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1 Introduction
In 3GPP RAN1 #79 and RAN1 #80, it is agreed to support the following functionalities on the unlicensed band [1]

 REF _Ref413313612 \r \h 
[2].

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 functionalities are supported by legacy specifications and/or implementations

· Transmit Power Control as per regulatory requirement

· Dynamic frequency selection for radar avoidance at eNB in certain bands/regions
· FFS: if the DFS for radar avoidance is needed to be supported in the UE
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)

Obviously, it is commonly understood that extra signals and functionalities are needed to guarantee discontinuous LAA downlink transmission. Most of the functionalities can be considered as measurement related issues. In this contribution, the measurement related issues are discussed: synchronization, RRM measurement, and CSI measurement; then the design of reference signal and our proposals are presented.
2 Discontinuous Transmission Operation

“In unlicensed spectrum, channel availability cannot always be guaranteed. In addition, certain regions such as Europe and Japan prohibit continuous transmission and impose limits on the maximum duration of a transmission burst in the unlicensed spectrum. Hence, discontinuous transmission with limited maximum transmission duration is a required functionality for LAA.” [3]
According to the occupancy status, the discontinuous transmission operation can be categorized into two phases. 
Non-occupying duration
The non-occupying duration is the duration before the LAA nodes acquire the channel, which is similar to the “off” status in small cell on/off scenario. DRS are designed in Rel-12 so that UEs can discover the cells, keep synchronization to some extent, and perform some RRM/CSI measurement even in small cell “off” state. In LAA, these functionalities are also very desirable. However, whether these functionalities can be supported depends on whether the corresponding signals are allowed to be transmitted.
Occupying duration
The occupying duration is the duration after the LAA node acquires the channel, and before the LAA node releases the channel. It is very similar to the “on” state in small cell on/off scenario, except that the maximum channel occupying time is limited according to the regulation in some regions. Legacy LTE functionalities include cell identification, fine T/F synchronization, and RRM/CSI measurement should be supported. Additional functionalities might be needed to reserve the channel and efficiently utilize the channel.
The beginning of occupying duration is of special interest for LAA. In particular, the main function of this duration is to reserve the channel against other RATs. It is also necessary to set the proper AGC gain, identify the PCI, and acquire coarse synchronization. Finally, CSI measurement an RRM measurement can also be supported.
Generally, LBT/CCA is needed before an LAA eNB/UE can access to an unlicensed carrier. Especially if LBE is adopted, CCA can be performed at any time point. Then channel reservation signal should be transmitted from the beginning of a discontinuous LAA downlink transmission for the purpose of “AGC setting” and “channel reservation”. With the reservation signal, the OFDM symbol boundary and/or subframe boundary can also be aligned for data transmission. Channel reservation signal may be designed for other functionalities and extended into the data part. More details about channel reservation signal can be found in our companion contribution [11].
To support discontinuous transmission, new measurement and corresponding reference signals are needed. In addition, legacy reference signals and their functionalities (e.g. cell identification, synchronization, RRM measurement and CSI measurement) may be kept and enhanced to fit the discontinuous LAA transmission operation. 
3 Measurement requirement under discontinuous transmission
3.1 Synchronization and Cell identification

Cell search and T/F synchronization are fundamental functions of LTE. Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell. Legacy Rel-8 - Rel-11 UEs rely on always-on PSS/SSS and CRS to identify cells and keep tracking of the T/F fluctuation. For Rel-12 UEs, discovery signal are designed for cell discovery and RRM measurement, which might include PSS/SSS, CRS, and possible CSI-RS. Discovery signal are transmitted with longer period despite the cell status, so that nearby UEs can discover the small cell and keep T/F synchronization with discovery signal. 
Cell identification

