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1. Introduction

In RAN1 plenary meeting #65, a new SI on Licensed-Assisted Access (LAA) was approved to utilize the unlicensed spectrum for complementing the licensed carriers in order to meet the projected traffic demands of the near future.
In the RAN1 LAA Adhoc, the following were agreed:

· Design targets of LAA DRS includes at least
· LAA DRS should at least support for RRM measurement
· Detection of DRS from a cell based on a single DRS occasion

· Feasibility is for further evaluation
· Transmission burst containing DRS signals should consist of continuous OFDM symbols

· FFS: How to realize contiguous OFDM symbol transmission 
· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT

· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS
· Alt1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC

· Alt2: if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds

· Modifications to Rel-12 DMTC configuration are FFS
· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC
· Consider RRM enhancements, including RSSI measurement and reports
· FFS: RRM measurement based on a single DRS occasion
2. Discussion
LAA cell is to be configured as SCell which can be either DL only or DL+UL. The inherent objective will be to re-use all the features of SCell as applicable for the LAA cell. However considering the non-guaranteed nature of the unlicensed band operation, RRM measurements may be impacted which is further discussed in this section. Our companion RAN1 contribution [1] also discusses the issue of RRM measurements in LAA. 
2.1 RRM Measurement Framework

2.2.1 Introduction

Till Release 12, the LTE operates on licensed bands which are always at the disposal of the eNB. The existing measurement framework as specified in 3GPP TS 36.331 requires the Layer 1 to send an averaged measurement sample value to Layer 3 once every measurement period (eg. 200ms for normal non-DRX connected mode operation). 
The number of measurement samples that need to be averaged by Layer 1 for obtaining the filtered value which is to be reported to Layer 3 is left to UE implementation as mentioned in 3GPP TS 36.300 however when filtered Layer1 value is reported to Layer3 it shall meet the accuracy performance requirements as specified in 3GPP TS 36.133. The UE evaluates the reporting criteria based on the filtered Layer 3 measurement value as illustrated in the measurement model in 3GPP TS 36.300. Same number of samples are considered for each Layer 1averaging.
Further in Release 12, DRS is used for discovery of small cells. DRS is composed of DMTC Period and DMTC Occasion where DRS is transmitted in a fixed subframe within the DMTC Occasion which is repeated every DMTC Period. The DMTC Period can be 40ms/80ms/160ms. It is to be noted that DRS is only used for cell discovery and is not mandated to be used for RRM measurements. For DRS also a consistent number of measurement samples will be averaged for every L1 filtering of DRS similar to CRS based RRM measurements.
Observation 1A: Same number of samples are considered for every Layer 1 averaging in Release 12 for CRS based RRM Measurements
Observation 1B: Same number of samples are considered for every Layer 1 averaging in Release 12 for DRS based Discovery Signal Measurements
LBT is assumed to be required for DRS and hence it may not be possible to have strictly periodic DRS transmissions. RAN1 is studying the methods for increasing chance of DRS transmission for example by allowing DRS to be transmitted anywhere in the DMTC. This increases the chance of DRS transmission as compared to transmission of DRS in a fixed subframe in DMTC, as the eNB may not be able to successfully contend for the LAA channel at that subframe but may be able to get the channel at other subframes.

As the eNB may not be able to transmit DRS at every DMTC due to LBT, so the Observation 1 will not be valid for LAA. Hence we need to discuss the handling of associated L1 and L3 filtering.
Observation 2: LBT on LAA channel at the eNB will imply that Observation 1A/B is not valid for LAA.
2.2.2 RAN1 Status on Reference Symbols for RRM
Considering the Rel-12 DRS as a baseline, in the RAN1 LAA Adhoc, the following alternatives were agreed:
· Alt 1: DRS is transmitted subjected to LBT in fixed subframe(s) within the configured DMTC

· Alt 2: if LBT prevents transmission of DRS in the fixed subframe(s), allow the DRS to be transmitted in different subframe(s) within the configured DMTC if LBT succeeds

