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1. Introduction 
At the RAN1 #78bis meeting, the following agreements were made on the required functionalities and design targets for Licensed-Assisted Access (LAA) using LTE:
· Target a single global framework for LAA

· List at least the following as identified functionalities required to meet regulatory requirements in some regions/bands for an LAA system in TR 

· 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
· TPC
In addition, it was noted that: 
· Not all functionalities may have a spec impact.
· Not all functionalities would be mandatory for all LAA eNBs/UEs
Based on the above agreements, this contribution provides detailed physical layer solutions, along with an analysis of the expected specification impact. The main focus is on the DL only scenario, but some UL design options are also discussed to provide a complete system design perspective. 
2. Solutions for LAA using LTE  
In this section, we present physical layer design options for LAA together with their potential specification impact.
Subframe boundary alignment between primary cell (PCell) and secondary cell (SCell)
For LAA with PCell and SCell, the subframe boundaries between PCell and SCell may be either aligned or not aligned. The two important scenarios are:

· Scenarios 1: No subframe alignment and no timing relationship between PCell and SCell
· An SCell subframe can start any time, e.g., whenever the eNB finds the unlicensed channel idle. This option can maximize the resource utilization.     

· Scenarios 2: Aligned frame/subframe boundaries between PCell and SCell

· In this scenario, frame/subframe boundaries are aligned between PCell and SCell. Once an eNB with data to transmit finds the medium idle, it may need to transmit some reservation signal to hold/occupy the channel until the earliest LTE subframe boundary (see Figure 1). This may decrease the resource utilization. On the other hand, this scenario can facilitate time/frequency synchronization for SCell especially in co-located scenarios since timing and frequency provided by the PCell can be used for the SCell synchronization procedure. Also, this option can lead to a simple system design especially when control signals (e.g., ACK/NACK) are transmitted on the licensed PCell (to be discussed in more details). More importantly, this scenario is in accordance with the current carrier aggregation (CA) requirements, i.e., frame timing and SFN are aligned across cells that can be aggregated [2].
Proposal 1: Frame timing and SFN are aligned across licensed PCell and unlicensed LAA carrier according to current CA requirements.
Specification impact of Proposal 1: No impact since it is in accordance with the current CA requirements.  
LBT and fast SCell ON/OFF for DL
With frame/subframe boundaries aligned between PCell and SCell, an LAA LBT operation may consist of the following four phases as illustrated in Figure 1.

1) Carrier sense: In this stage the transmitter conducts carriers sensing (CS) for a channel for a period of W (> 20 µsec) and determines the average received power PR. The basic unit of sensing duration can be a multiple of LTE samples. If PR is less than a threshold T dBm, the transmitter is considered eligible for transmission. The channel is considered idle if PR < T dBm, otherwise, channel is considered busy.
2) Backoff (extended CCA): In this phase, if the transmitter is eligible for transmission, the transmitter enters into backoff phase. In this phase, the transmitter chooses a duration D seconds, possibly a multiple of LTE symbols (e.g., D can be randomly chosen). The transmitter then senses the channel for this duration. If the channel is busy, the transmitter again enters phase 1 (carrier sense). If the channel is idle, the transmitter enters phase 3. 

3) Reservation signal:  The transmitter then reserves the channel by sending some signals until the next sub-frame boundary, (possibly for all the samples after the end of the backoff period). The reservation signal can be WiFi signal (e.g., Wi-Fi preamble), redundant signal, or LTE reference signal.  

