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1. Introduction

In RAN #70 meeting, a new work item (WI) on enhanced LAA (eLAA) was approved with the following objectives [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 whether and how to support random access in LAA SCell, which is FFS in the objectives in Rel-14 eLAA WI.
2. Support of random access in LAA SCell
Random access procedure in LAA SCell is necessary in the following two scenarios.
Scenario 1) CA of macro PCell and non-collocated LAA SCell

Scenario 2) Dual connectivity between licensed carrier and unlicensed carrier

For both scenarios 1 and 2, only non-contention based random access for UL synchronization is essential procedure for LAA SCell or SCG. Considering the limited time schedule for Rel-14 LAA specification, non-contention based random access should be prioritized over contention based random access in LAA SCell. Still, it should be discussed further if random access procedure itself in LAA SCell should be supported by Rel-14 LAA specification.
Suggestion 1: In Rel-14 LAA, contention based random access in LAA SCell is not supported.
3. Considerations on OCB

As discussed in [2], it should be discussed what is the design target of LAA UL to be compliant with ETSI regulation on the OCB (Occupied Channel Bandwidth). Depending on the design target, several options can be considered for PRACH design in LAA UL.

Option A) No modification of existing PRACH structure
If LAA UL design targets to satisfy OCB regulation statistically over, e.g., 1 second, eNB scheduler may satisfy OCB regulation for a UE by scheduling other channels (e.g., PUSCH) to statistically occupy 80% of system bandwidth in a long term.
Option B) Repetition of existing PRACH with frequency hopping
If LAA UL design targets to satisfy OCB regulation in a short term, e.g., per every subframe, it may be considered to repeat existing PRACH format (e.g., PRACH format 4 for small cell) in time domain while hopping over 80% of system bandwidth. This is a relatively simple modification of existing PRACH structure but would be inefficient way in terms of energy consumption and system interference.

Option C) Wideband PRACH design
Another option to satisfy OCB regulation in a short term, e.g., per every subframe is to introduce wideband PRACH structure. To minimize specification impact, wideband PRACH signal can be derived by increasing subcarrier spacing of existing PRACH formats. For example, increasing subcarrier spacing of PRACH format 0 from 1.25 kHz to 5 kHz would result in new PRACH format with 4.2 MHz bandwidth and 199.8 us time duration, which may provide enough coverage for LAA SCell deployment. As another example, increasing subcarrier spacing of PRACH format 4 from 7.5 kHz to 30 kHz would result in new PRACH format with 4.2 MHz bandwidth and 33.3 us time duration. Considering that ETSI regulation allows exception of temporary 4 MHz bandwidth transmission, 4 MHz bandwidth design may be enough as for wideband PRACH structure.
Suggestion 2: Consider the following options for PRACH structure in LAA to satisfy ETSI regulation on OCB

· Option A) No modification of existing PRACH structure
· Option B) Repetition of existing PRACH with frequency hopping
· Option C) Wideband PRACH design
4. PRACH procedure in LAA SCell
In this section, we discuss the potential points to consider in supporting non-contention based random access procedure in LAA SCell. 
PRACH resource
For the resource of PRACH transmission, two options can be considered.

· option 1) subframes for PRACH transmission is RRC configured as in legacy LTE

· option 2) subframes for PRACH transmission is given by a fixed time offset to the subframe where PDCCH order is received.

While option 1 follows existing specifications, option 2 is worth considering since non-contention based PRACH transmission can be fully controlled by PDCCH order without restriction in time domain, which is beneficial since there is no guaranteed UL subframes and the channel access chance for PDCCH order transmission or PRACH transmission will be limited due to LBT operation in LAA SCell.
Suggestion 3: Consider the following options for PRACH resource in LAA

· option 1) subframes for PRACH transmission is RRC configured as in legacy LTE
· option 2) subframes for PRACH transmission is given by a fixed time offset to the subframe where PDCCH order is received g
PRACH transmission timing
For a given subframe where PRACH should be transmitted, two options can be considered for PRACH transmission timing based on LBT.
· option 1) UE can start transmitting PRACH only at a given timing in a subframe (e.g., at the start of the subframe boundary) while UE may start transmitting reservation signal after successful LBT operation before PRACH transmission for channel occupation

· option 2) UE can  start transmitting PRACH at any timing in a given time window in a subframe according to the LBT operation. UE may reinterpret timing advance command in the corresponding random access response considering its actual transmission timing of PRACH.
While option 1 may affect PRACH detection performance depending on the reservation signal design, option 2 may requires longer PRACH signal duration or CP length to support orthogonal multiplexing of PRACH signals from different UEs.
Suggestion 4: Consider the following options for PRACH transmission timing in a given subframe for PRACH transmission in LAA

· option 1) UE can start transmitting PRACH only at a given timing in a subframe (e.g., at the start of the subframe boundary) while UE may start transmitting reservation signal after successful LBT operation before the given timing for channel occupation

· option 2) UE can  start transmitting PRACH at any timing in a given time window in a subframe according to the LBT operation. UE may reinterpret timing advance command in the corresponding random access response considering its actual transmission timing of PRACH.

LBT for PRACH transmission
Since it is desirable to reduce the random access delay due to LBT operation, it is desirable to apply faster LBT (e.g., single slot CCA) for PRACH transmission compared to the LBT for other data transmission bursts. Faster LBT may be applied to other DL/UL transmissions related to random access procedure (that is, PDCCH order, random access response and message 3 PUSCH) if they are transmitted on LAA SCell.
Suggestion 5: Faster LBT (e.g., single slot CCA) is applied for PRACH transmission compared to the LBT for other data transmission bursts

Msg3 transmission
In existing specifications, Msg3 PUSCH triggered by random access response is transmitted on the serving cell where the corresponding PRACH was transmitted. However, it may be discussed further if Msg3 PUSCH corresponding to PRACH transmission in an LAA SCell should be transmitted on the LAA SCell since LBT operation in LAA SCell may result in dropping Msg3 PUSCH.
Suggestion 6: Discuss further if Msg3 PUSCH corresponding to PRACH transmission in an LAA SCell should be transmitted on the LAA SCell
5. Summary and conclusions

In this paper, we discussed various aspects on random access in LAA SCell. The suggestions of this paper are summarized as follows.
Suggestion 1: In Rel-14 LAA, contention based random access in LAA SCell is not supported.
Suggestion 2: Consider the following options for PRACH structure in LAA to satisfy ETSI regulation on OCB

· Option A) No modification of existing PRACH structure
· Option B) Repetition of existing PRACH with frequency hopping
· Option C) Wideband PRACH design
Suggestion 3: Consider the following options for PRACH resource in LAA

· option 1) subframes for PRACH transmission is RRC configured as in legacy LTE
· option 2) subframes for PRACH transmission is given by a fixed time offset to the subframe where PDCCH order is received g
Suggestion 4: Consider the following options for PRACH transmission timing in a given subframe for PRACH transmission in LAA

· option 1) UE can start transmitting PRACH only at a given timing in a subframe (e.g., at the start of the subframe boundary) while UE may start transmitting reservation signal after successful LBT operation before the given timing for channel occupation

· option 2) UE can  start transmitting PRACH at any timing in a given time window in a subframe according to the LBT operation. UE may reinterpret timing advance command in the corresponding random access response considering its actual transmission timing of PRACH.

Suggestion 5: Faster LBT (e.g., single slot CCA) is applied for PRACH transmission compared to the LBT for other data transmission bursts

Suggestion 6: Discuss further if Msg3 PUSCH corresponding to PRACH transmission in an LAA SCell should be transmitted on the LAA SCell
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