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1 Introduction
A new WI on Licensed-Assisted Access to Unlicensed Spectrum [1] was approved in RAN #68 plenary meeting as a following of the completed study item “Study on Licensed-Assisted Access Using LTE”. The results and findings of the SI are presented in [2]. 
The design target of LAA is to be a global solution, which guarantees operation of LTE low power secondary cells in unlicensed spectrum using carrier aggregation. Fair coexistence with WiFi and other LAA services is a requirement for the operation. An unlicensed LAA cell is always a secondary cell, so standalone operation on unlicensed spectrum is not supported. Only downlink transmission on LAA SCells should be specified within this WI, without excluding uplink operation, which will only be agreed and not specified. [1]
According to the WID, support of the following functionalities should be specified for LAA:
· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)
· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)
· UE support for carrier selection (RAN1, RAN2)
· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)
· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)
· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4) [1]
In this contribution we discuss the functionalities that have possible impacts on RRM requirements based on the TR and WID.
2 LAA functionalities with possible RRM requirement impact
The baseline for LAA is carrier aggregation, in which one or more low power SCells operate in unlicensed spectrum. Four different deployment scenarios between licensed and unlicensed carriers were agreed in the study item [Appendix]. To support deployment of these scenarios, the WI encourages reusing LTE carrier aggregation functionalities as much as possible to aggregate PCell on licensed carrier and SCell on unlicensed carrier. We use this as baseline.
LAA design assumes that timing-wise unlicensed carriers will be subframe boundary aligned with the licensed carriers according to Rel-12 carrier aggregation timing relationships. This gives the basic timing information needed by the UE. This basically means that Rel-12 Small Cell Enhancement (SCE) and DRS configurations can be used as a baseline when discussing UE requirements for LAA.
Fair access in the unlicensed spectrum will be guaranteed with Listen-Before Talk (LBT) procedure, where a node attempting to transmit on a carrier in unlicensed spectrum performs a Clear Channel Assessment (CCA) to check if the carrier is free for use. Thus, if the channel is occupied, transmission – including DRS - will be postponed, which means that signals used for RRM measurements cannot be guaranteed to be available at regular time instants. When the channel is free and transmission is possible, there is an additional maximum transmission time on the channel, before eNB LBT procedure needs to be applied again. These characteristics of the eNB access constraints in the unlicensed spectrum make the eNB transmission discontinuous and possibly irregular, which is very different from the LTE design.
Observation 1:  UE cannot expect regular control or reference signalling being available in a LAA cell because of discontinuous transmission and LBT requirements in unlicensed carriers.
3 RRM measurements and reporting
Our view is that Rel-12 Discovery Reference Signal (DRS) can be used as a starting point for discussing the RRM requirements, including cell identification and measurements related to LAA cells. However, some changes to the Rel-12 DRS signal and/or transmission/reception may be needed, which we discuss next.
DRS timing within DMTC
In Rel-12, UE can expect to receive DRS at any point within configured Discovery Measurement Timing Configurations (DMTC), in which DRS transmission occurs in a fixed interval (40, 80 or 160 ms). However, because of the required eNB LBT procedure even for short control messages in some regions, there will be situations where DRS is not transmitted because the channel is occupied. Two options are currently being discussed in RAN1 for DRS design subject to LBT in unlicensed carriers:
1)	Subject to LBT, DRS is transmitted in fixed time position within the configured DMTC
2)	Subject to LBT, DRS is allowed to be transmitted in at least one of different time positions within the configured DMTC [2]
When comparing Alternatives 1 and 2, one can observe that Alt 1 is the simplest option retaining nearly all of the Rel-12 DRS functionality. Alt 2, on the other hand, changes Rel-12 DRS behavior significantly, since DRS transmission can in principle take place in any subframe, and not only in subframes 0 & 5, as presently is the case. This complicates the system operation in a number of ways.
In the current LTE specifications, the SSS sequence definition differs between subframe 0 and subframe 5, whereas for other subframes no SSS sequences have been specified. Allowing for SSS transmission in subframes other than 0 and 5 would hence require specification of corresponding SSS sequence generation mechanism. Option 2 would thus require measurement requirements for the new SSS sequences, and have RAN4 specification impact. The two options are further discussed in RAN1 paper [3].
As the outcome of the RAN1 discussion about the two DRS timing options and their details is open, RAN4 can so far only assume that DRS may or may not be present in DMTC. 
Observation 2: Detailed DRS design is still open in RAN1 and final design may impact RAN4 work.
DRS detection
In Rel-12, multiple occasions of DRS is assumed to be used to generate a single RRM measurement due to guaranteed possibility to transmit DRS. In LAA it cannot be guaranteed that the eNB can regularly transmit DRS due to the LBT procedure. This is a key difference between Rel-12 DRS and LAA DRS transmissions, which will impact RRM requirements. To prevent degradation of the quality of measurements, the UE should only utilize measurements from a LAA cell, when it can confirm that it is actually transmitting. Thus, the UE must be able to detect DRS transmission from a LAA cell before performing any measurements. I.e. here seems to be a requirement to have single DRS occurrence cell detection.