Rel-12 UEs detect DRS (include PSS/SSS) to acquire the cell physical-layer cell-identity group and the physical-layer identity within the physical-layer cell-identity group, and finally get the unique physical layer Cell ID (PCI) of that cell. Similarly in Rel-13 LAA scenario, UEs need to discover and identify the SCells on the unlicensed carrier as soon as possible. Before the eNB occupies the channel, if no signals can be sent by the eNB on the unlicensed carrier, UEs will be not able to discover the SCells on the unlicensed carrier. Once the eNB acquires the channel, reservation signal might be sent to reserve the channel and may also be used to assist cell identification. As the LAA PCI may not be well planned as in licensed carrier, PCI collision might happen. Thus the operator information needs also be identified as well as the PCI. The reservation signal can be used to identify the operator and the DRS (include PSS/SSS) is used to identify the PCI. There may be some delay as the UE must wait for the DRS to identify the PCI. Obviously, if DRS can be transmitted at the beginning of the occupying duration, UEs will be able to identify the PCI quicker. Moreover, if PCI information of cells which might use the unlicensed carrier could be informed to UEs, the cell identification process can also be accelerated.
Proposal 1: LAA cell identification need identify operator as well as PCI, and should be completed as soon as possible.
Synchronization
In Rel-13 LAA scenario, PCell on the licensed carrier and SCell on an unlicensed carrier can be aggregated to serve UEs. To comply with the regulatory requirement, such as LBT and limited maximum transmission duration, periodical PSS/SSS cannot be guaranteed for Scell. The PCell and the Scell can be deployed co-located or non-collocated. In co-located scenario, the UE may use the T/F information of the PCell when the T/F information of the Scell is not available. While in non-collocated scenario, the situation will be different. From CA point of view, the time difference between the PCell and the Scell can be up to 33 us. Furthermore, the frequency reference is typically not accurate, e.g., between the PCell at 2 GHz and the SCell at 5 GHz. Thus independent coarse synchronization and fine T/F tracking should be based on the measurement of SCell reference signal itself. 
For Rel-12 UEs, low duty cycle discovery signal are designed for cell discovery, which can also be used for coarse synchronization. As the DRS is sparse in time, fine T/F tracking cannot be obtained through DRS. When the small cell turns on, legacy periodic PSS/SSS and CRS with shorter period and more samples are used for fine T/F tracking. For LAA, if the channel is too busy to access, an LAA eNB may wait a long time before acquiring the channel. If the LAA eNB are not allowed to transmit any signal before acquiring the channel, then the UEs served by the LAA eNB will likely be out of synchronization in the case that the LAA eNB does not acquire the unlicensed carrier for a long time. Therefore synchronization signal in non-occupying duration is desirable at least for coarse synchronization. Furthermore, even after the LAA eNB acquires the channel, considering the limited maximum transmission duration, an LAA eNB may not get enough opportunity to transmit periodic reference signals for synchronization and fine T/F tracking. Therefore, aperiodic synchronization reference signals will be benefit for both coarse synchronization and fine T/F tracking. 
In general, PSS/SSS and CRS could be good candidates of LAA synchronization signal for consistent accuracy.
Proposal 2: LAA synchronization signal should be transmitted in both non-occupying and occupying duration.
3.2 RRM measurement

LTE RRM measurement, which is necessary for mobility and load balance, mainly include RSRP, RSSI and RSRQ. RSRP evaluate the useful signal power, RSSI evaluate the load of the frequency layer, while RSRQ indicate the signal quality. On the licensed band, legacy Rel-8 to Rel-11 UEs perform RRM measurement based on continuously transmitted CRS. Rel-12 UEs may also perform RRM measurement based on low duty cycle periodic discovery signal. 
For LAA, RRM measurement should at least keep all the legacy functionality of LTE RRM measurement. In addition, as the LAA eNB must coexist with other RATs, e.g. Wi-Fi. LAA RRM measurement should support other functionalities for inter-RAT coexistence, such as Channel Availability Check (CAC), Clear Channel Access (CCA), and carrier selection.
LAA RRM measurement may be categorized into two phases based on the measured time duration: measurement in non-occupying duration which is before the LAA nodes acquire the channel, and measurement in occupying duration which is after the LAA nodes successfully acquire the channel. In general, measurement in non-occupying duration is beneficial for RRM.
For measurement in non-occupying duration, there is no problem with RSRP measurement because it only measures the reference signal power level of each cell; while there might be an over-estimation when UEs measure RSSI. If RSSI measurement is allowed in non-occupying duration, the measured RSSI will include all interference of this frequency layer. After the LAA eNB acquires the channel, some of the interference would not exist due to the LBT mechanism. Similar RSSI over-estimation issue is discussed in Rel-12 SCE WI. It is agreed that the over-estimation is dependent on the number of small cells deployed and the density of the discovery signal. The situation here is similar for LAA on unlicensed carrier. If the LAA nodes are sparsely deployed on unlicensed carriers, the over-estimation can be ignored. Otherwise, if the LAA nodes are densely deployed, the over-estimation issue should be treated. For instance, RSSI in occupying duration and RSSI in non-occupying duration can be measured independently. The RSSI in non-occupying duration can be used to assess the channel occupying rate, while the RSSI in occupying duration can be used to assess the LAA load. 

