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1 Introduction
Work item on Licensed-Assisted Access to unlicensed spectrum is approved in RAN#68 [1]. The detailed objectives of the work item are to specify support for the following functionalities:

	· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)

· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)

· UE support for carrier selection (RAN1, RAN2)

· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)

· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)

· Channel-State Information (CSI) measurement, including channel and interference (RAN1, RAN4)


This contribution provides our considerations on LAA from RAN4 RRM perspective.

2 Discussion
2.1 Overview on RRM impact on LAA
The following table provides a general overview on the RRM impact when LAA is introduced. The requirements which will not be impacted by LAA are marked with black font, and the requirements which may be impacted by LAA are marked with blue font. 
Table 1.Overview on RRM impact on LAA

	Impact sections
	Impact content

	Section 5 E-UTRAN RRC_CONNECTED state mobility 
	No impact(PCell is on licensed carrier)

	Section 6.1 RRC Re-establishment
	No impact (PCell is on licensed carrier)

	Section 6.2 Random access
	No impact (only focus on DL in this WI)

	Section 7.1 UE transmit timing
	No impact (only focus on DL in this WI)

	Section 7.2 UE timer accuracy
	The existing requirements can be reused 

	Section 7.3 Timing advance
	No impact (only focus on DL in this WI)

	Section 7.4 Cell phase synchronization accuracy (TDD) 
	The existing requirements can be reused 

	Section 7.5 Synchronization requirements for E-UTRAN to 1xRTT 
	Not related

	Section 7.6 Radio Link monitoring: 
	In our understanding, UE is not required to perform radio link monitoring (RLM) on LAA SCell and the network is assumed capable of detecting the failure of the LAA SCell in tracking the timing and frequency from CQI reports and RRM measurement. But there is no consensus so far. Whether the function is needed shall be based on the output from RAN2.(see section 2.2)

	Section 7.7 SCell Activation and Deactivation Delay for E-UTRA Carrier Aggregation
	Need to be further study (see section 2.3)

	Section 7.8 Interruption 
	Need to be further study (see section 2.4)

	Section 8.1: general  measurement requirements
	Need to be further study (see section 2.5)

	Section 8.2 Capabilities for Support of Event Triggering and Reporting Criteria
	No impact

	New Section 8.x Requirements for LAA measurement
	Including 2 main aspects:
(1) RRM measurements based on LAA DRS (see section 2.6)
(2) RSSI measurements (see section 2.7)

	Section 9 Measurement performance requirements for UE
	Need to be evaluated (see section 2.8)


