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1 Introduction
In RAN1#79, the agreements for the Study Item on Licensed-Assisted Access (LAA) included the following [1]:

Agreements:
· Support at least the following functionalities in addition to the current LAA TR on the unlicensed band
· RRM measurement including cell identification
· AGC setting
· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference
· Rel-12 DRS can be the starting point for at least RRM measurement including cell identification
This contribution presents PHY-layer options for the support of radio-resource management (RRM) measurements including cell identification, AGC setting, coarse synchronization and fine time and frequency estimation at the UE on LAA SCells. 
2 Discussion
It is clear that the combination of listen-before-talk (LBT) and discontinuous transmission on LBT SCells makes it infeasible to guarantee transmission of LTE reference signals in some regions of the world where regulatory requirements do not allow short control transmissions without LBT. This affects the methods by which functionalities such as RRM measurements, AGC setting and coarse and fine time and frequency estimation can be provided for efficient operation of LAA SCells. 
Taking fine time and frequency estimation as an example, it is noted that the LAA deployment scenarios of interest include both co-located PCell/SCells and non-colocated PCell/SCells. In both cases, the LAA SCells will be subjected to a maximum transmission duration limitation. Thus, periodic transmission of reference signals by the SCells that can be used for UE time and frequency synchronization, RRM measurements, and AGC tuning is no longer guaranteed. This raises the question if PCell reference signals can be utilized for at least coarse time-frequency synchronization and AGC adjustment on the SCells. While coarse timing synchronization may be possible using the PCell RS in a co-located scenario, AGC adjustment would not be feasible due to the PCell potentially operating on a carrier (for e.g., 2GHz) that has substantially different characteristics, path loss and interference compared to to the LAA SCells in the 5GHz band. Furthermore, non co-located scenarios will require measurements on reference signals transmitted in unlicensed bands.
It has been agreed that the Rel-12 discovery signals (DRS) comprising at least PSS/SSS/CRS, that was designed for small cell PHY enhancements, can serve as a starting point for RRM measurements for LAA. Additionally for the long term properties of the channel, the RS for demodulation in the SCell subframe with (E)PDCCH/PDSCH can be quasi-co-located (QCL) with the DRS. In the following sections we describe how the Rel-12 discovery signals can be used as a basis for supporting the functionalities of RRM, synchronization and AGC setting.
3 Rel-12 Discovery Signal Based Design

Since the Rel-12 discovery signals have already been agreed to serve as a starting point for provision of the requisite RRM, AGC and time and frequency estimation functionalities for LAA, we address whether and how the Rel-12 discovery signals and their use need to be modified in order to support LAA. 

The Rel-12 discovery signals are already designed to support RRM measurements on a cell that may be turned off for large fractions of time. Such on/off has been specified for an SCell that has been deactivated. The RRM measurements may be required on such a deactivated SCell either on the same carrier frequency as a currently serving SCell or on another carrier frequency. Performing RRM measurements inherently requires the ability to set AGC and estimate timing and frequency in order to properly receive the signals being measured. 
For LAA, the UE must be able to receive data as quickly as possible after a period in which no signals are received from the eNB since the eNB may not have access to the channel at any given time. Being able to receive data means that the UE should have a reasonable AGC setting and time and frequency synchronization to be able to receive data. The quicker the UE is able to receive data after such a silent period, the more efficient LAA design will be. This results from the maximum transmission duration restriction. Since the eNB has to limit the duration of its transmission after getting access to a channel, the less the overhead before data can be sent to the UE, the better. As an example, with a maximum transmission duration of 4 ms as in Japan, even a single subframe delay in receiving data can result in a 25% overhead.
Another constraint that must be taken into account for the use of discovery signals in LAA operation is the need for continuous occupancy of the channel during the discovery signal transmission duration. The current Rel-12 definition of discovery signals potentially leaves empty OFDM symbols within a subframe. This can lead to a Wi-Fi node sensing that the channel is idle and attempting a transmission in the middle of the discovery signal burst which can cause a collision. In order to avoid this, the discovery signal transmission should preferably not leave any empty OFDM symbols. Furthermore, it is also preferable for the signals in each OFDM symbol to span a significant fraction of the bandwidth so that Wi-Fi nodes or other LAA nodes can sense that the channel is occupied in a robust way.
3.1 Discovery Signals for LAA

