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1 Introduction
With continuous RAN1 technical finding as summarized in [1], RAN2 is supposed to continue its LAA relevant discussion within its scope. In this contribution, we shall shed some further thoughts on RRM relevant issues for LAA Scell.
2 Discussion
In the much broader unlicensed spectrum, there are many potential unlicensed resources for operators’ use by means of LAA Scell (denoted as U-Scell hereafter for brevity). For particular LAA configuration snapshot, U-Scell is always accompanied with Pcell (and optional Scells) on licensed carriers. Per current RAN1 study and simulation on various LAA co-existing issues, U-Scell is supposed to have fixed carrier frequency and bandwidth in certain unlicensed band, which is much alike the way that operator does with licensed spectrum planning and farming. For that reason, the legacy licensed CA framework, e.g. configuration & mobility via L3 signalling can be reused as much as possible.
Per latest RAN1 agreements from Ad-hoc meeting in Paris, LAA UE is supposed to be able to detect target U-Scell and perform relevant RRM/CSI measurements based on single DRS occasion (consist of continuous OFDM symbols carrying DRS). For LAA DRS design, it should be at least subject to LBT restriction, and the DRS occasion can be either in fixed subframes or flexible subframes within LAA specific DMTC configuration. Currently, RAN1 is still discussing the details for new LAA DRS transmission mode and exact patterns specific for U-Scell, hot issues like how to balance among DRS based RRM measurement accuracy, DRS occasion flexibility, control signalling overhead, UE battery consumption etc, so that the complexity & performance requirements of UE’s detection/synchronization and RRM/CSI measurement with U-Scell can be satisfied. In those regards, RAN2 should still await RAN1 progress on those issues.
Proposal 1: For most LAA DRS related issues, RAN2 should await RAN1’s study progress rather than making any preliminary assumption.
Per latest RAN1 agreements, UE is also supposed to perform its local RRSI (including all interferences per unlicensed frequency layer) measurement and report, so that LAA eNB can better know UE’s unlicensed radio environment. In the case when LAA eNBs and WIFI APs are densely deployed around, due to LBT restriction, UE may measure different level of RSSI for “in COT (Channel Occupancy Time for data scheduling/transmission)” and “outside COT (period without data scheduling/transmission)”. The RSSI_in_cot reflects the load level of configured U-Scell within the operator, so that it can be used for e.g. intra-frequency U-Scell horizontal mobility. The RSSI_outside_cot reflects the load level of the whole unlicensed carrier across all other operators, so that it can be used for e.g. carrier selection and U-Scell vertical mobility. We view that UE should have separate RSSI measurement and report regarding “in and outside COT” respectively. It is worth pointing out here although DRS transmission after winning LBT shall consume short period of time (DRS transmission burst), we don’t refer it as COT period, as it does not involve any data scheduling/transmission.
Proposal 2: UE should have separate RSSI measurement and report for “in COT” and “outside COT” status respectively.

Whenever LAA eNB deploys certain U-Scell on certain carrier with certain unlicensed bandwidth, it could handle the U-Scell in the same way as legacy licensed Scell. For energy saving purpose, LAA eNB may keep that U-Scell in “Dormant OFF-state” (as in Rel-12 SCE ON/OFF) at the beginning. In this state, LAA eNB may still perform LBT only for transmitting DRS purpose. Later one pioneer UE may discover and identify that “Dormant OFF-state” U-Scell effectively according to its DMTC_off configuration, then the LAA eNB switches the U-Scell into “Normal ON-state”. In this state, LAA eNB may perform LBT not only for transmitting DRS but also for data scheduling/transmission purposes. LAA UE shall perform the DRS based RRM/CSI measurements of the U-Scell according to its DMTC_on configuration.
With the same DMTC_on configuration, LAA eNB may perform different DRS transmission mode and pattern for “in COT” and “outside COT” status respectively. As for “in COT” status, when LAA eNB has acquired U-Scell resource for data scheduling/transmission as well as for DRS transmission, UE has longer time (several subframes length) for RRM/CSI measurements, but for “outside COT” status, when LAA eNB has acquired U-Scell resource only for DRS transmission (with particular DRS pattern!), UE has only short time (several OFDM symbols length) for pure RRM/CSI measurement. This might lead to different measurement performances between “in COT” and “outside COT” status. Therefore, in order to get consistent RRM/CSI measurement performances, we tend to distinguish DMTC_on configuration further: namely UE performs DRS based measurement according to DMTC_on_outside_cot configuration outside COT and according to DMTC_on_in_cot configuration in COT status respectively.
Proposal 3: UE should have separate U-Scell relevant DMTC configurations for Dormant OFF-state and normal ON-state. UE should also have separate U-Scell relevant DMTC configurations for “in COT” and “outside COT” status.
In both “Dormant OFF-state” and “Normal ON-state_outside_cot”, as the LAA eNB needs to perform LBT for DRS transmission (maybe less opportunities!), hence both DRS transmission mode and pattern must be carefully designed, otherwise it would lead to degraded performances for U-Scell discovery, RRM/CSI measurement, radio link stability and DL scheduling efficiency etc. In “Normal ON-state_in_cot”, as the LAA eNB can perform continuous DRS transmission (comparable with licensed Scell case), the Rel-12 licensed DRS transmission mode and pattern can be much reused, so there is no performance degrading for U-Scell discovery, RRM/CSI measurement, radio link stability and DL scheduling efficiency. In order to minimize various performances degrading for U-Scell, we tend to support SCS scheme for LAA DRS in applicable regions.
Proposal 4: LAA DRS, including PSS/SSS, CRS, CSI-RS (optional) can be transmitted without LBT restriction for maintaining performances of RRM/RLM/CSI measurement and DL scheduling. For fine T/F synchronization purpose on UE side, CRS may have higher priority and transmission density than CSI-RS.

