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1 Introduction

Study on Licensed-Assisted Access to unlicensed spectrum (FS_LAA_LTE) is approved with objectives described in RP-141664 [1] (and revised to RP-141817 [2] in RAN#66), as a complementary tool to augment the service offering in unlicensed spectrum. It also includes the following design targets:
· A single global solution framework allowing compliance with any regional regulatory requirements 

· Effective and fair coexistence with Wi-Fi

· Effective and fair coexistence among LAA networks deployed by different operators

In addition, to meet the design targets, following functionalities were agreed as identified functionalities, required to meet regulatory requirements in some regions/bands for an LAA system [3]: 

· 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
· RRM

· AGC setting

· Coarse synchronization

· Fine frequency/time estimation at least for demodulation

· CSI measurement, including channel and interference
In order to achieve the functionalities described above with reusing the features of LTE as much as possible, we will discuss on the possible LAA operation focusing on the DRS transmission for RRM measurement, where Rel-12 DRS is assumed the starting point for the RRM measurement [4].  
2 Discussion on the DRS transmission for LAA
2.1 Overview of DRS transmission related to LAA
Figure 1 shows an example of a DRS structure, where the DRS occasion duration is assumed to be 5ms and PSS/SSS and CRS are only transmitted in the DRS occasion duration (Note that CSI-RS is not showing in the example). The DRS is transmitted during the DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period). 
Observation1: Rel-12 DRS is transmitted periodically during DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period).
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Figure 1 - Rel-12 DRS structure (DRS occasion duration is 5msec in FDD, but CRI-RS is not showing)

In order to be a good neighbour in unlicensed spectrum, regulatory requirements affecting RAN1 is studying in RAN1 and CCA is agreed as a necessary functionality before data transmission in unlicensed spectrum. In addition, due to the random (unlicensed) channel accessibility, it is not guarantee of Rel-12 DRS transmission in the given DMTC offset in the DMTC period. Thus, several design options to transmit DRS can be considered:

· Alt1: Periodic DRS transmission using SCS 
· Alt2: Aperiodic DRS transmission as a result of CCA
· Alt3: DRS transmission in the given DMTC offset in the DMTC period without guarantee of the DRS transmission, but with

· Higher channel accessibility
· Shorter DMTC period (< 40msec)

Observation2: CCA results in uncertain transmission of Rel-12 DRS during DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period).
2.2 Potential solutions to DRS transmission for LAA
2.2.1 Alt1: Periodic DRS transmission using SCS
In a certain region (e.g., Europe), it is allowed to transmit short control signalling transmissions (SCS) without CCA. Thus, LAA cell can transmit the DRS (assumed to be a short control signalling) periodically, which also achieves backward compatibility of the Rel-12 DRS transmission. However, it is not a single global solution framework because SCS is not a regulatory allowance, compliant to any regional regulatory requirements. 
Observation3: SCS allows the periodic DRS transmission, but it is not allowed globally.
2.2.2 Alt2: Aperiodic DRS transmission using CCA

Due to a result of CCA, periodic DRS transmission is not guaranteed during the DRS occasion duration every DMTC period in the given DMTC offset. In addition, unless a UE knows whether to transmit the DRS and the time if it is transmitted, the UE expects the DRS transmission and tries to receive the DRS, which may result in the UE’s complexity and power consumption issues. Thus, an indication from the eNB may help to resolve the timing issue for the aperiodic DRS transmission. However, it may be asked how to resolve the additional questions to support aperiodic DRS transmission:
· How long does the UE expert DRS transmission?

· How does the UE measure the DRS of neighbouring LAA cell?

Observation4: CCA is necessary to transmit DRS and As a result of CCA, it is expected to be aperiodic DRS transmission. 
2.2.3 Alt3: Periodic DRS transmission (in the given time) using CCA 

Similar to Alt2, CCA is necessary to transmit a DRS prior to the given DMTC offset in the DMTC period. If the cannel is accessible in the given periodicity as a result of CCA, the DRS can be transmitted and a UE expects the DRS transmission in the given time, but it does not guarantee the periodicity still. Thus, this approach of the DRS transmission can be performed as follows:

· LAA small cell (eNB) behaviour:

· Step 1: An LAA small cell performs CCA prior to the given DMTC offset in the DMTC period (Note: COT shall be less than the maximum COT to meet the regulatory requirements, and CCA shall be terminated before the DRS transmission)
· Step 2: 

· If the channel is determined as “Idle” based on the CCA, the LAA small cell transmits the DRS in the given DMTC offset in the DMTC period. 
· Otherwise (channel is determined as “Busy (or Occupied)”, the LAA small cell does not transmit the DRS.