Observation 1: RSSI over-estimation due to measurement in non-occupying duration needs further study. 
3.3 CSI measurement
Transmission Mode
LTE CSI measurement includes channel measurement, e.g. CQI/PMI/RI, and interference measurement. The channel measurement is based on CRS / NZP CSI-RS transmitted from the serving cell and neighbour cells. Accordingly if CRS exists and CRS based CSI measurement is available, then all transmission modes based on CRS could be supported; else if CRS does not exist and only CSI-RS based CSI is available, only transmission mode 9 - 11 based on DMRS can be supported. 
At the very beginning of occupying duration, channel information might not be ready. Transmission mode 2 with transmission diversity can be adopted. Thus CRS based TM should be supported at least as the initial TM. CSI-RS based TM with higher data rates should also be supported to obtain comparable or better performance than other RATs.
Proposal 3: Both CRS-based and CSI-RS based transmission modes should be supported.
Channel measurement
In legacy LTE, reference signal for channel measurement are continuously transmitted from eNB side and periodically measured at UE side. For LAA, eNBs have to compete with other nodes to use the channel. In general, reference signals for channel measurement are not allowed to transmit before the eNB acquiring the channel. So it will be difficult for the eNB to get channel information feedback from UEs in time. It is needed to consider whether to allow the eNB to send some of the reference signal even in non-occupying duration in order to get the CSI feedback. 

Once the CCA result shows that the channel is idle, the eNB can start transmission immediately on the channel. If the channel information feedback is not ready, the eNB can only transmit data with conservative TM and MCS. However the data rate and spectrum efficiency with this would be low. Thus it will be beneficial if the channel measurement can be performed in non-occupying duration before the eNB successfully acquires channel. Then the eNB can get accurate channel information and schedule data transmission with proper TM and MCS, as soon as the eNB successfully acquires the channel.
In occupying duration, the LAA eNB can transmit CRS / CSI-RS periodically as in licensed carrier, so UEs can perform channel measurement accordingly. In the worst case, the UE may need to wait several milliseconds before the first channel measurement reference signal instance are received. To reduce the waiting time for the first CSI report, an aperiodic CRS/CSI-RS transmission can be triggered at the very begging of the occupying duration, thus UEs can perform channel measurement based on this signalling and report the measurement result.
In addition, there is a 4ms delay between the CSI measurement and the CSI report. Considering the maximum 4 ms channel occupancy time limit in Japan, the LAA eNB might not get a single CSI feedback in the same occupying duration. Therefore, methods for reduce the CSI measurement latency are needed. For example, optimization of current downlink channel measurement and report procedure can be further investigated. Or, if UL transmission is supported on the unlicensed carrier, SRS can be transmitted, and then DL channel information can be inferred with SRS according to channel reciprocity.
Interference measurement