Alt 1 is in essence Release 12 DRS with the addition of subjecting DRS transmission to LBT. Within every DMTC the DRS is transmitted in the same subframe if the LBT is successful. Further details of Alt 1 can be found in our companion RAN1 contribution [1].
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Figure 1
In Alt 2 the DRS can be transmitted in any subframe within the DMTC Occasion subjected to LBT thereby increasing the chance of DRS transmission. Further details of Alt2 are still under discussion in RAN1[1][2]. 
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 Figure 2
Moreover the combination of CRS during the LAA data bursts with DRS for RRM measurements is under evaluation in RAN1. It can be beneficial, if the CRS received by the UE during the ON duration when the eNB is transmitting the LAA data burst can be combined for averaging with the CRS received in the DMTC, especially in the scenario when desired number of DRS samples could not be received in the configured measurement period because of LBT.
2.2.3 Proposed Way Forward for RRM Measurements
Considering the impact of the LBT it is evident that desired number of DRS samples may not be available for L1 filtering. In such a situation some of the possibilities can be:

· Option 1: Fixed Measurement Period (Averaging is done over varying number of samples)
· Option 2: Variable Measurement Period (Averaging is done over fixed number of samples)

· Option 3: No L1 filtering

Option 1is closest to the baseline RRM measurement model and it may be acceptable if the measurement period is relaxed for LAA but the lesser number of samples in the measurement period (normal/relax) possibly may lead to different performance of each L1 input. The impact of the varying L1 input on RRM measurements needs to be discussed further in RAN2.

Option 2 may induce latency due to variable measurement period which may impact timings of related procedures like Cell Addition/Removal.

Option 3 will require high reliability of a single sample of DRS which is for further study in RAN1.

We think that the possible options for RRM measurement models may be discussed further in RAN2 and it may be good to take RAN1/RAN4 views on:
· Whether the performance based on a single DRS sample would be reliable enough to take RRM actions

· Whether a certain minimum level of DRS/CRS availability can be defined for which variance in L1 input will lie within an acceptable limit

Proposal 1: RAN2 is kindly requested to involve RAN1/RAN4 for an early feasibility analysis of measurement models for LAA. In specific we can take RAN1/RAN4 views on:
· Whether the performance based on a single DRS sample would be reliable enough for RRM actions

· Whether a certain minimum level of DRS/CRS availability can be defined for which variance in L1 input will lie within an acceptable limit

2.2 RSSI Measurements

The Interference measurements can assist in the selection of unlicensed channel as the LAA eNB should avoid the unlicensed channels which are congested.
In the legacy LTE system, RSRP, RSSI and RSRQ are specified and only RSRP and RSRQ can be reported to eNB by a UE. RSSI can serve as a metric for interference and it is possible to infer RSSI from RSRP and RSRQ reports. However, if the DRS is not transmitted by the eNB on a carrier or if the DRS is not transmitted due to LBT, the RSRP and RSRQ reports would not be available. In such scenarios, UE RSSI measurements can be helpful but the definition of RSSI measurement on an unlicensed carrier is the topic of further discussion in RAN1.
The UE RSSI report can also be used for detection of hidden nodes i.e. if the UE RSSI measurements includes interference not experienced by the eNB it may assume there is a hidden node to the UE.

A UE RSSI report indicating the channel occupancy during a particular period may cover both purposes.
Further details on hidden node detection can be found in [3] while more information on RSSI measurements can be found in our RAN1 contribution. [4].
Proposal 2: RAN2 is kindly requested to consider the usage of UE RSSI reporting. 
3. Conclusion
Based on the discussions in section 2, we have the following observations:-
Observation 1A: Same number of samples are considered for every Layer 1 averaging in Release 12 for CRS based RRM Measurements

Observation 1B: Same number of samples are considered for every Layer 1 averaging in Release 12 for DRS based Discovery Signal Measurements
Observation 2: LBT on LAA channel at the eNB will imply that Observation 1A/B is not valid for LAA.

Proposal 1: RAN2 is kindly requested to involve RAN1/RAN4 for an early feasibility analysis of measurement models for LAA. In specific we can take RAN1/RAN4 views on

· Whether the performance based on a single DRS sample would be reliable enough for RRM actions

· Whether a certain minimum level of DRS/CRS availability can be defined for which variance in L1 input will lie within an acceptable limit

Proposal 2: RAN2 is kindly requested to consider the usage of UE RSSI reporting. 
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