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1
Introduction
This document discusses the discovery procedure, RRM, CQI Measurements and reporting enhancements for LAA.  
2
Discovery Procedure and RRM for LAA
2.1 
Regulatory requirements
Several regulatory domains allow the transmission of low duty cycle control signalling without performing the clear channel assessment (CCA) procedure. For example, the ETSI regulations allow for short control signalling with a maximum duration of 5% once every 50ms. However, several other regulatory domains such as Japan do not allow for CCA exempt short control signalling. 

2.2
Discovery Signal Transmission

Each eNB transmits a discovery signal consisting of a PSS, SSS and CRS to enable UEs and another nodes operating on the same channel to discover the eNB and perform (fine) timing and frequency synchronization. The discovery signal may also carry some information about the deployment and some unlicensed carrier specific parameters such as the PLMN ID, frequency of other unlicensed carriers associated with the same eNB, cell association parameters, frame structure and LBT parameters etc. in a new unlicensed system information block (eSIB). This enables the UEs of neighbouring cells perform RRM measurements and allows for better co-existence between nodes of different deployments. In addition, the discovery subframe may optionally contain CSI-RS signals to enable UEs to perform CQI measurements.
In regulatory domains which allow the transmission of the discovery signal with CCA at the eNB, the discovery signal is at least transmitted for 1ms once at the beginning of every discovery period. For regulatory domains which do not allow CCA exempt transmissions (CET), we propose to transmit the discovery signal in a window at the beginning of each discovery period. The duration of the window is long enough to enable eNB to obtain channel access with a high probability within the window, but also small enough to reduce the complexity at the UE receiver. 
In a unified solution covering all regulatory domains, the discovery signal is transmitted in the discovery window in each discovery period which may additionally include the short control signalling based CET when permitted (Note that the discovery window also includes the CET subframe). The information content in the discovery signal is also (re)transmitted opportunistically at pre-defined subframes which occur periodically if the subframe is a valid DL subframe. 
In addition, the PSS/SSS/CRS and optionally CSI-RS can also be transmitted in the first subframe of each radio frame as long as the subframe is a valid DL subframe. As discussed in [1], the UE can determine whether a subframe is a valid DL subframe by the indication in the reservation signal at the start of each subframe. This enables a connected UE to correctly rate match around the transmissions received from the eNB.
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Figure 1: Discovery signal transmission with CCA exempt and opportunistic (re)transmission (SFN = System Frame Number)
2.3
RSSI Based Reporting for Carrier Selection

Support for carrier selection is one of the key functionalities identified in the TR 36.889:


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 is 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. Hence, 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 CRS or CSI-RS and reporting of RSRP/RSRQ, i.e, it does not generally allow for identification and reporting of cells without the presence of LTE signal.  Furthermore, the transmission of a reference signal 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. 

Unlike RSRP/RSRQ, RSSI measurements do not require the presence of reference signals. We therefore propose introducing UE reported RSSI as a mechanism to allow channel selection of low interference carriers. 

3
CQI Measurement and Reporting Enhancements
In the current LTE specification, the reference subframe carrying the CSI-RS and CSI-IM is deterministic and known apriori. However, in unlicensed spectrum, the presence of CSI reference signals is a function of whether the subframe is a DL subframe. The CSI-RS are transmitted opportunistically when eNB obtains channel access. If the eNB does not obtain channel access very frequently, then the reported CQI could be outdated. 

One potential enhancement to the transmission of CSI reference signals is to include them in the discovery subframe in addition to other possible locations. As the eNB attempts to broadcast the discovery signal periodically, the CSI reference signals in the discovery subframe can provide a reference for CQI reporting. This is especially helpful when the traffic is uplink heavy and the eNB has very few opportunities to transmit the CSI reference signals. 

The eNB can configure the UE to support both periodic CSI-RS and CSI-IM transmissions as well as periodic and aperiodic reporting depending on the operating conditions on the channel. Some potential enhancements would be to spread out the CSI-IM resources over multiple symbols in a subframe. This would reduce the impact caused by short bursty interference such as WiFi control or ACK packets on the CSI report. In addition, to reduce overhead to CSI-RS and CSI-IM resources, the configured periodicity of both these transmissions can be independent of each other.

If the adaptive frame structure is adopted for LAA, the number of DL subframes in each transmission burst is determined dynamically and using the existing procedure to determine the timing of valid CSI reference subframes in the licensed spectrum may no longer be applicable. The UE now determines the validity of CSI reference signals based on the frame structure indication by the eNB.
Another potential enhancement to CSI reporting procedure is to reduce the amount of time between the transmission of CSI reference signals, triggering of the CSI report and CSI feedback. This ensures the UE always provides CQI reports based on the latest CSI reference signals to the eNB as the CSI based on previously transmitted reference signals could be highly outdated in the unlicensed spectrum due to fast varying interference conditions.
4


Conclusions 

In this document, we discuss some options for discovery signal transmission, CQI measurement and reporting enhancements. 
Proposal:

1. Discovery signal opportunistically transmitted in a window every DMTC period and opportunistically at valid DL subframes at pre-defined locations

2. CSI reference signals in the discovery subframe, decoupled CSI-RS and CSI-IM periodicity and fast CSI reporting 
3. RSSI measurement reporting for carrier selection
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