Proposal 1: RAN4 should use single shot DRS detection assumption as baseline when designing requirements.
It is also recommended that RS bandwidth and density/pattern of the DRS design for LAA should allow support for RRM measurement based on a single DRS occasion. Hence, there are new restrictions on signals available for the UE for cell detection and measurement as well as on the actual measurements on the UE side, compared to similar measurements in licensed carriers. 

With CA as the starting point, RRM measurements on LAA cells can be used to configure, activate and de-configure LAA-cells similarly as SCells in licensed carriers, from RRC point of view. From RRM measurements point of view we see a need to support RSRP and RSRQ for these purposes – in order to have as much synergies with Rel-12 SCell operations as possible. It should be noticed that RSSI measurements are under discussion in RAN1 and would need to be considered in RAN4, if defined. 
Proposal 2: At least RSRP and RSRQ measurements should be possible for LAA cells.
Within the study item the following was agreed about LAA bandwidths:
The PHY layer options considered for LAA have at least the following characteristics:
-	Support for at least 20MHz system BW option in the 5GHz band
-	System bandwidths < 5 MHz are not considered for PHY layer options in LAA [2]
Because the minimum system bandwidth will change from 1.4 MHz in Rel-12 to 5 MHz or more in LAA, RAN4 can use this minimum bandwidth when developing the measurement performance requirements. E.g. RAN4 could use at least 5 MHz bandwidth as the minimum. 
Observation 3: RAN4 can use the new minimum bandwidth for LAA cell deployments as the minimum system bandwidth when developing the minimum requirements for LAA cell detection and measurement
Observation 4: RAN4 needs to consider whether having as minimum a 5 MHz (or wider) BW in unlicensed spectrum requires updates to the existing minimum measurement performance requirements, which are based on a minimum BW of 1.4MHz.
Based on the discussion we see synergies between Rel-12 DRS and LAA cell DRS, and thus we recommend using Rel-12 work as baseline for LAA work in RAN4. There will be differences such as DRS restriction and availability of regular control and reference signals from the LAA cell due to eNB LBT, as well as the minimum bandwidth assumption. Changes to DRS design for LAA compared to Rel-12 DRS design need to be taken into account in RRM measurements and reporting. Generally speaking, the UE would always need to do DRS detection at every occurrence where eNB LBT is applied, due to the requirement to perform measurements only when LAA cell is known to be transmitting.
Conclusion: The irregularity of the eNB transmissions needs to be addressed in RAN4.
4 Conclusions 
In this paper we have discussed possible RRM impacts of Licensed-Assisted Access in unlicensed spectrum to Rel-12 carrier aggregation. The following observations were made.
Observation 1:  UE cannot expect regular control or reference signalling being available in a LAA cell because of discontinuous transmission and LBT requirements in unlicensed carriers.
Observation 2: Detailed DRS design is still open in RAN1 and final design may impact RAN4 work.
Observation 3: RAN4 can use the new minimum bandwidth for LAA cell deployments as the minimum system bandwidth when developing the minimum requirements for LAA cell detection and measurement
Observation 4: RAN4 needs to consider whether having as minimum a 5 MHz (or wider) BW in unlicensed spectrum requires updates to the existing minimum measurement performance requirements, which are based on a minimum BW of 1.4MHz.
Conclusion: The irregularity of the eNB transmissions needs to be addressed in RAN4.
Therefore, we propose the following:
Proposal 1: RAN4 should use single shot DRS detection assumption as baseline when designing requirements.
Proposal 2: At least RSRP and RSRQ measurements should be possible for LAA cells.
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Figure 6-1: LAA deployment scenarios
-	Scenario 1
-	Carrier aggregation between licensed macro cell (F1) and unlicensed small cell (F3)
-	Scenario 2
-	Carrier aggregation between licensed small cell (F2) and unlicensed small cell (F3) without macro cell coverage
-	Scenario 3
-	Licensed macro cell and small cell (F1), with carrier aggregation between licensed small cell (F1) and unlicensed small cell (F3)
-	Scenario 4
-	Licensed macro cell (F1), licensed small cell (F2) and unlicensed small cell (F3)
-	Carrier aggregation between licensed small cell (F2) and unlicensed small cell (F3)
-	If there is ideal backhaul between macro cell and small cell, there can be carrier aggregation between macro cell (F1), licensed small cell (F2) and unlicensed small cell (F3)
[bookmark: OLE_LINK15]-	If dual connectivity is enabled, there can be dual connectivity between macro cell and small cell.
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