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1. Introduction

During the RAN2#89 and RAN2#89bis meetings, RAN2 had initial discussions on the RRM framework for LAA-LTE. In the meantime, RAN1 has made further progress, particularly with respect to the DRS signal structure. In this contribution, we continue the discussion on RRM for LAA by taking into account the latest agreements taken by RAN1 and further discussing the design principles and requirements for LAA RRM.   
2. Discussion
In the RAN2#89, the following agreement was made, considering DRS as a starting point for LAA RRM [1]:

With DRS as starting point, RAN2 considers the RRM measurement and reporting would be feasible for LAA. Further input from RAN1 is required (e.g. whether RSRQ is supported; how DRS differs from Rel-12; …)
Afterwards RAN1 made further progress on DRS during the RAN1 LAA Ad-Hoc[3] and RAN1 80bis [2]:

	RAN1 Agreements impacting RRM in LAA
Agreements on RRM and RSSI measurement reports:
· Consider RRM enhancements, including RSSI measurement and reports

· FFS: RRM measurement based on a single DRS occasion

Agreements on DRS functionality:
· It is a design target that the following signals or combination of the following signals can provide functionality for the UE’s time/frequency synchronization for the reception of a DL transmission burst in LAA SCell(s)

· serving cell’s DRS for RRM measurement

· Note that DRS for RRM measurement can be used at least for coarse time/frequency synchronization

· Reference signals imbedded within DL transmission bursts (e.g. CRS and/or DMRS)

· If there is an additional reference signal, this signal can be used

· Note that Reference signals can be used at least for fine time/frequency synchronization

· FFS: Other candidates (e.g., initial signal, DRS)

Agreement on candidate DRS time location and position within subframe:
· Followings are updated agreements (bold fonts are updated points) from LAA ad-hoc meeting (see minutes in R1-151455) 

· 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: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC

· Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC if LBT succeeds
· Note: The number of different time positions should be restricted

· Note: One possibility is one time position in the subframe

· 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

Observation:
· UE physical layer can not distinguish Rel-12 DRSs for cells that belong to different operators based on Rel-12 DRS alone




In terms of RAN2’s work, the above agreements should be taken into account by considering:

· The further details on LAA DRS provided by RAN1
· Introduction of RSSI measurement reporting

2.1.  RRM measurements based on LAA DRS
2.1.1. DRS configuration

Figure 1 and Figure 2 illustrate general examples of how the LAA DRS may be configured in accordance with RAN1 identified Alt1 and Alt2, respectively:
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Figure 1: Configuration of DRS within the DMTC window – Alt 1
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Figure 2: Configuration of DRS within the DMTC window – Alt2 
As shown in Figure 1 and Figure 2, the LAA DRS is subject to LBT and may occur only at a fixed time position (Alt 1) or in multiple time positions within a limited set of possibilities (Alt 2).  The configured DRS timing information for a LAA SCell is with respect to the PCell.  In Alt2, during separate instances of the periodic DMTC window the DRS position may change (e.g due to LBT not being successful at the same position at every DMTC occurrence), but only within the configured fixed positions. Note that the LAA SCell may also transmit DRS outside the DMTC window, but the UE does not have a-priori knowledge of such transmission.

We therefore make the following proposal for the DRS signal configuration, taking into account the commonalities of Alt1 and Alt 2:

Proposal 1: The LAA DRS configuration includes at least

a) a periodically occurring DMTC window where the UE may assume DRS transmissions could occur; and
b) one time position within the DMTC window where the UE may assume DRS transmission from a LAA SCell may occur. Whether multiple time positions may be configured is FFS. 

2.1.2. Serving LAA cell measurements
According to the RAN1 agreement, the DRS of the serving cell is used by the UE to perform time/frequency synchronization and RRM measurements. Since UE performs RRM measurements for both activated and de-activated serving cells, and the LAA SCells cannot be guaranteed to be always transmitting, it is a requirement that DRS configuration is available for each LAA SCell that is configured.

Proposal 2: The UE is always maintains a valid DRS configuration for each configured LAA SCell 
Since there can only be one serving cell configured per frequency, we propose that the DRS configuration is also per frequency and included in the measurement object. A single DRS configuration also allows the UE to optimize its wake-up time for RRM measurements, and, hence, save power.
Proposal 3: There is a single DRS configuration per LAA configured frequency for the UE  

2.1.3. Neighbor LAA cell measurements

Neighbor LAA cell measurements and reporting are important in LAA, as they allow UE to report other LAA SCells operating in the same channel to the eNB. This is important for coexistence under the presence of hidden LAA nodes, to enable efficient channel selection algorithms and maintain good overall performance. 
Unlike the serving cell, neighbor LAA cells may not be necessarily frame-synchronized (e.g within ~31μs) with the PCell, since:

· LAA SCells from the same PLMN may be co-located with licensed carrier cells that are asynchronous
· LAA SCells of different PLMNs will not be synchronized unless inter-operator coordination occurs  

In order for the UE to report neighbor cells while minimizing the power consumption impact, we propose that that the UE applies the same DMTC window configuration for both serving and neighbor cells in a LAA frequency.  
Proposal 4: A common DMTC window configuration is applied for all measurements in a LAA frequency.   