CSI interference measurement is also important for CQI estimation. CRS or ZP CSI-RS is used for interference measurement on the licensed carrier. Same as channel measurement, interference measurement in non-occupying duration is also desirable. For instance, the CCA observation time can be used to perform interference measurement before the LAA eNB acquiring the channel. In case the CCA result shows that the channel is idle, then the interference experienced by the eNB in CCA observation (i.e., non-occupying) time would be similar to the interference experienced in occupying duration. Furthermore, if the LAA CCA method can distinguish the inter-RAT and intra-RAT interference (e.g., with LAA sites coordinated muting), the interference observed during CCA contains only inter-RAT interference; while intra-RAT interference still need to be measured when the eNB acquires the channel.
Proposal 4: CSI measurement enhancements (such as measurement in non-occupying duration, and/or triggering of aperiodic CSI measurement) are needed.
4 Transmission of LAA reference signal 
As discussed in the previous section, it is important for LAA eNBs to perform synchronization, RRM measurement and CSI measurement at least in occupying duration. It is also desirable to trigger aperiodic reference signal transmission used for synchronization and CSI measurement in order to reduce the waiting time for the eNB and UE to get fine T/F information and accurate CSI information. In addition, it is beneficial if synchronization and CSI measurement can be performed before the eNB acquires the channel. 
It is considered the Rel-12 discovery signal transmitted with low duty cycle can be the start point. However, due to the uncertainty of the unlicensed carrier, periodic RS may not always have opportunity to be transmitted. Actually, the transmission of LAA reference signal might only be guaranteed in occupying duration of the LAA node. However, if LAA reference signal is only allowed to be transmitted in occupying time and UEs can only perform measurement after the LAA nodes acquire the channel. The requirement of LAA synchronization, RRM measurement and CSI measurement cannot be met in time. In order to transmit more reference signals, there are three options:
Option1: Transmission as Short Control Signaling (SCS)
According to [2], Short Control Signalling (SCS) can be transmitted without LBT/CCA requirements. And the SCS transmission of adaptive equipment shall have a maximum duty cycle of 5% with an observation period of 50ms [2]. Obviously, it’s straight forward and beneficial to utilize the SCS for LAA reference signal transmission. There are several ways to meet the SCS regulatory requirement. For instance, if there are a few LAA nodes on the same carrier, LAA reference signal configuration can be coordinated before starting transmission. Or, if coordination between LAA nodes is not feasible, each LAA node should listen and calculate the LAA reference signal samples in an observation period. If the limitation of the regulatory is reached, no new LAA node will be allowed to transmit extra LAA reference signal. Otherwise if the limitation of the regulatory is not reached, more LAA reference signals can be transmitted. 
Transmission of LAA reference signal as SCS is attractive because transmission in non-occupying duration is very desirable. As long as the LAA reference signal transmitted as SCS can comply with the regulatory in order not to cause intolerable interference. In case LAA is deployed in the region where SCS is not supported, other methods for transmitting LAA reference signal might be needed.
Option2: Periodic transmission with LBT / CCA operation
In this option, LAA eNB reuses the Rel-12 DRS transmission and measurement mechanism. Similar to Rel-12 discovery signal, LAA reference signal are sent at the pre-defined DRS occasion. LBT/CCA is needed before each DRS occasion. If CCA successes, the eNB transmit the DRS occasion, otherwise this DRS occasion is omitted. 
According to Rel-12 specification, UEs are expected to detect DRS in DRS measurement timing configuration (DMTC). As the presence of LAA reference signal is not guaranteed, LAA UEs would blindly detect the reference signal with certain probability of false detection / miss detection. It will be more reliable to use a carrier-specific PCell indication transmitted in the common search space of PDCCH/EPDCCH to indicate that the eNB unable to acquire the channel and the DRS occasion cannot be sent. If received such indication from the PCell, UEs shall not detect DRS in the corresponding DMTC instance.
With this method, the behaviour at eNB side and at UE side is very similar to that of small cell. It is worth noting that, LAA reference signal transmitted as DRS can only appear at the predefined periodic time point. Therefore the opportunity for an LAA eNB to transmit LAA reference signal will highly dependent on the channel condition. If the unlicensed channel has a low load, the LAA eNB can frequently get opportunities to send LAA reference signal as DRS, and the measurement performance can be guaranteed. But if the unlicensed channel is highly loaded, the LAA eNB can hardly get any opportunity to send LAA reference signal at the periodic time point. 
Option3: Aperiodic transmission with signaling
If an LAA node wants to transmit more LAA reference signal beyond SCS regulatory limitation, or at the time point other than the predefined DRS occasion, aperiodic transmission can be considered. When necessary, an aperiodic transmission LAA reference signal transmission can be trigged. Then CCA is performed and LAA reference signal is transmitted once the CCA result indicates the channel is idle. Accordingly, a carrier-specific indication should be sent to UEs to indicate the transmission. With this method, UEs should keep monitoring such dynamic signalling from PCell/SCell to determine whether there is a LAA reference signal transmission. 
Aperiodic LAA reference signal is dynamic and flexible, it can transmit necessary signal at any time when the channel is idle, while avoid waiting too long for a clear time point for the DRS occasion. The problem with option3 is that the signalling overhead could be high.
Specification Impact

