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1   Introduction
Agreements have been reached related to the measurements in LAA system, as the followings [1]: 
· Consider RRM enhancements, including RSSI measurement and reports

· FFS: RRM measurement based on a single DRS occasion
· 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
This contribution discusses the impact of RRM measurement operations in LAA system based on RAN1 agreement, and analyses the feasibility of enhancing the measurement procedures in RAN2 specifications.
2   Discussion
2.1   Measurement GAP for inter frequency on LAA carrier
As LAA system operates on a different band from legacy LTE cells, a separate RF branch may be needed. When the separate RF for LAA is configured for component carrier receiving, measurement gap may be needed to measure the inter frequency neighbour cells due to interruption caused by RF bandwidth reconfiguration to cover the frequencies to measure. However, as per current specification, if gap is configured, all serving frequencies are interrupted regardless of the RF implementation. If we could configure a measurement gap only applied to LAA RF branch, interruption on licensed serving cells could be avoided when perform inter frequency on unlicensed cells. 
Observation 1: If separate measurement gap can be configured for LAA RF branch, the interruption on licensed carrier can be reduced when inter-frequency measurement is performed on LAA carrier.
2.2   DRS based measurement
2.2.1   LBT based DRS enhancement 
RAN1 has discussed possible DRS enhancement for LAA and lists two alternatives in [1] as following:

· 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
There were also some discussion on DRS structure, and the agreed DRS for LAA shall be that “transmission burst containing DRS signals should consist of continuous OFDM symbols”. In current DRS configuration, in addition to the DMTC period and ds-OccasionDuration, the reference signal configuration including the resources and offset for CSI-RS are also included. From RAN2 potion of view, the Rel-12 DRS configuration can be reused as baseline for Alt1and Alt2, though some modifications such as resource configuration and offset may be expected depending on the DRS structure design for LAA.
Observation 2: Rel-12 DRS configuration can be reused as baseline for both Alt1 and Alt2 of DRS transmission, though some modification such as resource configuration and offset may be expected depending on the DRS structure design for LAA.
In Alt1, the DRS transmission is not to be exempted from LBT requirement in LAA system, an LAA cell may not be able to transmit signals in a DMTC occasion duration if channel is not IDLE in the fixed subframe(s) for DRS transmission. In Alt2, if LBT prevents transmission of DRS in the fixed subframe(s), the DRS could be transmitted in different subframe(s) within the configured DMTC if LBT succeeds. This could increase the opportunity to transmit DRS in DMTC comparing to Alt1. However if channel is busy in the whole DMTC occasion duration, an LAA cell may still not be able to transmit signals in the DMTC occasion duration. In case a channel was busy for several consecutive DRS occasions, there may not be enough signal samples for UE to meet measurement accuracy requirement.
Observation 3: Comparing with alt1, alt2 could increase the opportunity to transmit DRS in DMTC. However, in case a channel was busy for several consecutive DRS occasions, there still may not be enough signal samples for UE to meet measurement accuracy requirement.
2.2.2   Modifications to Rel-12 DMTC configuration
· In order to reduce the impact of discontinuous transmission on DRS measurement, DRS could be transmitted with increased occasions by reducing DMTC period or extending DMTC window. 

· 
Shorter DMTC period:

By reducing DMTC period, there will be more DRS occasions in time duration. Even if some DRS occasions are not utilized due to the channel unavailability, there may still be sufficient DRS transmissions for UE to measure.
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Figure 2: Reduced DMTC period
· 
Extended DMTC window:
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Figure 3: Extended DRS window

As shown in Figure 3, when the channel is not available in a legacy DRS window, the DRS window can be extended to provide more opportunity for DRS transmission. When DRS cannot be transmitted in the legacy DRS window, an LAA cell can transmit DRS in the extended DRS window if the channel becomes available then. 
There would be need of more inter-frequency measurements if shorter DMTC period or extended DRS window is applied to DRS transmission in LAA system. As LAA system operates on a different band from legacy LTE cells, a separate RF branch may be needed. In case that LAA secondary cell is not configured, or LAA cells operate within the bandwidth of the LAA RF branch, no additional measurement gap would be needed. In general, however, more frequent or longer measurement gaps would need to be configured, for UE to measure DRS in shorter DMTC period or extended DRS window, if the operating frequencies of different LAA cells can’t be covered by a single RF circuit branch.

