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1 Introduction

In the RAN #65 meeting, a new study item (SI) on Licensed-Assisted Access using LTE (LAA-LTE) was approved, which extends the platform of LTE systems from licensed spectrum to unlicensed spectrum, and LAA-LTE is used as an SCell under the CA architecture [1]. In the RAN1 79th meeting, additional functionalities for LAA-LTE listed below were agreed, and also Rel-12 DRS can be the starting point for at least RRM measurement including cell identification [2].
The following functionalities should be supported for LAA-LTE system:
· RRM measurement including cell identification
· AGC setting

· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
In this contribution, further considerations and analysis on RRM measurements are provided. 
2 RRM measurement
In LTE Rel-11, a UE relies on PSS/SSS for cell discovery and CRS for RRM measurements. In LTE Rel-12, small cell on/off operation is supported, and discovery reference signal (DRS) comprised of bursty PSS/SSS/CRS and configurable CSI-RS is introduced. If DRS based RRM measurements are configured, a UE uses the DRS transmitted in the DRS measurement timing configuration (DMTC) with 40/80/160 ms periodicity for RRM measurements of neighbour cells. In addition, the UE can use RS both in the DMTC and outside the DMTC for RRM measurements of the PCell and activated SCells. With LBT and maximum occupancy time limitation, naturally, LAA LTE supports cell on/off operation with even shorter time scale than that in Rel-12, so the DRS can be the starting point for RRM measurements in LAA LTE. 
However, the Rel-12 DRS structure needs to be modified, since most reference signals in LTE are designed to occupy discontinuous symbols, (e.g., CRS) which may disrupt the LBT mechanism. Such discontinuous DRS transmission would result in transmission collision with nearby Wi-Fi or other LAA nodes. What is more serious is that overestimated DRS based RSSI (DRSSI) would be obtained, which may lead to unsuitable LAA SCell change. For example as shown in Figure 1, during the DRS transmission from an OFF-state LAA cell which occupies the channel after CCA procedure, a Wi-Fi node may also occupy the channel from the time between two CRS symbols, considering that the CCA window is 9 us which is much shorter than the idle interval (e.g., 210 us) between two continuous CRS symbols. In this way, the power from such a Wi-Fi node would be captured into the DRSSI for the LAA cell, resulting in overestimated RSSI, since such interference would not exist when the LAA cell transmits PDSCH due to LBT. One potential solution is that reservation signals can be transmitted between these CRS symbols when no PDSCH is scheduled, otherwise PDSCH would be transmitted as usual without the need for a reservation signal. The design for the reservation signals should consider the accuracy of DRSSI measurement. Note that DRSSI is measured over all OFDM symbols in DL part within the DRS occasion, in order to smooth the DRSSI result considering the power of OFF-state cells can be captured into the DRSSI. This requires that the power captured into the DRSSI from the reservation signals should be differentiated from its own PDSCH if scheduled. 
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Figure 1. DRSSI overestimation issue

Proposal 1: Time continuous DRS structure is needed to avoid transmission collision with nearby Wi-Fi or other LAA nodes, and also the DRSSI overestimation. 

In addition, with LBT, the eNB may not be able to guarantee the periodic transmission of the time continuous DRS, since the eNB may not have the chance in the DMTC to occupy the unlicensed channel. 
One method is to use short control message mechanism allowed in the ETSI regulation for periodic DRS transmission [3], where the short control message is defined as transmission to send management and control frames without sensing the channel for the presence of other signals. As discussed in [4], such a mechanism would cause the DRS to interfere with the transmission from other neighbouring nodes and be interfered by these neighbouring nodes. What is more serious is that mismatched RSSI may be obtained, since the interference measured by the UE from DRSSI of the neighbouring nodes would not exist when UE receives PDSCH due to LBT. Therefore, DRS transmission in LAA LTE should follow LBT. 
Observation 1: Short control message is not suitable for periodic DRS transmission in LAA-LTE. 

Proposal 2: DRS transmission in LAA LTE should follow LBT scheme. 
Another method is that aperiodic DRS occasions on LAA cells can be triggered by the licensed PCell for RRM measurements. However, this may be only suitable to RRM measurements for the serving cells but not for the neighbour cells, considering different neighbour LAA cells may probably have independent time windows for their own DRS transmission due to LBT. The independent time windows would increase UE power consumption when performing cell discovery and RRM measurements, and this is not consistent with per frequency common DMTC in Rel-12. Therefore, per frequency common DMTC should be kept at least for neighbour cell measurements in LAA LTE, and solutions to increase the successful probability of DRS transmission need to be considered. 
Observation 2: Aperiodic DRS occasion triggering is not suitable for RRM measurement of neighbour LAA cells. 

Proposal 3: Per frequency common DMTC should be kept for DRS transmission in LAA LTE. Solutions to increase the successful probability of DRS transmission need to be considered. 
3 Conclusion

In this contribution, further considerations and analysis on RRM measurements are provided. Observations and proposals are listed as following: 
Observation 1: Short control message is not suitable for periodic DRS transmission in LAA LTE. 