In order to fulfil the constraint on continuous transmission during the discovery signal burst, multiple options can be considered. 
The first option would be to change the composition of the current discovery signal subframe by changing the spacing of the CRS and CSI-RS so that there are no empty OFDM symbols. However, this will reduce the span of the CRS in the subframe and can affect frequency estimation performance. 
A second option would be to augment the Rel-12 discovery signal with the use of additional reference signals in OFDM symbols that are currently left unused. For instance, additional SSS can be used to ensure transmission in all OFDM symbols. Such a scheme was investigated during the Rel-12 discovery signal design discussions and was shown to have the benefits of improving cell detection performance as well as increasing the cell ID space dramatically [2]
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[3]. In order to ensure that occupancy in the frequency domain is adequate, SSS signals could also be added in the frequency domain, even in the OFDM symbols carrying the current PSS and current SSS. Of course, the addition of such signals can affect the current PDSCH mapping when data is to be sent in subframes carrying discovery signals, but the benefit would be significantly improved detection.
The third option would be the transmission of some control information in the subframes carrying discovery signals since it could be quite useful to transmit some control information to inform UEs about aspects related to unlicensed band usage. For instance, an operator ID that informs the UE which operator the cell belongs to would be useful since an unlicensed band carrier may be used by multiple operators. Other parameters related to unlicensed band operation may also be useful. For example, signalling of LBT related parameters such as whether LBT is performed on discovery signals or not (discussed in the next section) or the longest length of any reservation signal that may be transmitted would allow the eNB to dynamically optimize LBT parameters for better coexistence with other nodes of the same and other technologies. The transmission of such control information in the discovery burst could allow the subframes carrying the discovery signals to be sufficiently occupied in time and frequency so that any other nodes can easily sense the presence of the transmissions. Such transmissions also have the benefit of being fully compatible with current PDSCH mapping which would need to be changed for the previous two options. Hence, we propose the following.
Proposal: The Rel-12 discovery signals along with the transmission of some control information can be used for LAA to unlicensed bands.
3.2 Discovery signals with LBT

Discovery signals transmitted with some control information as described above are allowed in most regions of the world to be transmitted without any LBT operation prior to it as long as they constitute less than a certain fraction of time. For instance, in Europe, for load based equipment, the maximum duty cycle should be 5% as observed within a 50 ms interval. A Rel-12 discovery signal transmission of duration 1 subframe configured with a periodicity of 40 ms would more than meet this requirement. In regulatory environments where such short control transmissions are allowed, transmission of the discovery signals without any LBT operation could be used. However, in Japan, such short control transmissions are not allowed. Hence, for LAA to be useable worldwide, it would be necessary for discovery signals to also follow LBT requirements.

For such cases, the discovery signals can be reused as currently defined along with control information but with the constraint that they are transmitted only if the eNB has obtained access to the channel via a successful LBT operation. When the eNB does not have access to the channel, the discovery signal burst is not transmitted. If the discovery signal periodicity is configured to be 40 ms, then statistically it can be possible to receive the discovery signal at least once in every 160 to 200 ms with a high probability. This is shown in Figure 1 for the indoor single carrier scenario evaluated in [4]. It can be seen that the probability of receiving a discovery signal burst at least once in every 160 ms is greater than 97%. This probability can also be further reduced and generally controlled by varying the start of the LBT operation prior to the transmission of the DRS burst. 
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Figure 1: Probability of receiving a discovery signal burst in a period of X ms

The UE could adjust its receiver processing to account for the potential absence of discovery signals due to lack of access to the channel. For instance, the UE could detect the presence or absence of a particular discovery signal burst using the PSS, SSS and CRS signals. The requirements for RRM measurements based on the discovery signals could potentially be relaxed if necessary on the unlicensed band since the performance on these bands is likely to be less robust than on the licensed band in any case due to unpredictable interference. Based on the above discussion, we make the following proposal.
Proposal: At least in regions where regulatory requirements do not allow short control transmissions, the Rel-12 discovery signal is transmitted only when the eNB has access to the channel after a successful LBT operation.
3.3 LAA Functionalities Based on Discovery Signals