· Specification impact of option1 (Transmission as Short Control Signaling)
· eNB configuration on SCS pattern
· Notification of eNB SCS transmission pattern
· Specification impact of option2 (Periodic transmission with LBT / CCA operation)
· PCell indication to indicate that the eNB fails to acquire the channel
· UE behavior: UE could suppose a DRS occasion at DMTC and perform measurement if no indication is received
· Specification impact of option3 (Aperiodic transmission with signaling)
· PCell/SCell indication to indicate the aperiodic transmission
· UE behavior: UE should perform aperiodic DRS measurement only when indication is received 
Summary of the three options
In summary, each of the three options for LAA reference signal has its own pros and cons. Transmission as SCS is very attractive although with interference issue and regulatory limit. Periodic transmission with Rel-12 DRS mechanism can keep most of Rel-12 design, but the transmission opportunity dependent on the channel condition. While aperiodic transmission with PCell/SCell signalling can be a good complementary at the cost of signalling overhead. 
In our opinion, the LAA eNB should capture all possible opportunities for reference signal transmission; so the three options can be used together. Rel-12 DRS mechanism can be modified for LAA reference signal transmission in occupying duration. Every time when the eNB just acquire the channel, an aperiodic transmission can be trigged for the UE/eNB to quickly get fine T/F tracking and CSI feedback. Moreover, if SCS is allowed in the deployed region, LAA reference signal can be transmitted in the way of either periodic or aperiodic in non-occupying duration. If there is only a few number of LAA nodes, periodic transmission modified on the basis of Rel-12 DRS mechanism may be feasible. Otherwise only aperiodic transmission can be performed on demand.
Even with the combined method, LAA eNB might not get enough opportunity to transmit as many reference signals as Rel-12 eNB. In this case, synchronization signal should be transmitted with the first priority, and then CRS / CSI-RS can be transmitted. 
In addition, most reference signals in LTE are designed to occupy discontinuous symbols in a subframe. However, it is possible that the channel could be occupied by other RATs in the symbols without any LAA signal. There are two ways to solve this problem, one way is to pad the blank symbols with reservation signal or other signals; another way is to transmit LAA measurement reference signal in continuous symbols, e.g. extending into adjacent symbols from current RS symbols, or modify the RE allocation of current RS to transmit on continuous symbols. If SCS is used for reference signal transmission, the latter method will be more efficient as the total occupying time could be reduced to comply with the regulatory.
Proposal 5: LAA reference signal can be transmitted as SCS, periodic RS, and aperiodic RS as a combined method.
5 Conclusion 

In this contribution, we discussed LAA measurement related issues: synchronization, RRM measurement, and CSI measurement; then analyzed candidate transmission methods of reference signal for LAA measurement. We have the following observation and proposals:
Proposal 1: LAA cell identification need identify operator as well as PCI, and should be completed as soon as possible.
Proposal 2: LAA synchronization signal should be transmitted in both non-occupying and occupying duration.
Observation 1: RSSI over-estimation due to measurement in non-occupying duration need further study. 
Proposal 3: Both CRS-based and CSI-RS based transmission modes should be supported.
Proposal 4: CSI measurement enhancements (such as measurement in non-occupying duration, and/or triggering of aperiodic CSI measurement) are needed.
Proposal 5: LAA reference signal can be transmitted as SCS, periodic RS, and aperiodic RS as a combined method.
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