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1. Introduction

At the RAN1 #80bis and #81 meeting, following agreements regarding RRM measurement and corresponding DRS design for LAA were made [1] [2].
Agreements:
· Followings are updated agreements (bold fonts are updated points) from LAA ad-hoc meeting (see minutes in R1-151455) 
· 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
· 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
Agreements:
· It is recommended that the RS bandwidth and density/pattern of the DRS design for LAA allows support for RRM measurement based on a single DRS occasion
· Note that at least LAA carrier bandwidth below 5 MHz is not supported

In this contribution, we provide our views on DRS design for LAA. In addition, LBT design for DRS transmission of LAA is also discussed. The corresponding views are shown in our companion contribution [3]. 

2. Discussion on DRS design      
Design principle  
In order to support on/off operation, DRS was introduced in Rel.12, which provides the functionality of cell identification and RRM measurement. For DRS in LAA, besides the functionalities above, some other points should be considered.
· Time contiguous DRS pattern   
New DRS pattern for LAA should consist of continuous OFDM symbols in DRS occasion to satisfy the LBT mechanism in unlicensed band. If Rel-12 DRS pattern is directly used, since there is no signal transmission in some of the OFDM symbols, neighbouring eNBs or Wi-Fi nodes may seize the channel and conduct transmission during the empty symbols. Then, a collision with neighbouring points will happen when transmitting remaining OFDM symbols where DRS is located and cell identification and RRM measurement performances would be severely degraded. 
· Short duration 

Assuming the wideband transmission and corresponding measurements on DRS, the time duration of DRS for LAA could be shorter than before considering it will be expanded in the frequency domain to achieve sufficient detection/measurement performances. Meanwhile, shorter DRS duration will increase the transmission probability of DRS within DMTC, since a long duration of DRS transmission in DMTC from one eNB will block the DRS transmission from its surrounding eNBs due to LBT. 
· RRM measurement for load balancing   
Considering the possible LAA deployment scenarios, especially the outdoor scenarios, there will be densely deployed eNBs operating in multiple unlicensed carriers. Then load balancing in unlicensed bands should be carefully studied by considering offloading traffic among different unlicensed carriers of same eNB or even among different eNBs. 
Time position of DRS in DMTC 
There are two alternatives on DRS transmit timing position in DMTC as showed in Figure 1. Alt.1 has only one fixed candidate time position in each DMTC occasion for a cell according to the configured periodicity. Alt.2 allows multiple candidate time positions within each DMTC. Basically, RRM measurement and coarse time/frequency synchronization based on DRS should be guaranteed at least once per certain duration so that UE can confirm the carrier is usable or not. On the other hand, unnecessarily frequent DRS transmission degrades the spectral efficiency of the carrier. Therefore, DMTC periodicity should be set appropriately long and the probability of successful DRS transmission within each DMTC window should be sufficiently high. To achieve higher probability of successful DRS transmission within each DMTC window, Alt 2 in which each cell has multiple candidate time positions for DRS transmission within each DMTC window is clearly preferable than Alt 1. In addition, the DRS transmission including PSS/SSS in any subframe within DMTC window, e.g., even in a subframe other than #0 or #5, should be allowed. Since PSS/SSS could help UE to identify a cell and achieve coarse time and frequency synchronization, the candidate time positions for DRS should be fixed in each subframe (or slot) within DMTC window.
Proposal 1: Support multiple candidate time positions for DRS transmission within the configured DMTC. 
· The candidate time position for DRS within each subframe (or slot) should be fixed.
Proposal 2: DRS transmission including PSS/SSS in any subframe, e.g., even other than subframe #0 and #5 within each DMTC window should be allowed.
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Figure. 1 Two alternative of time position of DRS in DMTC

Subframe index identification in DRS  
In Rel-12 DRS, PSS/SSS is only transmitted in subframe #0 and #5 within DMTC in case of FDD. Once PSS/SSS in Rel-12 DRS is successfully detected, the subframe index i.e., whether the subframe is #0 or #5 is identified. Then CRS and CSI-RS (if configured) with subframe specific scrambling could be further detected for RRM measurement. For DRS in LAA system, as we pointed out in previous paragraph, legacy PSS/SSS in DRS could not be used for obtaining subframe index if DRS including PSS/SSS is transmitted in any subframe within DMTC. Considering the nature of carrier aggregation between PCell and SCell, UE could assume the subframe index of PCell for RS detection in the DMTC of serving SCell. But UE could not obtain the subframe index of neighbouring eNBs which would not be synchronized with the serving eNB in the unlicensed carrier. Then, UE could not perform accurate RRM measurement on neighbouring LAA cells based on DRS. 
There are several approaches to obtain the subframe index of DRS transmission in LAA system. One straight forward way is the enhancement on SSS sequence. By successful detection on enhanced SSS, UE could obtain the subframe timing from #0 to #9. Without changing SSS sequence, another approach is introducing more candidate positions for SSS transmission. In other words, SSS is configured to be transmitted in different time/frequency positions in different subframe. Besides, transmitting additional SSS and detecting subframe timing jointly by legacy SSS and additional SSS is another feasible approach.  
Proposal 3: Subframe index identification should be supported in DRS design considering multiple candidate time positions of DRS within DMTC. [image: image2.emf]Subframe
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Figure. 2 Different position of SSS in different subframe for subframe index identification 
Overlapped transmission of DRS bursts from multiple cells 
Basically, LBT-based DRS transmission can provides a good SINR condition for the DRS detection since surrounding cells need to wait its transmission until the channel becomes available. Regarding the DRS design for LAA, we can consider exploiting the benefit of wide transmission bandwidth such as 20 MHz. CRS and CSI-RS in DRS with wide bandwidth might be able to provide sufficient measurement accuracy even if the DRS occasion duration is equal to or less than 1 ms. However, PSS/SSS in DRS cannot achieve this benefit due to the current RE mapping only on central 6 RBs. Especially, if DRS transmissions from multiple cells are overlapped, one-shot PSS/SSS detection may successfully identify only the strongest cell.
In Rel-12 small cell discovery discussion, some companies proposed a discovery procedure in which PSS/SSS is only used for timing detection while CRS or CSI-RS is used for cell identification and measurement. In this case, once a DRS timing is detected based on PSS/SSS from a certain (e.g., strongest) cell, UE performs cell identification for all possible candidates at the detected timing so that overlapped cells can also be identified. Since the candidates of LAA SCells to be measured and reported by an UE are basically limited by its PCell, network can configure the cell list so that cell identification effort based on CRS or CSI-RS is relaxed.

Proposal 4: Solution for reliable one-shot DRS detection even in case where DRS transmissions from multiple cells are collided in the same subframe should be considered. 
3. Conclusion 

In this contribution, we have discussed on DRS design for LAA. We made the following proposal. 

Proposal 1: Support multiple candidate time positions for DRS transmission within the configured DMTC. 
· The candidate time position for DRS within each subframe (or slot) should be fixed.

Proposal 2: DRS transmission including PSS/SSS in any subframe, e.g., even other than subframe #0 and #5 within each DMTC window should be allowed.

Proposal 3: Subframe index identification should be supported in DRS design considering multiple candidate time positions of DRS within DMTC. 
Proposal 4: Solution for reliable one-shot DRS detection even in case where DRS transmissions from multiple cells are collided in the same subframe should be considered. 
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