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1. Introduction
In RAN#65, a new study item on licensed-assisted access (LAA) using LTE on unlicensed spectrum [1] was approved. It is important to enable an LAA carrier to support fast on/off on the subframe or multi-subframe level to improve the efficiency. One critical issue to address for the support of fast on/off is the physical signals to support the functionalities such as cell detection, RRM measurement, time and frequency estimation, and CSI measurement. The following functionalities have been agreed for LAA in RAN1#79:
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
The following agreement was further made regarding these functionalities in RAN1#80:
Agreements:
· Functions that can be supported by one or more signals to be transmitted from the beginning of a discontinuous LAA downlink transmission can include at least one of the following
· AGC setting
· Channel reservation
· Note: Transmission of the signal(s) may not be required 
· At least functions that may need to be supported for discontinuous LAA downlink transmission operation by one or more signals include at least one of the following
· Detection of the LAA downlink transmission (including cell identification)
· Time & frequency synchronization
· Other functionalities if necessary
· Note that it is not precluded the same signal is used for all above and possibly other functions
· The above functionalities can be supported by other methods (including assistance from licensed carrier)
In this contribution we discuss the various options to support RRM measurement (including cell detection) and CSI measurement. If short control signaling is allowed on the licensed carrier without LBT (e.g. in Europe), we can largely reuse the existing design by transmitting periodic RS. Therefore we focus the discussion mostly on the case where LBT is required before any transmission (e.g. likely in Japan), unless specified otherwise.

2. Cell Detection and RRM Measurement
Since LAA is always a secondary cell and aggregated with licensed cells, the UE does not need to support the RRM measurement on LAA carrier for handover purpose. In this sense, it may be open for discussion whether there is a need to support RRM measurement for LAA carriers in neighboring eNBs. However, RRM measurement is at least necessary to determine the addition/release and activation/deactivation of a LAA SCell. It is especially important to support the RRM measurement for addition and activation, because release and deactivation may still be triggered by CSI measurement for active LAA SCells.
It has been agreed to use Rel-12 DRS as the starting point for LAA cell detection and RRM measurement. The issue with using Rel-12 DRS for LAA is that if LBT is required before transmitting DRS (e.g. likely in Japan), DRS cannot always be transmitted in the pre-configured subframes. It cannot be transmitted if the channel is sensed busy. We call this opportunistically transmitted periodic DRS, meaning that the periodic DRS is transmitted in the pre-configured subframes whenever the channel is sensed free. In this case, the UE may or may not be able to obtain the RRM measurement depending on whether it is transmitted or not.
If RRM measurement is done based on opportunistically transmitted periodic DRS signals,
· The UE needs to be able to detect whether the RS signal is actually transmitted or not. This could be done e.g. based on PSS/SSS. It may require the UE behavior change, and new RAN4 requirements on RRM measurement would need to be defined.
· This would cause some performance degradation because it may take a long time for the UE to obtain the RRM measurement if the RS signal cannot be transmitted due to busy channel. However, if the unlicensed channel is so busy, the performance loss should not be much even if the cell is not activated for the UE, because the UE would not get much serving opportunity anyway on a busy unlicensed carrier. So this approach can be considered as the baseline for RRM measurement. Additional enhancement can be discussed further.
Aperiodic DRS has been proposed by many companies, and it can be considered as one potential candidate for RRM measurement enhancement. It would require L1 signalling to the UE to indicate that the aperidoc DRS is transmitted on the cells to be measured. This can be easily done for the serving cells, and could also be done for the non-serving cells within the same eNB with more complicated signalling design. (Note that this would be a new concept for the RRM measurement in the sense that it would introduce dynamic signalling for the non-serving cells for the first time.) However, it is very challenging for the RRM measurement for the LAA carriers in the neighbouring eNB (if it is to be supported) due to the latency in backhaul signaling.
Moreover, it could consume non-negligible amount of overhead. LBT is performed before transmitting aperiodic DRS, so the L1 signaling for aperiodic DRS indication can only be sent after CCA (Clear Channel Assessment) succeeds. Assuming the L1 signalling is sent over PCell CSS, it can take up to about 1ms to wait to transmit L1 signalling after CCA success. Further some delay is necessary between the time when the UE receives the L1 signalling and the time when the DRS is actually sent, in order to give the UE sufficient time to decode the signalling and prepare for the RRM measurement on a non-configured or inactive carrier. So there would be non-negligible delay between the CCA success and the DRS transmission. In order to prevent any other nodes from occupying the channel in between, some reservation signal would need to be sent in this duration, causing additional overhead. This aspect would need to be evaluated further.
Another issue with using DRS pattern for RRM measurement in LAA is that there are blank OFDM symbols in between when DRS is sent by itself. Other nodes may sense the channel free in these empty OFDM symbols and start the transmission, causing mutual interference. Therefore the DRS pattern needs to be modified at least to occupy contiguous OFDM symbols.
Proposal 1: If LBT is required, opportunistically transmitted periodic RS is the baseline for RRM measurement in LAA. FFS additional enhancements.
Proposal 2: The RS pattern for RRM measurement should occupy contiguous non-blank OFDM symbols.