Proposal 1: Time continuous DRS structure is needed to avoid transmission collision with nearby Wi-Fi or other LAA nodes, and also the DRSSI overestimation. 

Proposal 2: DRS transmission in LAA LTE should follow LBT scheme. 
Observation 2: Aperiodic DRS occasion triggering is not suitable for RRM measurement of neighbour LAA cells. 

Proposal 3: Per frequency common DMTC should be kept for DRS transmission in LAA LTE. Solutions to increase the successful probability of DRS transmission need to be considered. 
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Appendix: Draft text proposal of TR36.889 for RRM in LAA LTE

The following provides a description on RRM for TR36.899 [5] according to the above discussion and proposals.

--- Begin of Text Proposal ---
7
Design targets, functionalities and solutions for LAA
7.2
Solutions for DL operation without UL in unlicensed spectrum
7.2.x
RRM measurement

RRM measurements of carriers configured in unlicensed spectrum should be supported by LAA in order for the network to select applicable carriers for a UE to aggregate. Due to the discontinuous nature of the transmissions of LAA, the legacy RRM measurements based on CRS in every subframe cannot be relied upon. It would be beneficial to reuse some of the principles of the Rel-12 discovery signals designed for RRM measurements that gives a fixed position in time were the UE performs its measurements, in order to ensure that a UE does not rely on arbitrary subframes for measuring RSRP and RSRQ.

The transmission of a Rel-12 discovery reference signal (DRS) occasion is not continuous in time, since there are OFDM symbol gaps between the transmissions of the reference signals that compose one Rel-12 DRS occasion. This may allow other devices to occupy the channel before the transmission of the DRS is completed, which may result in an interruption of DRS transmission or collision with other devices’ transmission.
In order to occupy the channel continuously, the eNB may also transmit control and/or data if a UE has been scheduled, or some other signal if no UE has been scheduled. Alternatively, a time continuous DRS structure could be introduced for LAA to avoid the overhead of transmitting a signal whose sole purpose would be to occupy the channel. Note that transmitting only DRS may not be possible if regulations mandate a minimum channel occupancy time, in which case the transmission of DRS may always need to be accompanied by the transmission of another signal. The purpose of the transmitting a signal solely to occupy the medium would therefore not be preferred.
The Rel-12 DRS occasions are expected periodically by the UE, as configured by the DMTC. The Rel-12 DRS rely on a common DTMC for all cells on the same frequency. This allows reducing the UE power consumption and complexity. These benefits can be retained for LAA. In regions where LBT is not mandated for short control signalling transmissions, it would be possible to reuse Rel-12 DRS for RRM measurements as long as the requirement of maximum duty cycle is met [2]. Collisions may happen between short control signalling and the transmission from other LAA or non-LAA nodes. These could affect the performance of both systems, and also incur an overestimation of the DRSSI. In regions where the regulations always require LBT before any transmission, since periodic transmissions cannot be guaranteed on an unlicensed carrier, some DRS occasions would be missed when the eNB has no access to the channel at the DMTC period. It may be beneficial to provide additional opportunities for measurements to compensate for disruptions in the periodic transmission of the DRS. The RRM measurement performance for both cases should be further studied.
One possibility in case of operation with LBT is to configure a denser periodicity of the DRS to increase the probability that at least one DRS is received within the needed time frame. A second possibility is to define a periodic occurrence of a window within which the DRS is to be transmitted, where the DRS transmission time within the window is not fixed and is dependent on the time of  successful channel access. In this case, the DRS signal may also need to convey information about the transmission timing within the window. Another possibility is to introduce aperiodic DRS occasions transmissions, i.e. the transmission of the DRS may also occur outside of the configured discovery signal measurement timing configuration (DMTC), associated with some signalling to help the UE take RRM measurements on these aperiodic DRS occasions. While it can be difficult to use aperiodic DRS occasions transmissions to improve the measurements of the neighbour cells since different neighbour cells may have different transmission opportunities, such aperiodic DRS occasions transmissions would improve measurements for a serving LAA SCell. If the presence of the additional DRS is not signalled to the UE, blind detection on the presence of DRS would be required at the UE side which brings additional UE power consumption as well as complexity.
In cases where the number of channels the eNB supports is less than the total number of available unlicensed carriers, carrier selection can be performed by the eNB measurement on its own interference or load situation on the candidate carriers. This measurement may not reflect the total interference experienced by the UEs in the coverage area, thus whether and how to utilize UE measurement to assist eNB carrier selection can be considered.  

Considering the analysis above, the following potential enhancements to the Rel-12 DRS and for RRM measurement can be considered for LAA, without precluding other potential enhancements:

· A DRS structure with transmission in contiguous OFDM symbols

· DRS transmission following an LBT scheme with clear channel assessment
· A variable DRS transmission time in periodically occurring windows

· Aperiodic DRS occasions for improving the measurements of an LAA serving SCell.

--- End of Text Proposal ---
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