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1 Introduction

In RAN plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved [1]. The outcome of the study is captured in [2]. The study has shown that it is possible to adapt LTE to operate SCells in unlicensed spectrum while coexisting in a fair manner with Wi-Fi as well as with other LAA networks.  In RAN plenary meeting #68, a new WI on LAA was approved and several functionalities are identified to be further studied [3]. 
In this contribution, we discuss UE support for RRM measurements including cell identification, which is one of the key functionalities mentioned in the WI description.
2 LAA RRM enhancements
Most of the features and procedures applicable to a legacy SCell such as activation/deactivation, cell/TP discovery/RRM measurement procedure should still be applicable for a LAA SCell. A network can configure a UE to measure multiple cells to generate signal quality measurements such as RSRP and/or RSRQ of each cell for the purpose of RRM. Currently, a UE reports measurement results to a network when a reporting criterion is met, e.g. measurement reporting can be triggered when a RSRP/RSRQ value is greater than a threshold that can be configured by the network. This measurement framework can be very efficient since these measurements are based on the always-on transmission of channels and RS utilized for channel measurement and corresponding reports. 
However, the assumption of the availability of signals for these measurements needs to be revisited considering LBT and other requirements on the unlicensed carrier. The following sections discuss various potential RRM enhancements for LAA.
2.1 RRM measurement based on a single DRS occasion
A low duty cycle periodic DRS would be beneficial for LAA RRM to ensure sufficient and reliable measurement opportunities. However, as discussed in detail in [4], it needs to be evaluated under what circumstances a UE may expect the transmission of the DRS, and whether it can be periodically transmitted with a fixed interval or in an aperiodic manner, depending on the channel access mechanism. As a result, availability of the measurement reports may change depending on the current network state.
One possible enhancement is the support of RRM measurement based on a single DRS occasion, which was listed as a recommendation in the LAA SI TR [2]: “It is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion.”
In our view, configuration or indication that a RRM measurement is based on a single DRS occasion can offer several benefits:

a) UE measurement reports based on a single DRS occasion can be used to indicate a DRS misdetection event by the UE. For example, if a DRS is detected in a DMTC occasion, RSRP/RSRQ can be reported, else there may not be a report or a report with an invalid value or other measurement such as RSSI can be reported. DRS can be used by the UE for synchronization as well, hence the eNB can use this information in its scheduling decision, e.g. the eNB may not schedule the UE that missed the DRS, or only schedule such UE at a later subframe of a DL transmission burst after the UE has the opportunity to perform synchronization. 
b) Traditionally, L1 filtering and L3 filtering of measurements are performed at the UE where L1 filtering is generally up to UE implementation while L3 filtering can be configured by the network assuming availability of an average measurement sample value to L3 once every measurement period (e.g. 200ms for normal non-DRX connected mode operation).  However, DRS transmission based on LBT and possibility of misdetection by the UE can complicate the filtering operations and could result in eNB misunderstanding of the measurement report as the eNB is not aware of the misdetection. A simpler measurement framework is to obtain measurement results from single DRS occasions from the UE and it can be left to the network to perform the required L1 and L3 filtering. 
c) The network can easily construct short-term or long-term RRM measurement based on ‘one-shot’ measurements as further discussed in Section 2.2.
However, an issue for supporting RRM measurement from a single DRS occasion is measurement accuracy. Typically, 5 measurement subframes based on 6 PRBs measurement bandwidth are needed to meet RAN4 performance requirement. One simple method to meet RAN4 performance requirement from a single DRS occasion measurement is for UE to increase the measurement bandwidth, e.g. 30 PRBs.

Even when FBE-based LBT is applied to DRS transmissions to maximize the potential of supporting reuse-1 as in Rel-12 [4], it expected that the SINR distribution is still generally favourable due to LBT removing interference from Wi-Fi or non-DRS only transmission bursts. DRS interference suppression is additionally available for PSS/SSS detection by taking the autocorrelation of the signals into account.