3. CSI Measurement
In LTE, the CSI measurement has been performed based on CRS, or CSI-RS, or CSI-RS and CSI-IM, depending on the transmission mode.
As discussed in [2], TM9 or TM10 with a single CSI process (with necessary modifications) should be considered as the baseline TM for LAA. In this case, the CSI measurement is based on either CSI-RS with the interference measurement up to UE implementation, or CSI-RS and CSI-IM.
If LBT is not required before transmitting the short control signalling, RS can be periodically transmitted, and the channel measurement can be performed based on the periodic RS.
If LBT is required, periodic RS transmission cannot always be guaranteed. A possible enhancement is to use aperiodic RS. Aperiodic RS could be transmitted by itself when the channel is free, or be embedded in the data transmissions.
The interference measurement was discussed in [3], and it was suggested that the interference measurement should be restricted to the transmission burst. When LBT is required, the data transmission occurs only when the channel is sensed free, meaning that the close neighboring nodes are not transmitting. If the interference is measured when the eNB is not transmitting, the close neighbours could be transmitting, resulting in much larger interference than the time when the actual data is transmitted (i.e. mismatch). Therefore in principle it is desirable to restrict the interference measurement to the transmission burst.
However it needs to be considered further whether and how this restriction can be achieved. It could be possible for the UE to detect the start of a transmission burst based on the reservation signal, but it is questionable how the UE can detect the end of a transmission burst without any signalling assistance. (Note that a transmission burst can last shorter than the maximum channel occupancy time.) It needs to be discussed further if there is an efficient way to achieve this constraint.

4. Aperiodic RS
In Section 2 and 3, we have discussed the possibility of using aperiodic RS to assist RRM measurement and CSI measurement. In this section, we consider the design of aperiodic RS in further detail. Note that the aperiodic RS can be either based on CRS or CSI-RS or a modified RS pattern.
Aperiodic RS requires L1 signaling to the UE for indicating its transmission. Some inherent aperiodic RS features are given as follows, wherein only the serving or configured unlicensed SCells are considered from UE perspective. 
· Before sending the L1 signalling, the eNB performs (e)CCA. If the (e)CCA succeeds, the UE transmits a reservation signal to occupy the channel prior to its RS transmission.  
· The L1 signalling includes one or more unlicensed SCells identities on which the RS is transmitted. This signalling can be common for all active UEs and transmitted on PCell CSS, and the DCI Format 1C could be reused. 
· The RS pattern should be modified to occupy a continuous number of non-blank OFDM symbols. This is to prevent other nodes performing channel sensing from detecting the channel free and starting transmission at the blank symbols of the subframe carrying RS. The detailed RS pattern is FFS. 
One aperiodic RS example is given in Fig. 1, where the eNB successfully contends the channel at subframe #2, and use the preamble to occupy the channel till the beginning several symbols of subframe#3. The eNB sends the L1 signalling at subframe#3 for UEs to have enough time for signalling detection.  Note that in this case there would be some overhead associated with the preamble because it has to hold the channel until the next subframe boundary plus a few additional OFDM symbols for signalling transmission and reception.


Fig. 1 aperiodic RS for LAA

5. Conclusion
In this contribution, we have discussed how to do RRM measurement, fine time and frequency estimation, and CSI measurement in LAA.
For RRM measurement, we have proposed the following:
Proposal 1: If LBT is required, opportunistically transmitted periodic RS is the baseline for RRM measurement in LAA. FFS additional enhancements.
Proposal 2: The RS pattern for RRM measurement should occupy contiguous non-blank OFDM symbols.
In addition, we have provided our considerations on CSI measurement and the design issues for aperiodic RS in general.
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