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1. Introduction

In RAN #68, New Work Item on Licensed-Assisted Access to Unlicensed Spectrum was approved [1]. The detailed objectives of the work item are to specify support for the following functionalities:

· Channel access framework including clear channel assessment (RAN1, RAN2, RAN4)
· Discontinuous transmission with limited maximum transmission duration (RAN1, RAN4)

· UE support for carrier selection (RAN1, RAN2)
· UE support for RRM measurements including cell identification (RAN1, RAN2, RAN4)
· AGC, coarse and fine time and frequency synchronization (RAN1, RAN4)
In this meeting, the discussion on the detail design for LAA will begin and we give some considerations on the design of initial signal for LAA. 
2. Considerations on the design of initial signal for LAA
Based on the discussions in the study item phase, there should be an initial signal after the channel detection process. Initial signal could be used to make other nodes that receive the transmitted signal with energy above a certain threshold sense the channel to be occupied. Besides, Initial signal might also support AGC setting and time & frequency synchronization for UEs. In order to meet these requirements and save design work load, R12 DRS design could be considered as a starting point. 
If DRS is used to initial signal, the main challenge is to satisfy the requirement of continue transmission in time domain. According to legacy design of DRS, CRS\PSS\SSS\CRS-RS is not always transmitted in one subframe time. Therefore, if initial signal has to be last for several symbols, DRS could not be applied directly to reserve channels. Some adjustment has to be done to legacy DRS.
It is noted that legacy design of reference signal is antenna port based. If DRS is considered as initial signal, we might have different options for the adjustment of DRS to meet the continues transmission requirement of initial signal:
· Option 1: continues transmission for each antenna port.
· Option 2: continues transmission for port 0 and flexible choice for other ports.
· Option 3: conjunction design for all antenna ports and time domain continues transmission is ensured by all antenna ports together. 
When we considered the different option for initial signal, another important factor is the length of initial signal. There are two choices for the length of initial signal design. One is fixed length and the other is configurable multiple length. 

When we talk about the length of initial signal, we have to make a joint consideration on initial signal and the following data transmission. The reason is that the length of initial signal is directly decided by the starting time of following data transmission. According to the discussion in the study phase, there are mainly two types of frame structure for the downlink data transmission after initial signal. They are partial subframe and floating subframe[2]. 
Floating subframe could start at any OFDM symbols and transmit one subframe. Once eNB detects channel is idle by LBT, it can transmit data after a preparation time. Obviously, the preparation time for eNB is generally same for each data transmission, e.g. 1-3 OFDM symbols. Floating subframe can start after this preparation time and the length of initial signal could be equal to this preparation time. 
Partial subframe could not start data transmission at any OFDM symbols. And only limited OFDM symbols could be used as starting points of data transmission. Initial signal should configurable to fit different starting time of partial subframe.

Observation 1: Floating subframe is more suitable for fixed initial signal length while partial subframe requires configurable multiple initial signal length. 

A minimum time should be indentified for the design of initial signal while the maximum time of initial signal is at most 1ms.  Obviously, a long initial signal is a waste of channel resource. If the length of initial signal could be fixed as the minimum time for eNB data preparing, it will be the most efficient way for data transmission. Besides, fixed length could reserve design time. 
Proposal 1: Fixed initial signal length and floating subframe is proposed for downlink data transmission. The length of initial signal needs FFS.

If fixed initial signal length and floating subframe is used, the design of initial signal becomes a conjunction design between initial signal and following data subframe. Especially, if DRS is used as baseline for the design of initial signal, a conjunction design of reference signal in initial signal and the following data subframe is essential. 
When we considering the conjunction design between initial signal and data subframe for different antenna port, continues transmission for antenna port 0 should be ensured. The reason is that antenna port 0 carries more reference signal and response for UE measurement. Besides, in real network deployment, if single antenna is used, only port 0 could be used. 
Proposal 2: Continues transmission for antenna port 0 could be used as baseline for initial signal design. 
In time domain, initial signal should also meet power density requirement. Pure legacy reference signal transmission might not meet this requirement. One simple way to meet this requirement is to fill some RE with idle data. However, a better way is to increase the density of reference signal in initial signal. Increasing the density of reference signal could improve the UE receiving performance. However, the power ratio of reference signal and data signal might be kept to avoid the confusion at UE side.
3. Conclusion
In this contribution, we provide some discussions on the design of initial signal for LAA. Some observation and proposals are given. They are:

Observation 1: Floating subframe is more suitable for fixed initial signal length while partial subframe requires configurable multiple initial signal length. 

Proposal 1: Fixed initial signal length and floating subframe is proposed for downlink data transmission. The length of initial signal needs FFS.

Proposal 2:Continues transmission for antenna port 0 could be used as baseline for initial signal design.
Reference
[1] RP-151045 new Work Item on Licensed-Assisted Access to Unlicensed Spectrum, Ericsson, Huawei, Qualcomm, Alcatel-Lucent
[2] R1-151356
Design of load based LBT for LAA
CATT
PAGE  

