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1 Introduction
With continuous RAN1 technical findings as summarized in [1], [2] and [3], RAN2 is supposed to kick off the LAA relevant discussion within its own scope. In this contribution, we shed some initial thoughts on the measurement aspects for LAA system, including cell discovery/identification, synchronization, RRM measurement etc.
2 Discussion 
Per latest RAN1 agreements, the usage of unlicensed carriers’ resource for data transmission is restricted to be in the form of low power small SCells within the legacy CA context. Due to uncertain resource availability and complex radio environment on unlicensed carriers, the LAA unlicensed Scell (denoted as U-Scell hereafter for brevity) can only be acquired and used after passing successful CCA/CS (Clear Channel Assessment or Carrier Sensing).
For particular LAA-TP (either eNB or UE) based on LTE enhancement, it can perform data transmission with U-Scell(s) in the COT (Channel Occupancy Time) window; meanwhile it is also supposed to transmit some reference signals out of the COT window for purposes like: U-Scell discovery, synchronization, RRM/RLM/CSI measurement etc.
2.1 LAA specific DL reference signals
For legacy “ON-state” Scell on licensed carrier, the DL reference signals like PSS/SSS, CRS, and CSI-RS can be periodically and continuously transmitted in the time domain, so that the served UE can discover/identify/synchronize/measure that Scell efficiently.
For legacy “OFF-state” Scell on licensed carrier, Rel-12 DRS technique was introduced and enables UE to discover/identify/synchronize/measure that Scell effectively meanwhile its RRM relevant performances are not degraded much.
For “ON-state” U-Scell on unlicensed carrier, the DL reference signals like PSS/SSS, CRS, CSI-RS may not be transmitted out of the COT window as much as above Scell case due to unlicensed resource uncertainty, hence it has been agreed that the Rel-12 DRS technique can be the starting point for at least RRM measurement including U-Scell(s) identification, which means that some “longer periodical and sparse” LAA specific DL reference signals can still be transmitted out of  the COT window, so that the served UE can still discover/identify/synchronize/measure that U-Scell before it enters its COT window. After U-Scell entering its COT window, the LAA specific DL reference signals can become relatively “shorter periodical and dense” again for more efficient U-Scell discover/identification/ synchronization/RRM measurements.
For “OFF-state” U-Scell on unlicensed carrier, there is no COT involved at all, as the U-Scell is always dormant, so above LAA specific DL reference signals for the “out of COT window” can be applied. From above analysis, we can have following observations:
Observation 1: The Rel-13 “in/out of COT window” concept for U-Scell is a bit like Rel-12 “ON/OFF” concept for Scell, but they are actually independent concepts and have different technical meaning behind, so should be strictly distinguished.
Observation 2: For “OFF-state”, there is no big difference between Scell’s and U-Scell’s discovery signal and similar Rel-12 DRS pattern can be used as baseline. For “ON-state”, there is only one group of DL reference signals for Scell (always transmitted), but two groups of reference signals for U-Scell: namely one for “in COT window” (denoted as U-RS_cot) and the other one for “out of COT window” (denoted as U-RS_non-cot) respectively.
Proposal 1: To distinguish Rel-13 “in/out of COT window” concept and Rel-12 “ON/OFF” concept, and to introduce two groups of DL reference signals for U-Scell: U-RS_cot and U-RS_non-cot.
2.2 U-Scell discovery
Legacy UE relies on semi-always-on PSS/SSS and CRS signals to identify target licensed cells and to keep tracking of their T/F fluctuation. For co-located and intra-band CA deployment, the T/F synchronization relation between Pcell and Scell can be much aligned, however, for non-collocated or inter-band CA deployment, the T/F synchronization relation between Pcell and Scell can not fully aligned, hence UE needs to measure both PSS/SSS and CRS as much as possible in Scell together with Pcell in order to get synchronized.

Whenever LAA capable eNB has deployed certain U-Scell with certain unlicensed bandwidth, it could treat it configurable in the same way as legacy Scell. For energy saving purpose, eNB may keep that U-Scell in “OFF-state” at beginning and transmits DRS in the same way as other Scell(s) (FFS: with CCA or not); then with DMTC configuration or other assistant mechanisms, the pioneer UE may discover that “OFF-state” U-Scell effectively similarly as Rel-12 legacy way. After eNB switches that U-Scell into “ON-state”, it should transmit U-RS_non-cot before really acquiring U-Scell resources for data transmission (FFS: with CCA or not). After entering COT window, eNB still needs to transmit U-RS_cot for more efficient measurements. Hence strictly speaking, there are three basic types of U-Scell discovery process as follows:
Type 1: UE discovers certain “OFF-state” U-Scell with Rel-12 DRS alike signal.

Type 2: UE discovers certain “ON-state” U-Scell with Rel-13 U-RS_non-cot signal.

Type 3: UE discovers certain “ON-state” U-Scell with Rel-13 U-RS_cot signal.

