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1. Introduction

A new Rel 13 Study Item on Licensed-Assisted Access using LTE has been approved [1] with work in RAN2 starting in RAN2#89. In this contribution, we provide an overview of the functionalities required in order to support LAA-LTE in the 5GHz unlicensed band while taking into account the design targets defined in the TR [2] and initial agreements in RAN1 [3]. 
2. Design targets and functionality for LAA-LTE
2.1. Design targets for LAA-LTE
The following design targets are identified in the TR 36.889:

· A single global solution framework allowing compliance with any regional regulatory requirements

· Effective and fair coexistence with Wi-Fi.

· Effective and fair coexistence among LAA networks deployed by different operators
Based on the above requirements, an initial set of agreed required functionalities for LAA have been agreed by RAN1 [2]:

· Listen-before-talk (Clear channel assessment)

· Discontinuous transmission on a carrier with limited maximum transmission duration

· Dynamic frequency selection for radar avoidance in certain bands/regions

· Carrier selection
In addition, RAN1 has also agreed [3] on a set of functionalities to be supported by LAA
· RRM measurement including cell identification
· AGC setting

· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
From RAN2’s perspective it is of key importance to ensure that procedures for LAA-LTE can provide the necessary functionality to meet the coexistence requirements both with respect to Wi-Fi and across LAA-LTE networks. 
In the following sections, we discuss several mechanisms that enable and improve coexistence for LAA-LTE. 
2.2. RRM measurement and cell identification
According to RAN1’s agreement:

· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
In Rel 12, discovery reference signals (DRS) were introduced in order to allow a cell to alternate periodically between On and Off states. Rel. 12 DRS works by configuring the UE with a DMTC (discovery measurement timing configuration) which includes subframes on which the UE performs RRM measurements. The UE may not assume transmission of reference signals outside of the configured subframes.
However, if a single global solution is targeted for LAA LTE, Rel 12 DRS alone may not be able to provide all the necessary functionality for RRM. In particular, LBT (which is mandated in Japan and Europe for unlicensed bands [2]) may also be required for LAA-LTE cells transmitting DRS.  In case DRS is subject to LBT, there is uncertainty at the UE on whether the DRS is present or not during the configured subframes, potentially resulting in poor RRM measurement performance.    
Therefore, we believe that, while Rel12 DRS provides a good initial framework for RRM measurement including cell identification, such framework needs to be extended in case of LAA-LTE operating under LBT requirements.
We therefore make the following proposal:

Proposal 1: Extend the Rel12 DRS for LAA-LTE by incorporating the LBT requirement for DRS transmissions. 
As a baseline, we can consider the possibility of transmitting the DRS asynchronously, but within a configurable periodic window and subject to LBT. This allows some flexibility at the eNB on when to send the DRS: in case the CCA procedure is not successful for the eNB at the start of the window, it may still transmit the DRS if the CCA is successful at a later subframe of the window. At the same time, the periodic window enables the UE to know when to attempt to perform DRS measurements. The details of the measurement procedure at the UE within the window can be specified by RAN1.
Proposal 2: As a baseline, consider introducing support for asynchronous transmission of DRS within a periodic measurement window. 
2.3. Channel selection measurements

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.

Note that the interference condition is significantly impacted by the deployment: while in some dense deployments the eNB implementation may be able to acquire sufficient information about its surrounding nodes, the presence of hidden nodes near the UE could cause additional interference impacting the UE’s performance. 

Observation 1:  Carrier selection should be performed by taking into account the observed interference level at the UEs. 

The current RRM framework in LTE is based on measurement by UE of a cell’s RS, i.e, it does not generally allow for selection of carriers with low interference from the UE’s point of view.  Furthermore, the transmission of RS in itself may change the interference in the carrier (e.g due to other nodes backing off during the transmission), which could result in overly-optimistic interference estimates caused by other nodes. We therefore propose:

Proposal 3: Introduce UE reported interference measurements for channel selection.
Proposal 4: Consider UE reported RSSI as baseline for interference level reporting.
2.4.  PLMN identification
Fair coexistence between nodes deployed by different operators is an important requirement in LAA-LTE design. Unlike in a typical licensed deployment, LAA-LTE cells may be deployed by multiple operators and in the same band and even in close proximity of each other. 
In order to uniquely identify whether cells in the surrounding area of an eNB belong to the same or different operator, an ANR function may be used. The ANR function relies on cells broadcasting their global identity (CGI/ECGI) which the UE acquires and reports to its serving eNB. The eNB and O&M may thus gain knowledge of the presence of same/different operator cells in the same area. We thus propose that:

Proposal 5: Broadcast of CGI/ECGI is supported by LAA cells at least for ANR purposes.
2.5. In-device coexistence
Current devices already support multiple radio technologies. In particular an LAA-LTE enabled device may also support WiFi. 

However, due to the deployment of LAA and WiFi in the same band, in-device coexistence (IDC) issues may arise: since the radios are in close proximity, a transmission in one radio may cause IDC problems on another radio. 

In [1] the following requirement related to IDC is stated:

Identify and define design targets for coexistence with other unlicensed spectrum deployments, including fairness with respect to Wi-Fi and other LAA services. This should be captured in terms of relevant fair sharing metrics, e.g., that LAA should not impact Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; these metrics could include throughput, latency, jitter etc. This should also capture in-device coexistence for devices supporting LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect Wi-Fi networks during LAA operation; note that this does not imply concurrent LAA+Wi-Fi reception/transmission. This should also capture co-channel coexistence between different LAA operators and between LAA and other technologies in the same band 
Therefore, it should be possible for background Wi-Fi scanning to occur in a multi-mode device while LAA-LTE is operating. These occasional scanning procedures should ideally result in minimum interruption on LAA-LTE, i.e, not result in de-activation of the LAA-LTE cell. 
In order to satisfy the IDC requirement, the existing IDC solutions based on TDM or UL denial rate can be considered as baseline.
Proposal 6: Wi-Fi background scanning is supported during LAA operation for a LAA+Wi-Fi capable UE.
Proposal 7: Consider the existing IDC solutions as starting point for supporting Wi-Fi background scanning during LAA operation.
3. Conclusion
In this contribution we provide an overview of required functionalities for LAA support, focusing in particular on mechanisms to enable better coexistence in the 5GHz band. The following proposals were made:

Proposal 1: Extend the Rel12 DRS for LAA-LTE by incorporating the LBT requirement. 

Proposal 2: As a baseline, consider introducing support for asynchronous transmission of DRS within a periodic measurement widow. 
Proposal 3: Introduce UE reported interference measurements for channel selection.
Proposal 4: Consider UE reported RSSI as baseline for interference level reporting.
Proposal 5: Broadcast of CGI/ECGI is supported by LAA cells at least for ANR purposes.

Proposal 6: Wi-Fi background scanning is supported during LAA operation for a LAA+Wi-Fi capable UE.
Proposal 7: Consider the existing IDC solutions as starting point for supporting Wi-Fi background scanning during LAA operation.
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