2.2 Radio link monitoring

In our understanding, UE is not required to perform radio link monitoring (RLM) on LAA SCell and the network is assumed capable of detecting the failure of the LAA SCell by tracking the timing and frequency from CQI reports and RRM measurement. 
Proposal1: There is no need to perform RLM on LAA SCell.
However there is no consensus on whether RLM is needed on LAA SCell, and whether the function is needed shall be based on the output from RAN2.
2.3 Activation/deactivation
In Rel-12 SCE SCell, UE can expect to receive signals (such as PSS, SSS, CRS and optionally CSI-RS) from SCell as soon as it successfully decoded the activation MAC CE. For Rel-13 LAA SCell, the maximum channel occupancy time for LAA SCell is restricted. For example, the maximum channel occupancy time can be no longer than 10-13ms according to European regulation and less than 4ms according to Japan regulation. The off duration of LAA SCell can be very long if the channel is congested with transmissions of other LAA eNB or devices. 
As we know the SCell activation time for CA is 24ms for known cell and 34ms for unknown cell. Taking 24ms as an example, it includes the MAC CE decoding, feedback ACK/NCK, RF tuning/retuning, AGC adjust and 4DL subframes CRS based fine time and frequency synchronization. It seems reusing the activation time in CA to track LAA SCell dynamic on/off is not practical.
Proposal2: The existing activation time in CA is not applicable for LAA SCell.
RAN1 is discussing how to quickly detect the DL transmission, i.e., how the UE senses whether an activated LAA SCell is transmitting. Several approaches are provided in RAN1, e.g., new preamble design, blind data detection, etc. However the precondition of each approach is the RF chain of the LAA SCell is ON in order to able to receive the signals from the LAA SCell. In general there are 2 options to activate an LAA SCell:
· Activation is subject to LBT. 
When LAA SCell has successfully contended for a channel, an activation command could be notified to UE in subframe n, and then UE performs activation action. Hypothetically even if the UE is able to decode the MAC CE before the end of subframe n+1 and start receiving from subframe n+2, two subframes would still be wasted. The wasted time is considerable since the “on” duration in a burst is just 10-13ms (European) or 4ms (Japan). 
· Activation SCell in advance. 
An activation command from PCell could be signaled to UE before the data burst on LAA SCell is coming as shown in Figure 2. Afterwards the RF is always ON during the discontinuous transmission caused by LBT. The advantage of the option is that when transmission burst is coming, UE could receive and no need to perform activation action as described in option1. However the disadvantage is that the power is still consumed when no channel competed.
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Figure 2: Rel-13 LAA SCell on/off [2]
Activation procedure is discussing in RAN1and RAN2, further input is needed.
Proposal3: Further input of activation/deactivation is needed from RAN1 and RAN2.
2.4 Interruption
LAA is performed in 5GHz, and the possible implementation has some options, e.g., LAA SCell has a separate RF chain from licensed band, or single chipset is applied where LAA SCell and licensed carrier share the same PLL power supply. What’s the practical RF architecture of LAA depends on the conclusion from RF.
However we think a principle shall keep in mind is that the interruption on licensed serving cells caused by LAA shall be as little as possible. As we know, if single chipset architecture is applied, the actions of activation/deactivation and measurements would bring interruption to licensed serving cells.
Proposal4: No interruption is expected for PCell and licensed SCells.
2.5 Measurement gap
In non-LAA case, measurement gap is configured to perform inter-frequency measurement and it would bring interruption to PCell and SCells. As discussed in section 2.4, in LAA unlicensed band is 5GHz, so in some cases, the support for unlicensed bands at the UE could be done by a separate RF chain from the licensed band. This provides the possibility to enhance the measurement gap. For example, a LAA band specific gap would only impact LAA SCell service but would not cause interruption on the PCell and licensed SCells. 
Based on this assumption, some companies provide the viewpoint that defining measurement gaps being band-specific. If the definition is done, the related description of measurement gap needs modification in TS 36.133.
Proposal 5: The description of measurement gap in section 8.1 would be modified if measurement gap has new definitions.
2.6 Requirements for LAA measurements
It is agreed that the Rel-12 DRS can be used as a starting point for providing RRM functionality including cell identification. DRS transmission on LAA SCell is subject to LBT. There will be some instances where the DRS is not able to be transmitted in a periodic manner as in the case of the Rel-12 DRS transmitted on a cell in licensed spectrum. The following two options may then be considered for DRS design for LAA [3] .
1)
Subject to LBT, DRS is transmitted in fixed time position within the configured DMTC
2)
Subject to LBT, DRS is allowed to be transmitted in at least one of different time positions within the configured DMTC
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Figure 3. Figure 7.2.1.2-1: LAA DRS design options [3]
In Rel-12 when UE performs RRM measurements based on DRS, several samples during measurement period are needed. When DRS is used in LAA, it cannot be guaranteed that the DRS will be transmitted in a particular location in time due to LBT constraints as described above. RAN1 has agreed to have DRS design support of detection of DRS from a cell based on a single DRS occasion.

It shall be noted that in Rel-12 when UE identified a cell in the first time, afterwards it could perform RSRP/RSRQ measurements on the REs used for CRS transmission in the cell. However for LAA SCell measurements, due to the non-guaranteed transmission opportunities, UE shall perform cell identification every time. So cell identification and RSRP/RSRQ measurements shall be completed on a single DRS occasion.
Proposal6: The evaluation of cell identification and RSRP/RSRQ measurements on a single DRS occasion shall be carried out when the DRS design in RAN1 is ready. 
2.7 RSSI
In TR 36.889[3], for the purpose of detecting hidden node in channel selection, UE reporting of RSSI measurements to the eNB is considered useful. The eNB indicates which carriers(s) the UE should report RSSI for.

Whether UE perform RSSI based on DRS or not related with DRS, what's the content UE report (some companies think it is beneficial to report how often the RSSI is at certain levels) are under discussing in RAN1 and RAN2. RAN4 shall research the methodology of how to evaluate RSSI accuracy, report period,etc.
Proposal7: RAN4 shall evaluate the performance of RSSI measurements.
2.8 Measurement accuracy
It is straightforward to evaluate the DRS based RSRP and RSRQ since the DRS design would be different from Rel-12 DRS and the discontinuous transmission. For the new measurement quantity (RSSI), it is needed to define its measurement methodology and accuracy.
Proposal 8: DRS based RSRP and RSRQ in LAA shall be evaluated.

Proposal 9:The measurement methodology and accuracy shall be defined for RSSI.
3 Conclusion
This contribution provides further analysis on RRM impact on LAA. The following proposals are proposed:
Proposal1:There is no need to perform RLM on LAA SCell.
Proposal2: The existing activation time in CA is not applicable for LAA SCell.
Proposal3: Further input of activation/deactivation is needed from RAN1 and RAN2.
Proposal4: No interruption is expected for PCell and licensed SCells.
Proposal 5: The description of measurement gap in section 8.1 would be modified if measurement gap has new definitions.
Proposal6: The evaluation of cell identification and RSRP/RSRQ measurements on a single DRS occasion shall be carried out when the DRS design in RAN1 is ready.

Proposal7: RAN4 shall evaluate the performance RSSI measurements.

Proposal 8: DRS based RSRP and RSRQ in LAA shall be evaluated.

Proposal 9:The measurement methodology and accuracy shall be defined for RSSI.
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