Observation 1: RRM measurement based on a single DRS occasion provides significant flexibility for the network in constructing short-term and long-term measurements.
Proposal 1: The configuration or indication that a RRM measurement is based on a single DRS occasion should be supported for LAA.
2.2 Measurement Interval
One way RRM measurement is beneficial is to assist the network in load shifting for SCell activation/deactivation where a UE may additionally be configured with multiple LAA carriers and SCell candidates. For small cell deployments, the load and signal energy on each layer can vary with each transmission time interval (TTI). The extent of this time variation of signal energy observed at the UE receiver may also highly variable on unlicensed carriers where multiple nodes are opportunistically contending for the channel. 
Intuitively, a long measurement period tends to disregard this short-term time variation by averaging out the short term variation, producing a slow time-varying RSSI. On the other hand, a shorter measurement period results in a faster time-varying RSSI and may better reflect the short term signal energy fluctuation of a layer and allow faster adaptation to dynamic traffic load.

As noted during the Rel-12 SCE SI [5], a shortened measurement interval may enable faster adaptation to the load change across frequency layers. Since LAA transmission durations will likely be adaptive and responsive to system traffic, the measurement period may also need to be adaptive and take into account the underlying LBE or FBE structure and LBT parameters. The impact on RRM measurement accuracy in such dynamic conditions would need to be evaluated.
Observation 2: Support for long-term and short-term RRM measurement periods can be beneficial in capturing the load situation of a frequency layer in a dynamic traffic environment subject to LBT.
Proposal 2: The configuration of both long-term and short-term RRM measurement periods should be supported for LAA.
2.3 Multi-carrier RRM measurements

It is expected that LAA nodes may operate on a large number of adjacent carriers using the 32-CC eCA framework being developed in Rel-13. In many cases the measurements taken on adjacent channels will be highly correlated in time, especially in the presence of other LAA nodes or WiFi nodes utilizing the channel bonding feature which can aggregate up to 160MHz of contiguous spectrum. As a result, multi-carrier RRM measurements can be considered for configurable groups of adjacent carriers. 
Reporting based on these multi-carrier measurements is beneficial in assisting detection of carrier aggregation and channel bonding configurations of adjacent nodes and can assist in the setting of LBT parameters used in a multi-carrier LBT procedure [6]. In order to take advantage of the correlated measurements across the RRM carrier group, the UE can filter/aggregate measurement across the BW of the multiple carriers within the group. This can be useful to reduce the overhead of the measurement and reduce UE processing requirements.

Observation 3: Multi-carrier RRM measurements are beneficial in assisting detection of carrier aggregation and channel bonding configurations of adjacent nodes and can assist in the setting of LBT parameters used in a multi-carrier LBT procedure.
Proposal 3: Enhancements of RRM measurements for adjacent groups of carriers should be further considered.
3 Conclusions
In this contribution, we discussed the possible RRM enhancements taking into account regulatory requirements and desired functionalities for LAA. Evaluations are necessary in order to understand if new performance requirements are required for LAA and to quantify the potential gain of enhancements to measurements. The following observations and proposals were made:
Observation 1: RRM measurement based on a single DRS occasion provides significant flexibility for the network in constructing short-term and long-term measurements.

Proposal 1: The configuration or indication that a RRM measurement is based on a single DRS occasion should be supported for LAA.
Observation 2: Support for long-term and short-term RRM measurement periods can be beneficial in capturing the load situation of a frequency layer in a dynamic traffic environment.

Proposal 2: The configuration of both long-term and short-term RRM measurement periods should be supported for LAA.
Observation 3: Multi-carrier RRM measurements are beneficial in assisting detection of carrier aggregation and channel bonding configurations of adjacent nodes and can assist in the setting of LBT parameters used in a multi-carrier LBT procedure.
Proposal 3: Enhancements of RRM measurements for adjacent groups of carriers should be further considered.
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