· UE behaviour:
· If the DRS is transmitted in the given DMTC offset in the DMTC period, the UE receives the DRS and performs the relevant operation (e.g., RRM measurement).

· Otherwise, the UE skips to receive the DRS and waits until the next DMTC offset in the next DMTC period.

Because the UE may not receive the DRS in the given time due to CCA, more channel accessibility as a part of CCA and/or shorter DMTC period (<40msec) would be helpful to provide more opportunities on transmission/reception of the DRS in the given time from the eNB to the UE. 
Observation5: To transmit DRS during DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period), 

· CCA shall be terminated before DRS transmission 

· COT shall not exceed the maximum COT 
· CCA with higher channel accessibility shall be studied to avoid uncertain transmission of DRS
2.3 Comparison of alternatives of DRS transmission of LAA

Table 1 summarises the comparison of alternatives of introduced DRS transmission of LAA above. 

	Table 1 – Comparison of alternatives of DRS transmission of LAA

　
	Alt1
	Alt2
	Alt3

	What/How
	Periodic DRS transmission using SCS
	Aperiodic DRS transmission using CCA
	DRS transmission in the given time using CCA

	Characteristics
	- No need to indicate whether DRS is transmitted
- May not measure precise RRM because of unexpected signal from other devices (e.g., WiFi, other LAA cell)
	- May need to indicate (applicable to the cross-carrier scheduling) whether DRS is transmitted as a result of CCA. Otherwise, high UE's complexity & power consumption.
- Hard to measure the RRM of neighbour cells because of unknown transmission of the DRS from neighbour cells
	- No need to indicate whether DRS is transmitted
- RRM measurement is precise relatively
- If the higher channel accessibility is provided, uncertain transmission of DRS may be alleviated

	Pros
	- May not need CCA to transmit the DRS
- Low complexity of UE and UE's power conservation
	- If UE knows the transmission of the DRS, RRM measurement is precise relatively 
	- May not (or lower) standard impact because of no indication

	Cons
	- May not measure precise RRM because of interference from other devices (e.g., WiFi, other LAA)
	- UE complexity and power consumption
- Hard to measure the RRM of neighbour cells
	- May not measure RRM because of uncertain transmission of the DRS


Proposal1: Enhancement on the transmission/reception opportunities of DRS shall be studied, including periodic DRS as well as aperiodic DRS, with following alternatives: 

· Alt1: Periodic DRS transmission using SCS 

· Alt2: Aperiodic DRS transmission as a result of CCA

· Alt3: DRS transmission in the given DMTC offset in the DMTC period with higher channel accessibility
3 Conclusion
In this contribution, we discussed about required functionalities and possible alternatives of LAA operation offering the DRS transmission in unlicensed spectrum. As a general design principal, we propose: 

Observation1: Rel-12 DRS is transmitted periodically during DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period).

Observation2: CCA results in uncertain transmission of Rel-12 DRS during DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period).
Observation3: SCS allows the periodic DRS transmission, but it is not allowed globally.
Observation4: CCA is necessary to transmit DRS and As a result of CCA, it is expected to be aperiodic DRS transmission. 
Observation5: To transmit DRS during DRS occasion duration every DMTC period in the given time (i.e., at DMTC offset in the DMTC period), 

· CCA shall be terminated before DRS transmission 

· COT shall not exceed the maximum COT 
· CCA with higher channel accessibility shall be studied to avoid uncertain transmission of DRS
Proposal1: Enhancement on the transmission/reception opportunities of DRS shall be studied, including periodic DRS as well as aperiodic DRS, with following alternatives: 

· Alt1: Periodic DRS transmission using SCS 

· Alt2: Aperiodic DRS transmission as a result of CCA

· Alt3: DRS transmission in the given DMTC offset in the DMTC period with higher channel accessibility
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