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1 Introduction

The following objectives of new WI on enhanced LAA for LTE have been agreed in RAN #70 meeting [1],
· UL carrier aggregation for LAA SCell(s) (with one or more UL carriers in unlicensed band) using Frame Structure type 3 [RAN1, RAN2, RAN4]

· The channel access mechanism shall use the decisions made in RAN1 during Rel-13 as a starting point

· Specify support for PUSCH and SRS

· Support both self-scheduling and cross-carrier scheduling from licensed spectrum.

· If needed, specify support for PUCCH [RAN1]

· If needed, specify support for PRACH [RAN1]

· The work item should also specify base station and UE core requirements of 5 GHz spectrum to support the above features [RAN4]

· Complete support for 10 MHz system bandwidth as an LAA SCell [RAN4, RAN1]

In this contribution, we discuss design aspects in support of PRACH for LAA Scell.
2 Discussion
2.1 Necessity of PRACH on LAA Scell
The LAA network should support both co-located /non co-located deployment between licensed Pcell and unlicensed Scell. For co-located case, UL timing synchronization on LAA Scell can be achieved through the PRACH transmitted in the licensed Pcell. However, in the non co-located case, UL timing synchronization can only be obtained based on the unlicensed Scell therefore the PRACH should be supported on LAA Scell. Only contention free random access procedure needs to be supported on the unlicensed carrier, since the LAA eNB can trigger the PRACH transmission through the licensed carrier.
Proposal 1: Non-contention based random access should be supported on LAA Scell. 
2.2 PRACH structure 
Existing PRACH channel occupies only 6 consecutive RBs within the system bandwidth which does not coincide with regulatory requirements of occupied channel bandwidth [2]. Therefore necessary changes on the PRACH structure should be considered while reusing the existing structure as much as possible. Generally two alternatives may be considered. 
Alt.1: UE transmits reservation signal on the frequencies other than the 6 RBs occupied by PRACH transmission. In this method, the regulatory requirements on the occupied channel bandwidth can be fulfilled but multiplexing of more than one PRACH transmission in a single subframe cannot be supported. 
Alt.2: Cluster based distributed PRACH transmission, where each cluster contains 6 consecutive RBs with existing PRACH format, as shown in figure 1. In this method, it is possible to multiplex more than one PRACH channels in a single subframe. 
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Figure 1: 6RB level based PRACH

Proposal 2: In order to meet the regulatory requirements, necessary changes on the PRACH signal structure should be considered. 
2.3 Enhanced LBT for PRACH
Considering that LAA is mainly operated in small cell scenarios, existing PRACH format 0 and format 4 PRACH should be supported for LAA Scell. Similar to DRS LBT scheme [3], a fast LBT with single CCA check of 25us can also be applied before the PRACH preamble transmission, in order to reduce the access latency. To further improve the channel access ability of PRACH, more than one consecutive PRACH transmission opportunities can also be considered. This is similar to the LAA DRS design with multiple DRS opportunities within the DMTC. 
As shown in figure 2, up to 5 channel access opportunities can be provided for format 4 PRACH transmission in one UL subframe, which can improve the probability of successful transmission of PRACH greatly.
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Figure 2: Enhanced PRACH LBT scheme in one PRACH subframe
In addition to the whole PRACH subframe configured by eNB, the partial subframe after a DL to UL switching can also be used for transmission of format 4 PRACH, as shown in figure 3. This is similar to the existing PRACH transmission in UpPTS. The benefit of allocating PRACH transmission in a partial subframe is that PRACH does not needs to be multiplexed with PUSCH since the latter is not preferred to be transmitted in a partial subframe. 
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Figure 3: Enhanced PRACH LBT scheme in partial subframe and whole subframe
Proposal 3: Enhanced LBT scheme for PRACH transmission should be considered.
3 Conclusion
In this contribution, we discuss PRACH design for LAA Scell. The above discussion is summarized with following proposals:
Proposal 1: Non-contention based random access should be supported on LAA Scell.
Proposal 2: In order to meet the regulatory requirements, necessary changes on the PRACH signal structure should be considered.
Proposal 3: Enhanced LBT scheme for PRACH transmission should be considered.
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