The use of Rel-12 discovery signals that may be subject to LBT to facilitate the requisite functionalities is outlined below and shown in Figure 2. The figure shows how a discovery signal burst may not be transmitted when LBT fails. It also shows how data can be transmitted in the intervening subframes and how reference signals along with control information could be used to reserve the channel prior to a discovery signal or data transmission. 
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Figure 2: Rel-12 discovery signal based design for LAA

The challenges in the use of the Rel-12 discovery signals for LAA depend on the specific functionality in question. For RRM measurements which include cell identification, the most challenging case occurs for the reception of and measurements on discovery signals being transmitted on neighbouring cells. For reception of data on the serving cell, AGC and fine time and frequency estimation need to be facilitated by the discovery signals from the serving cell.
3.3.1 AGC 

For AGC, we consider UE aspects in the following. The purpose of AGC in the UE is to keep the analogue signal within the dynamic range of the ADC and also to keep the digital gain within its dynamic range when the IQ samples are sent for baseband processing. The current discovery signal periodicities in Rel-12 correspond well to the LTE DRX cycle when the UE is expected to receive paging in terms of the period length. The 40 ms period length of the discovery signal is smaller than average DRX lengths so that the absence of some of the discovery signal bursts due to LBT failure should not be a problem. In a loaded system where we expect some LBT failures and the disappearance of some discovery signal transmissions, AGC still should be robust enough to handle this and maintain a reasonable AGC level.

If the network timing is reasonably accurate (it should be, assuming the UE is tracking the current discovery signal whenever it is transmitted as discussed in the next section), the signal level measurement/set gain loop will converge to the ideal gain setting in a very short time. This time is expected to be shorter than an LTE OFDM symbol. When applicable, signals used to reserve the channel before the commencement of data transmisions can be used to set the AGC before receiving data. In addition, if the DS transmission fails and data needs to be sent immediately, the first SF of data can use more robust MCS to allow the UE to re-establish proper gain settings.
3.3.2 Coarse Synchronization and Time and Frequency Estimation

Time and frequency estimation can be performed using the PSS, SSS and CRS inside the discovery signal subframes. The use of two CRS ports can further enhance synchronization performance. These signals can provide synchronization estimates that are adequate for the purpose of RRM measurements on the serving and neighboring cells. When data is to be received by the UE in a subframe that occurs a significant number of subframes after the last reception of a discovery signal on the serving cell, further fine tuning of the time and frequency estimates can be performed using the DM-RS and, if present, the CRS within the subframe in which data is received. Such a scheme was shown to perform very well in evaluations performed in earlier releases of LTE where the performance of receiving data after a long DRX cycle was evaluated. The signal used to reserve the channel before the actual start of data transmissions can also be used to fine tune time and frequency estimates before the reception of data. When transmitting data after a long absence of any discovery signal or other transmissions, the eNB could transmit a signal of longer duration to reserve the channel in order to facilitate the use of such a signal for timing and frequency adjustments.
3.3.3 RRM Measurements Including Cell Identification
RRM measurements including cell identification are currently performed using the PSS, SSS, CRS and CSI-RS in the discovery signal subframes. The same measurement regime can be followed for LAA with the modification that the UE may detect whether a particular discovery signal burst was actually transmitted or not before using the burst for its measurements. DRS occasions and DMTC periodicities can be signaled as defined in Rel-12. Furthermore, CSI-RS based RSRP measurements can also be made on SCells in the unlicensed band.

Based on the above discussion, we make the following observation:

Observation: The Rel-12 discovery signals transmitted along with control information and subject to LBT can be used to achieve the required functionalities including RRM (including cell identification), AGC setting and time and frequency estimation. 
4 Conclusion

This contribution discussed the use of a design based on Rel-12 discovery signals for achieving required functionalities for LAA including RRM (including cell identification), AGC setting and time and frequency estimation. The following proposals were made.
Proposal: The Rel-12 discovery signals along with the transmission of some control information can be used for LAA to unlicensed bands.

Proposal: At least in regions where regulatory requirements do not allow short control transmissions, the Rel-12 discovery signal is transmitted only when the eNB has access to the channel after a successful LBT operation.
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