The intuitive feeling about ranking the reference signal density of above three basic types may be: 

Type 3 > Type 2 > Type 1
Proposal 2: To confirm above three basic types of U-Scell discovery process.
2.3 LAA specific RRM/RLM/CSI measurement performances
With Type 1 U-Scell discovery process, UE can discover and report the target U-Scell but the corresponding RRM measurement accuracy may be FFS in RAN4, as U-Scell may transmit even sparser DRS due to CCA operation. There is no RLM/CSI measurement involved in such type.
Observation 3: With CCA operation, the “OFF-state” U-Scell discovery performance may get degraded.
 With Type 2 U-Scell discovery process, for UE not yet configuring that U-Scell, it may discover that U-Scell a bit more easily due to denser U-RS_non-cot signals. For UE already configured that U-Scell, up to the actual density of U-RS_non-cot signals, it may or may not perform sufficiently accurate RRM/CSI measurement and/or keep synchronized with that U-Scell. If the density of U-RS_non-cot signals is low due to CCA operation, then UE may not perform accurate RRM/CSI measurement and may also de-synchronize with U-Scell, furthermore without enough CSI feedbacks, eNB shall only schedule DL data with predetermined TM and MCS, e.g. TM2 and MCS0; otherwise without CCA operation, the measurements/DL scheduling performances can be some level guaranteed.
Observation 4: With CCA operation, the “ON-state” U-Scell out of COT window RRM/CSI measurement performances, radio link stability and DL scheduling efficiency may get degraded.
With Type 3 U-Scell discovery process, for UE not yet configuring that U-Scell, it may discover that U-Scell most easily due to densest U-RS_cot signals. For UE already configured that U-Scell, the RRM/CSI measurement performances and radio link stability are comparable to Scell case.
Observation 5: The “ON-state” U-Scell in COT window RRM/CSI measurement performances and radio link stability is comparable to Scell case.
Based on above observations, the density of LAA specific DL reference signals are critical to RRM/RLM/CSI measurement performances, and it does not only rely on “LAA specific DMTC configuration” but also impacted by CCA operation. If CCA operation must be done before transmitting DL reference signals, then there will always be some uncertainty for RRM/RLM/CSI measurement performances; otherwise, RRM/RLM/CSI measurement performances can be some level guaranteed.
For above reasons, we propose LAA specific DL reference signal can be transmitted without CCA, but their total amount/time interval cannot exceed relevant regulatory requirement, e.g. below 5%.
Proposal 3: LAA specific DL reference signals, including PSS/SSS, CRS, CSI-RS can be transmitted without CCA operation for guaranteeing RRM/RLM/CSI measurement and DL scheduling performances. For fine synchronization purpose on UE side, CRS may have higher priority or density than CSI-RS.
There is one RSSI over-estimating issue worth mentioning here. In case LAA specific DL reference signals can be transmitted without CCA, the UE measured RSSI value cannot roughly reflect the serving U-Scell’s load level, leads to under-estimated RSRQ, as it includes all the interferences from other neighbouring nodes. However, as long as the density of interfered DL reference signals is low, the RSSI over-estimating issue can be ignored.
2.4 LAA specific UL reference signals
In joint UL/DL configuration for U-Scell, the UL reference signals like SRS, PRACH may be further adapted for LAA system.
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 in the time domain, e.g. UE may not be able to transmit them as much as above Scell case out of COT window due to CCA, so that the serving eNB cannot synchronize/measure/schedule that UE efficiently.

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

Observation 6: If UE is deactivated, there is no big difference for UL reference signals transmission between Scell and U-Scell case.
Observation 7: If UE is activated, similar as DL reference signals transmission, the U-Scell out of COT window SRS measurement performances and radio link stability may get degraded.
Proposal 4: LAA specific UL reference signals, including SRS can be transmitted without CCA operation for guaranteeing SRS measurement and UL scheduling performances.
2.5 Others

Regarding the RRM/RLM/CSI measurement/report configuration via L3 signalling and corresponding behaviours, there is no much fundament difference between LAA and legacy CA case. Beyond that, there may be some LAA specific issues worth further studies.

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 5: For LAA system performance optimization, to study more about above LAA specific issues.
3 Conclusion 
In this contribution, we have shed some initial thoughts on various measurement aspects for LAA system, and RAN2 is kindly asked to discuss following proposals:
Proposal 1: To distinguish Rel-13 “in/out of COT window” concept and Rel-12 “ON/OFF” concept, and to introduce two groups of DL reference signals for U-Scell: U-RS_cot and U-RS_non-cot.

Proposal 2: To confirm above three basic types of U-Scell discovery process.
Proposal 3: LAA specific DL reference signals, including PSS/SSS, CRS, CSI-RS can be transmitted without CCA operation for guaranteeing RRM/RLM/CSI measurement and DL scheduling performances. For fine synchronization purpose on UE side, CRS may have higher priority or density than CSI-RS.

Proposal 4: LAA specific UL reference signals, including SRS can be transmitted without CCA operation for guaranteeing SRS measurement and UL scheduling performances.
Proposal 5: For LAA system performance optimization, to study more about above LAA specific issues.
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