Note that the DRS position configuration for neighbor LAA cells will not be necessarily the same as in the UE’s DRS configuration when asynchronous neighbors are present. Hence, when searching for neighbor LAA cells within the DMTC window, the UE will attempt to find and measure DRS occurrences outside of the configured time positions. This is illustrated in Figure 3. 
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Figure 3: Neighbor cell DRS measurement within the configured DMTC 
When the UE reports a neighbor LAA SCell, it would be beneficial to also indicate whether this LAA neighbor is synchronized. This would be useful, for example to support configuration of new LAA SCells or identifying potential LAA cells from different PLMN being present.
Proposal 5: A common DMTC window configuration is applied for all measurements in a LAA frequency.   
Neighbor LAA SCells may be on the same or different frequencies from the serving cells. In case of inter-frequency neighbors, measurement gaps may need to be configured to allow the UE to perform measurements. As currently defined, measurement gaps cause service interruptions on all serving cells of the UE in both uplink and downlink for the duration of the gap. Given that in many cases the support for unlicensed bands at the UE will be done by a separate RF chain from the licensed band, it makes sense to define gaps that are band-specific. 

For example, a LAA band specific gap would only impact LAA SCell service but would not cause interruption on the PCell. Given the importance of channel selection algorithms for performance and coexistence in the unlicensed spectrum, such enhancements that enable better LAA operation without impacting licensed carriers should be considered. 
Proposal 6: Introduce band-specific measurement gaps to support inter-frequency LAA measurements without impacting the configured licensed carriers.   
2.2. RSSI measurement and reporting for LAA
Support for carrier selection is one of the key functionalities identified in the TR 36.889 [2]


As there is a large available bandwidth of unlicensed spectrum, carrier selection is required for LAA nodes to select the carriers with low interference and with that achieve good co-existence with other unlicensed spectrum deployments.
It seems clear that appropriate identification of low interference carriers in the unlicensed band plays an important role in co-existence. Besides, by minimizing interference the overall system performance is also improved.
Thus, RSSI measurements and reports are being considered for LAA in RAN1 as reflected in the following agreement from the RAN1 LAA Ad-Hoc [3]:

· Consider RRM enhancements, including RSSI measurement and reports
We believe RSSI reporting in LAA-LTE would serve two important purposes:

1- Performing RRM measurements in frequencies where DRS is not transmitted, i.e., to allow selection of unoccupied channels
2- Detection of presence of other interference with bursty nature (e.g from WLAN transmissions) 

According to the purposes identified above, we propose to define the following RSSI measurements for UE reporting:

· Average RSSI: The average RSSI observed by the UE over a configured observation time
· RSSI probability: The percentage of time individual RSSI measurements over the observation time exceeds a threshold. 
Proposal 7: Introduce measurements of average RSSI and RSSI probability for reporting in LAA

Furthermore, there are additional differences between RSSI reporting and the current RSRP/RSRQ report, which should be taken into account:

· RSRP/RSRQ measurements are reported on a per-cell basis, while RSSI measurements should at least be reportable on a per-frequency basis in order to identify unoccupied channels 

· New reporting events need to be defined based on RSSI based on a per-frequency comparison, instead of per-cell comparison
Proposal 8: Introduce per-frequency reporting configurations in LAA-LTE.

3. Conclusion
In this contribution we consider RRM enhancements to support LAA-LTE. The following proposals were made:

Proposal 1: The LAA DRS configuration includes at least

a) a periodically occurring DMTC window where the UE may assume DRS transmissions could occur; and

b) one time position within the DMTC window where the UE may assume DRS transmission from a LAA SCell may occur. Whether multiple time positions may be configured is FFS. 

Proposal 2: The UE is always maintains a valid DRS configuration for each configured LAA SCell 

Proposal 3: There is a single DRS configuration per LAA configured frequency for the UE  

Proposal 4: A common DMTC window configuration is applied for all measurements in a LAA frequency.   

Proposal 5: A common DMTC window configuration is applied for all measurements in a LAA frequency.   
Proposal 6: Introduce band-specific measurement gaps to support inter-frequency LAA measurements without impacting the configured licensed carriers.   
Proposal 7: Introduce measurements of average RSSI and RSSI probability for reporting in LAA

Proposal 8: Introduce per-frequency reporting configurations in LAA-LTE.

Reference

[1] RAN2 #89, Chairman’s notes, Athens, Greece.
[2] RAN1 #80bis, Belgrade, Serbia, April 20th-24th, 2015.
[3] RAN1 LAA Ad-Hoc, Paris, France, March 24th-26th, 2015.
1
1

_1493102223.vsd
T = DMTC period


K = DMTC offset


...


0



_1493101572.vsd
T = DMTC period


K = DMTC offset


...


0