4) Transmission:  The transmitter then transmits PDSCH up to a predefined duration, e.g., 3 subframes, as illustrated in Figure 2, possibly including one or more transmissions of CRS, PSS/SSS, and CSI-RS. 
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Figure 1. Illustration of LAA LBT consisting of carrier sense, back off, reservation signal transmission, and LAA data transmission
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Figure 2. Illustration of LAA LBT with a limited channel occupancy time 
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Figure 3. Illustration of LAA LBT with a limited channel occupancy time where an operator continues to grab the channel, e.g., in a lightly loaded scenario. 
Figure 3 illustrates a scenario where an operator continues to grab the channel due to no activity of other RATs and LAAs from other operators. Compared to the design in which a whole subframe is used for CCA and therefore the corresponding subframe cannot be used for PDSCH transmission, the LAA performance can be significantly improved in a lightly loaded scenario by puncturing one or a few last OFDM symbols of a subframe, as shown in the figure. 
In general, the LBT operation performed by eNB would be an implementation issue and therefore may not require any specification changes related to CA operations. However, some design may have specification impacts. For instance, the LBT operation illustrated in Figure 3 requires an indication that a certain number of OFDM symbols are punctured, which information is needed for a proper decoding at UE. 
Proposal 2: With frame/subframe boundaries aligned between licensed and unlicensed carriers, LAA LBT for PDSCH transmission consists of CCA, backoff (extended CCA), reservation signal transmission, and LAA PDSCH transmission.
Specification impact of Proposal 2: In principal, eNB LBT may not have specification impact. However, some LBT schemes and associated mechanisms may have specification impact.  
Cell acquisition, RRM, Time/frequency synchronization
In addition to DL data transmission, additional unlicensed cell discovery signal (UCDS) transmission over unlicensed LAA carrier seems necessary for cell-identification, time-frequency synchronization and RRM measurement purposes. Using the Rel-12 DRS as UCDS can be a good starting point and further modifications and enhancements can be further studied. 

Depending on the regulatory requirements, an LBT may need to be applied to UCDS. If this is the case, one possible option is as follows: A UCSD transmission window is defined, e.g., every 10ms, as the time duration for which the eNB attempts to transmit one UCDS. If the eNB cannot find the medium idle during a UCDS window, it skips the current window, and tries the next window. Related to this design, two possible alternatives for UE behavior can be defined.  
· Alt. 1: UE performs a blind detection of UCDS. 
· Alt. 2: An indicator signal is defined and transmitted on the licensed carrier to indicate whether UCSD is being transmitted in the corresponding subframe of the unlicensed carrier.

The two alternatives have pros and cons in terms of UE power saving, performance (miss detection and false alarm), and signaling, and therefore should be carefully evaluated.
In the scenario of co-located licensed and unlicensed carriers, unlicensed cell acquisition, time-frequency synchronization, and unlicensed cell configuration/re-configuration as well as activation/deactivation may be possible without any RRM measurements/report. This should be considered as an option for LAA. 
Proposal 3: Unlicensed cell discovery signal (UCDS) is transmitted to facilitate cell acquisition, time-frequency synchronization, and RRM measurements.
Specification impact of Proposal 3: No impact since it is in accordance with the current CA requirements.
Proposal 4: No-RRM based unlicensed cell configuration/de-configuration and activation/deactivation can be considered as an option. 
Specification impact of Proposal 4: New UE behaviour may need to be defined or clarified.
CRS-based vs. DM-RS based demodulation
Two options for demodulation RS, CRS and DM-RS are possible for LAA. We assume that 

· CRS-based design: CRS is used for PDSCH demodulation and is transmitted every active subframe, i.e., with PDSCH being transmitted.

· DM-RS-based design: DM-RS is used for PDSCH demodulation and is transmitted every active subframe, i.e., with PDSCH being transmitted. In addition, CRS is transmitted intermittently, e.g., every 5 ms, for time/frequency tracking (if needed) or RRM measurements (if needed). 
One disadvantage of the CRS based design is that if TM 9 or 10 (or its variant) is used, RS overhead can be much larger than the DM-RS based approach where CRS may need to be intermittently transmitted, e.g., every 5ms, for time/frequency tracking (if needed) or RRM measurement (if needed). However, the CRS based design does not require any specification changes during the active subframes and does not require additional CRS for time/frequency tracking (if needed) or RRM measurements (if needed) as long as the active subframes are frequent enough.
Proposal 5: CRS-based and DM-RS based LAA design options should be carefully evaluated. 

