSSI measurement timing, the following two options can be considered[3]-[6]:

· Option 1: RSSI should be measured when the serving node doesn’t transmit any signal on the reported carrier.

· Option 2: RSSI should be measured regardless of whether the serving node is transmitting or not.

In Option 1, RSSI is measured only when the serving node doesn’t transmit any signal on the reported carrier. Regarding the example shown in Figure 2, UE may perform RSSI measurement during T2, and doesn’t perform any RSSI measurement during T1 and T3. This is a simple solution since eNB can prevent transmitting any signal during the interval. However, hidden node may transmit regardless of whether the serving node is transmitting or not. Another example of transmission burst is shown in Figure 3 when a serving node is interfered by a hidden node. As shown in Figure 3, if UE only measures RSSI over the interval excluding the desired signal from the serving node, the hidden node problem cannot be revealed since the serving node and hidden node transmit simultaneously. 
Therefore, we suggest that RSSI should be measured regardless of whether the serving node is transmitting or not (Option 2). Regarding to the example shown in Figure 2, the RSSI measurement timing can be configured without any restriction; in other words, UE can be configured to measure RSSI in each of T1, T2 and T3.
Proposal 1: 
RSSI should be measured regardless of whether the serving node is transmitting or not.
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Figure 3: Another example of transmission burst
Moreover, for the RSSI measurement timing, some companies suggest that eNB may configure more than one type of measurement subframe set or RSSI measurement time configuration (RMTC) to differentiate different types of received signals[7][8]. For example, eNB configures two types of measurement subframe sets: one containing signals potentially transmitted from serving node and hidden node, and the other containing signals potentially transmitted from hidden node only. By using the two types of subframe sets, RSSI measurement may reflect different types of received signals and help eNB detecting the hidden node. However, the performance improvement is not clear. And thus, whether to support more than one type of measurement subframe set or RSSI measurement time configuration (RMTC) for RSSI measurement can be FFS.
Proposal 2: 
Whether to support more than one type of measurement subframe set or RSSI measurement time configuration (RMTC) for RSSI measurement can be FFS.
3
Conclusions

In this contribution, the timing where the UE may perform RSSI measurement is discussed when the UE reports RSSI measurement in the unlicensed carrier. Thus, we suggest that the following proposals can be considered: 
Proposal: 

· RSSI should be measured regardless of whether the serving node is transmitting or not.
· Whether to support more than one type of measurement subframe set or RSSI measurement time configuration (RMTC) for RSSI measurement can be FFS.
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