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1
Introduction
The measurements for LAA purposes have been discussed in RAN1, but the decisions on reference signals are still pending. However, RAN2 can still consider the configuration aspects already.
In the recent RAN1AdHoc meeting [1], the following was agreed:

	Agreements:  

LAA DRS should at least support for RRM measurement

· Consider RRM enhancements, including RSSI measurement and reports 
· FFS: RRM measurement based on a single DRS occasion


2
Measurements on unlicensed band 

2.1
Measurements of LAA Carriers 
The unlicensed band at 2.4 GHz has a total bandwidth of 100 MHz (2400MHz – 2500 MHz), and the unlicensed band at 5GHz has a total bandwidth of 150 MHz (5725 MHz – 5875 MHz). Since the maximum LTE carrier bandwidth is 20 MHz, some possible channel arrangements for ISM bands are as shown in below.
	Frequency range
	Total contiguous bandwidth
	Examples of LTE carrier configurations

	2400 MHz – 2500 MHz
	100 MHz
	5 x 20 MHz, 10 x 10 MHz, 20 x 5 MHz 

	5725 MHz – 5875 MHz
	150 MHz
	7 x 20 MHz + 1x 10 MHz, 15 x 10 MHz, 30 x 5 MHz




Table 1. Some possible LTE carrier configurations over 2.4 GHz and 5 GHz ISM bands
Hence, we can see that it could be possible to have quite many carriers to measure among the LAA bands (up to 30 in the 5 GHz band!), which could all be potentially used by UE. Since the current maximum number of measurement objects for UE is 32, it may be necessary to extend this number.
Observation 1: LAA may require extension to the number of measurement objects configured for a UE.
Of course, the extension might be avoided should there be only one measurement object for the whole band, but this would be against the current principles of LTE measurements.  However, given that the nature of the LAA carriers is a type of spectrum sharing, where different eNBs of even the same operator may be using frequency reuse, in a typical case UE might be required to measure multiple carriers for determining the best cell. 

Proposal 1: RAN2 to discuss whether one measurement object should contain all LAA carriers in the same band.

Since an LAA eNB might be operating on multiple carriers in the unlicensed band, it is conceivable that the eNB would also want to know the UE measurements on each of the carriers, e.g. RSRQ to estimate the channel quality before SCell is configured on the carrier. Due to this, that the amount of inter-frequency measurements requested from a UE would likely increase.

Observation 2: A UE operating in unlicensed band may be typically requested to measure more inter-frequency carriers (in the unlicensed band) than UE operating under licensed band.

2.2
Hidden Node Detection 
The hidden node problem is summarized in Figure 1 below: A UE connected to LAA eNB can suffer from interference from the hidden node, leading to 1) worse DL SINR than eNB may expect and 2) potentially preventing uplink transmissions due to UE failing the LBT check.
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Figure 1. Hidden Node Problem for LAA
While the hidden node problem may be of less importance to LTE due to the CSI feedback allowing the scheduling eNB to at least know of the channel quality, when it occurs it would still useful to detect the occurrence to allow eNB to do Dynamic Frequency Selection (DFS), i.e. to select the best carrier frequency for LAA operation. Since LAA node could also be transmitting on multiple frequencies at the same time (depending on LBT result) a UE could also be requested to measure over multiple carriers, to determine the best frequency to be used. This means that it should be possible to have a reporting mechanism that allows UE to indicate the currently available measurement results over the LAA eNB operating carriers based on the activity UE has detected, even if the UE is not operating on those carriers. This would also help to detect hidden nodes.
Observation 3: A mechanism for reporting the measurements from multiple LAA carriers seems necessary to assist in hidden node detection.
Proposal 2: RAN2 to discuss which measurements could be used for detecting hidden nodes.

2.3
Impact of RSSI Measurements 
RAN1 has also been discussing on potentially adopting RSSI measurements for the purpose of LAA. RSSI is currently only defined in LTE as part of RSRQ, and RAN1 would naturally be required to define the measurement more precisely (i.e. the resources to be measured in time and frequency etc.). From RAN2 perspective, this is similar as the introduction of CSI-RS RSRP in Rel-12 for the DRS measurements, and similar questions arise:
1. Can the E-UTRA reporting configuration be extended to allow new measurement quantity, and how should this be done?

· The E-UTRA reporting configuration was already extended for Rel-12 DRS measurements. The same principles could be also adopted here.
2. How to define measurement events for RSSI measurements? Can we reuse the old measurement events?
· It seems safest to create new events for use with RSSI only, since the current events are based on RSRP/RSRQ only. This would also be aligned with the Rel-12 DRS measurements.
3. Are the current threshold values suitable for RSSI as well?

· Even if new value ranges for the threshold seem likely, this should be confirmed by RAN4.

4. Are all measurement types (i.e. event-triggered and periodic) required for RSSI?

· It seems straightforward to allow all measurement types, just as was done for CSI-RS RSRP measurements.

5. Is RSSI also applicable to MDT?

· We think it could be beneficial to allow RSSI to be considered also for MDT. However, this could be further discussed more in the MDT SID.

Observation 4: Extending E-UTRA reporting configuration to account for RSSI measurements seems straightforward. 
Proposal 3: RAN2 to discuss which measurement events would be useful for RSSI measurements

2.4
Impact of One-Shot Measurement Periods
RAN1 has also considered using “one-shot measurements” for LAA, i.e. measurements based on only a single DRS occasion. This means that the current parameters “hysteresis” and “time-to-trigger” used by measurement events need re-evaluation, since filtering over multiple measurement periods occurring at non-fixed intervals may be less accurate.
Observation 5: RAN2 should consider whether the parameters “time-to-trigger” and “hysteresis” are of use with measurements based on “one-shot detection” of cells.

Conceivable, a single one-shot measurement might also trigger other measurements, e.g. UE detecting high enough RSSI on a carrier might then also be able to detect the RSRP from an LTE cell during the same one-shot measurement occasion. 
Proposal 4: RAN2 to discuss how the measurement event triggering would work with “one-shot” measurements.

3
Conclusions 

We have discussed the impacts of LAA measurements to RAN2, and observed the following:
Observation 1: LAA may require extension to the number of measurement objects configured for a UE.

Observation 2: LAA will increase the need for inter-frequency measurements.

Observation 3: A mechanism for reporting the measurements over multiple LAA carriers seems necessary.

Observation 4: Extending E-UTRA reporting configuration to account for RSSI measurements seems straightforward. 

Observation 5: RAN2 should consider whether the parameters “time-to-trigger” and “hysteresis” are of use with measurements based on “one-shot detection” of cells.

Based on these, we propose:
Proposal 1: RAN2 to discuss whether one measurement object should contain all LAA carriers in the same band.

Proposal 2: RAN2 to discuss which measurements could be used for detecting hidden nodes.

Proposal 3: RAN2 to discuss which measurement events would be useful for RSSI measurements

Proposal 4: RAN2 to discuss how the measurement event triggering would work with “one-shot” measurements.
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