Specification impact of Proposal 5: DM-RS based design may require more specification impact.
 Cross-carrier vs. self-carrier scheduling
One advantage of cross-carrier scheduling for LAA over self-carrier scheduling would be that PDCCH can be more reliable than self-carrier scheduling. However, the reliable reception of only PDCCH may not significantly beneficial. Let us take an example. Assume cross-carrier scheduling. The eNB transmits PDSCH with a high MCS on the unlicensed SCell based on the CSI feedback while it transmits PDCCH on the licensed PCell at the same subframe. Suppose that the SINR experienced by the PDSCH is much worse than expected and the UE cannot successfully decode it while the UE can decode the PDCCH. If self-scheduling were used in the same situation, the UE could not decode the PDCCH, either. Then, how much beneficial is the successful reception of PDCCH only in this case? The only benefit of cross-carrier in this case is that the UE stores the received PDSCH symbols and can combine them with the future PDSCH (i.e., HARQ). However, the stored symbols would not help much since the SINRs of those symbols can be too low. In addition, one disadvantage of cross-carrier scheduling is that the control channel capacity of the licensed PCell could be a problem, especially when one licensed PCell supports many unlicensed SCells. Therefore, the performance gain of cross-carrier scheduling over self-scheduling should be carefully evaluated.

Proposal 6: Cross-carrier scheduling and self-carrier scheduling should be carefully evaluated. 
Specification impact of Proposal 6: No impact or minimal since both options are supported in the current CA related specifications. 

Control signals carried via uplink
Due to shared use of the unlicensed spectrum among multiple LAA operators, as well as WiFi, the robustness requirements (i.e. timing constraint, bit error rate etc.) for various LTE control signals may not be satisfied. Moreover, the unlicensed channel may not be available for control signals to be transmitted at the designated time, depending on the activity of other RATs and/or LAAs from other operators. While additional mechanisms to enhance reliable transmission over the unlicensed spectrum can be studied, at the initial stage of the study item, the control signals can be assumed to be transmitted using the licensed PCell. To this end, we propose to use the licensed UL carrier for HARQ ACK/NACK transmissions as well as for channel feedback transmissions.
Proposal 7: HARQ ACK/NACK for DL transmission on LAA unlicensed carrier, as well as CQI/PMI/RI feedbacks for unlicensed carrier should be transmitted using the uplink licensed carrier.
Specification impact of Proposal 7: No impact since it is in accordance with the current CA related specifications. 

3. Conclusions
In this contribution, we presented physical layer design options for LAA along with their potential specification s impacts. Based on the presented discussion, we summarize our views through the following proposals:
Proposal 1: Frame timing and SFN are aligned across licensed PCell and unlicensed LAA carrier according to current CA requirements.
Specification impact of Proposal 1: No impact since it is in accordance with the current CA requirements.
Proposal 2: With frame/subframe boundaries aligned between licensed and unlicensed carriers, LAA LBT for PDSCH transmission consists of CCA, backoff (extended CCA), reservation signal transmission, and LAA PDSCH transmission.

Specification impact of Proposal 2: In principal, eNB LBT may not have specification impacts. However, some LBT schemes may have specification impact.

Proposal 3: Unlicensed cell discovery signal (UCDS) is transmitted to facilitate cell acquisition, time-frequency synchronization, and RRM measurements.

Specification impact of Proposal 3: No impact since it is in accordance with the current CA requirements.
Proposal 4: No-RRM based unlicensed cell configuration/de-configuration and activation/deactivation can be considered as an option. 
Specification impact of Proposal 4: New UE behaviour may need to be defined or clarified.
Proposal 5: CRS-based and DM-RS based LAA design options should be carefully evaluated. 

Specification impact of Proposal 5: DM-RS based design may require more specification impact.

Proposal 6: Cross-carrier scheduling and self-carrier scheduling should be carefully evaluated since they have pros and cons. 

Specification impact of Proposal 6: No impact or minimal since both options are supported in the current CA related specifications.

Proposal 7: HARQ ACK/NACK for DL transmission on LAA unlicensed carrier, as well as CQI/PMI/RI feedbacks for unlicensed carrier should be transmitted using the uplink licensed carrier.
Specification impact of Proposal 7: No impact since it is in accordance with the current CA related specifications.
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