Observation 4: More frequent or longer measurement gaps would need to be configured, for UE to measure DRS in shorter DMTC period or extended DRS window.
2.3   Enhanced RRM measurement for LAA cell
In addition to the CRS/CSI-RS transmitted in DRS, some other CRS/CSI-RS are also expected in the LAA frame burst. As depicted in figure 4, the CRS/CSI-RS transmitted in LAA frame bursts could also be used for RRM measurement.  This requires that eNB inform to UE the start and end of LAA frame burst. As with the scheduled DRS transmission, the existence of the paired licensed spectrum can be taken advantage to provide UE with the indication of the presence of LAA frame burst. 
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Figure 4: Enhanced RRM measurements for LAA cell

Observation 5: The RRM measurement may be further enhanced by configuring UE to also measure the CRS/CSI-RS transmitted in LAA frame bursts, whose presence can be indicated through the paired licensed spectrum.

2.4   RSSI measurement and report
In the current LTE specification, RSRP, RSSI and RSRQ are specified and only RSRP and RSRQ could be reported to eNB by the UE. In [1], RAN1 has agreed to consider the enhancement on RRM measurement including the RSSI measurement and report. However, no consensus use case for RSSI report has been indentified so far in RAN1. RSSI report mechanism may be discussed after use cases for RSSI report are identified and RAN1 has agreed to introduce RSSI report.
Observation 6: RSSI report mechanism may be discussed once use cases for RSSI report are identified and RAN1 has agreed to introduce RSSI report.
2.5   CSI measurement for LAA cell 
The discontinuous transmission on LAA cell also presents challenges in the use of the CSI report of SCell on licensed spectrum. As depicted in the Figure 5, the existing CSI reporting mechanism would not have a valid CSI report available in LAA cell until the 5th subframe of the LAA frame burst. Though CSI report is used mainly for scheduling reference to select proper MCS level for DL transmission (which is mainly of RAN1 concerns), it has been assumed that RLF on SCell can also be detected in network from CSI report. Hence, UE is not required to perform RLM monitoring on SCell, and the network is assumed capable of detecting the failure of UE in tracking the timing and frequency on the SCell from CSI report.
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Figure 5: LAA frame burst and CSI report
When LAA cell stops transmission due to the channel unavailability, all UEs will report invalid CQI value. Then, an eNB would not be able to differentiate a UE experiencing RLF from another UE still keeping valid tracking of the frequency and timing for downlink transmission. 
Observation 7: Discontinuous transmission on LAA cell may present challenge in assuming that SCell RLF can be detected from CSI report.
3   Conclusion
In this contribution, we discussed the impact of discontinuous transmission on measurement related operations in LAA system, and made the following observations:
Observation 1: If separate measurement gap can be configured for LAA RF branch, the interruption on licensed carrier can be reduced when inter-frequency measurement is performed on LAA carrier.
Observation 2: Rel-12 DRS configuration can be reused as baseline for both Alt1 and Alt2 of DRS transmission, though some modification such as resource configuration and offset may be expected depending on the DRS structure design for LAA.
Observation 3: Comparing with alt1, alt2 could increase the opportunity to transmit DRS in DMTC. However, in case a channel was busy for several consecutive DRS occasions, there still may not be enough signal samples for UE to meet measurement accuracy requirement.
Observation 4: More frequent or longer measurement gaps would need to be configured, for UE to measure DRS in shorter DMTC period or extended DRS window.
Observation 5: The RRM measurement may be further enhanced by configuring UE to also measure the CRS/CSI-RS transmitted in LAA frame bursts, whose presence can be indicated through the paired licensed spectrum.

Observation 6: RSSI report mechanism may be discussed once use cases for RSSI report are identified and RAN1 has agreed to introduce RSSI report.

Observation 7: Discontinuous transmission on LAA cell may present challenge in assuming that SCell RLF can be detected from CSI report.
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