In the UL/DL configuration with U-Scell, the UL reference signals like SRS, PRACH may be further adapted for LAA as well.

For legacy “Activated” UE in Scell, the UL reference signals can be periodically and semi-continuously transmitted in the time domain, so that the serving eNB can synchronize/measure/schedule that UE efficiently.

For legacy “Deactivated” UE in Scell, all UL reference signals transmissions are stopped.

For LAA “Activated” UE in U-Scell, the UL reference signals may not be periodically or semi-continuously transmitted outside COT, so that the LAA eNB cannot synchronize/measure/schedule that UE efficiently.

For LAA “Deactivated” UE in U-Scell, all UL reference signals transmissions are stopped as well.

Proposal 5: LAA specific UL reference signals, including SRS, PRACH can be transmitted without LBT restriction for maintaining performances of UL synchronization and scheduling.
In addition, there may be other LAA specific issues worth studying further as below:

Issue 1: whether current RRM measurement events are sufficient to tackle all LAA specific mobility issues? E.g. new event related to WIFI interferences.

Issue 2: taking the LAA specific CCA operation into account, whether current RLM behaviours for Scell need to be extended for U-Scell? E.g. consecutive CCA failures over long time may imply bad radio link. 
Issue 3: due to strong intra-RAT interference coordinating/cancelling capability in LTE, whether CCA energy detection thresholds can be adapted for different interference source? E.g. If LAA capable eNB is aware that the interference comes mainly from other neighbouring LAA eNBs from the same operator, it may increase its CCA energy detection thresholds.

Issue 4: Due to very limited length of COT, how can eNB make better use of the delayed CSI/SRS feedbacks in order to get more efficient scheduling?

Issue 5: How LAA eNBs manage the U-Scell resources for DL/UL reference signals smartly in order to reduce unnecessary interferences?
Issue 6: etc…
Proposal 6: For LAA performance optimization, to study more about above LAA specific issues.
3 Conclusion
In this contribution, we have shed some further thoughts on RRM relevant issues for LAA Scell, and RAN2 is kindly asked to discuss following proposals:

Proposal 1: For most LAA DRS related issues, RAN2 should await RAN1’s study progress rather than making any preliminary assumption.
Proposal 2: UE should have separate RSSI measurement and report for “in COT” and “outside COT” status respectively.

Proposal 3: UE should have separate U-Scell relevant DMTC configurations for Dormant OFF-state and normal ON-state. UE should also have separate U-Scell relevant DMTC configurations for “in COT” and “outside COT” status.
Proposal 4: LAA DRS, including PSS/SSS, CRS, CSI-RS (optional) can be transmitted without LBT restriction for maintaining performances of RRM/RLM/CSI measurement and DL scheduling. For fine T/F synchronization purpose on UE side, CRS may have higher priority and transmission density than CSI-RS.

Proposal 5: LAA specific UL reference signals, including SRS, PRACH can be transmitted without LBT restriction for maintaining performances of UL synchronization and scheduling.
Proposal 6: For LAA performance optimization, to study more about above LAA specific issues.
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