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1 Introduction
During RAN WG1 #80bis meeting, the regulatory requirements on the unlicensed spectrum are discussed and the following agreements are achieved [1]:
Agreements:
· Followings are updated agreements (bold fonts are updated points) from LAA ad-hoc meeting (see minutes in [2]) 

· DRS design should allow DRS transmission on an LAA SCell to be subject to LBT

· Consider the following 2 options for the transmission of DRS within a DMTC window if LBT is applied to DRS

· Alt1: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC

· Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC if LBT succeeds
· Note: The number of different time positions should be restricted

· Note: One possibility is one time position in the subframe
· Modifications to Rel-12 DMTC configuration are FFS

· Note: this does not preclude the possibility to allow other DRS transmissions outside of the configured DMTC
In this contribution, we present our views on the potential solutions of DRS transmission for LAA.

2 DL reference signal transmission
Based on agreements of RAN1-80bis meeting, 2 options for the transmission of DRS within a DMTC window will be considered if LBT is applied to DRS.

· Alt1: Subjected to LBT, DRS is transmitted in fixed time position within the configured DMTC
· Alt2: Subject to LBT, allow the DRS to be transmitted in at least one of different time positions within the configured DMTC
With Alt.1, DRS is transmitted in fixed time position within the configured DMTC. Thus for RRM measurement, only one blinding detection is necessary for UE at the first measurement time. After that, the transmission time of DRS is known and measurement complexity will be reduced in next measurement times. But the problem of Alt. 1 is less chance for DRS transmission.

In order to improve the transmission chance of DRS, Alt.2 is proposed. With Alt.2, there are more than one transmission chances within the configured DMTC. But the problem is that the UE measurement complexity will be increased. Anyway, in order to ensure the measurement efficiency and accuracy, Alt. 2 is preferred. But in order to avoid much high UE complexity, it is better to restrict the number of the time positions and all of the time positions should be fixed.
Proposal 1: Considering the RRM measurement efficiency and accuracy, Alt. 2 is preferred for DRS transmission. But the UE complexity should be taken into account when discussing the number of the time positions and whether the time positions are fixed or not. 
2.1 The time positions of DRS
As agreed in Rel-12 small cell on/off WI, DRS includes PSS/SSS, CRS and configurable CSI-RS. And DRS is transmitted with Alt.1. That means DRS is transmitted in fixed time position within the configured DMTC. In other words, for frame structure type 1, PSS is transmitted in the last symbol of the first slot in subframe #0 and 5. While SSS is transmitted in the symbol before PSS transmitted. During 10ms frame, both PSS and SSS are transmitted two times. But these two SSS are different to differentiate subframe #0 and 5. Thus, for RRM measurement, UE detects PSS first and then find the SSS in the symbol before. From the relative position distance between PSS and SSS, UE knows it is the frame structure type 1 and knows the time position of PSS is the last symbol of the first slot of subframe#0 or subframe#5. Further from the type of SSS, UE decides whether it is subframe#0 or subframe #5.  After these steps, UE can obtain time synchronization with the eNB at frame level. 
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Fig.1: PSS/SSS transmission time of frame structure type 1

When Alt. 2 is used, more than one time positions will be allocated for DRS transmission. It means that the subframe including PSS/SSS will not always subframe #0 or subframe #5. Since LAA DRS should include continuous symbols, the length of DRS can be reduced to short than one subframe. Thus we prefer to transmit PSS and SSS in the same symbols as Rel-12 DRS, i.e., symbol#6 and symbol #5.  In this case, UE can obtain subframe level synchronization with eNB at least when detect PSS/SSS in DRS transmitted by Alt.2. With this restriction, only one time position in each subframe is permitted for DRS.
Except PSS/SSS, CRS is mandatory in DRS. From Fig. 1, we can see that the neighboring symbols of PSS/SSS are CRS symbols. One alterative of DRS is to comprise symbols #4, 5, 6 and 7 because of continuous symbols. But compared to Rel-12 DRS, UE cannot know the subframe number of eNB for frame level synchronization.

In order to indicate the subframe number of the DRS transmission subframe, more symbols are necessary. Here we proposed to include symbols # 5, 6, 7, 8, 9 and 10 in DRS, shown in Fig. 2. For Non-DRS symbols, CRS is filled in symbol#8. And NZP CSI-RS is filled in symbol#9 and 10. As we all know, in symbol#9 and 10, there is a large number of resource configurations of CSI-RS resource. And the different resource configurations of CSI-RS can be used in different subframes. Thus the subframe number can be implicitly indicated to UE by resource configuration number of CSI-RS.
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Fig.2: Example of DRS in LAA

Proposal 2: In order to transmit PSS/SSS in the same symbols as Rel-12 DRS, only one time position in one subframe is preferred.

Proposal 3: CRS and NZP CSI-RS can be used to fill the Non-DRS Symbols for continuous transmission. It is possible to use different resource configuration numbers of NZP CSI-RS to indicate the subframe number of DRS subframe.  
2.2 LBT mechanism of DRS transmission

In order to improve the transmission chance of DRS, a shorter DMTC period can be used and Alt.2 with more than one time position within configured DMTC for DRS transmission can be used. But if the channel cannot be occupied, it is also possible that DRS cannot be measured for a long time. So in order to improve the channel competitiveness of DRS transmission, it is necessary to differentiate the LBE mechanism or parameters for DRS transmission and data transmission. Some implementation methods as shown below can be used.
· Alt. 1: Shorter CCA time of LBT for DRS transmission

Similar to 802.11 system, in order to gain priority access to LAA unlicensed band, shorter CCA time of LBT can be configured for DRS transmission. For example, for DRS transmission, the CCA time is 20us. While for data traffic transmission, the CCA time is 40us.

· Alt. 2: Higher CCA energy detection threshold of LBT for DRS transmission

For example, for DRS transmission, the CCA-ED detection threshold can be -52dBm. While for data traffic transmission, the CCA-ED detection threshold can be -62dBm. In this case, DRS transmission can gain priority access to LAA unlicensed band. But the problem of the RSSI and CSI mismatch also exists.

· Alt. 3: Shorter N in extended CCA of LBT for DRS transmission

In order to transmit DRS in possible transmission time positions with Alt.2, shorter N in extended CCA can be used for DRS transmission. That means smaller q should be used. For example, q = 4 is configured for DRS transmission. 

With above methods, DRS can be transmitted at least one time within each configured DMTC with higher probability. Thus per frequency common DMTC can be kept to reduce the measurement load as well as improve the measurement accuracy.
Proposal 4: Some enhancements to improve the channel competitiveness of LBT for DRS transmission should be considered. 
3 Conclusions
In this contribution, we present the discussion on DRS transmission methods. In addition, we give some solutions to enhance the method of DRS after LBT to improve the channel competitiveness of LBT for DRS transmission. Based on our analysis, we have the following proposal:
Proposal 1: Considering the RRM measurement efficiency and accuracy, Alt. 2 is preferred for DRS transmission. But the UE complexity should be taken into account when discussing the number of the time positions and whether the time positions are fixed or not. 

Proposal 2: In order to transmit PSS/SSS in the same symbols as Rel-12 DRS, only one time position in one subframe is preferred.

Proposal 3: CRS and NZP CSI-RS can be used to fill the Non-DRS Symbols for continuous transmission. it is possible to use different resource configuration numbers of NZP CSI-RS to indicate the subframe number of DRS subframe. 

Proposal 4: Some enhancements to improve the channel competitiveness of LBT for DRS transmission should be considered. 
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