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1 Introduction

In RAN1 meeting #84bis, the following working assumptions for eLAA PRACH were assumed: 
Working Assumption:

· PRACH resource configuration in time and frequency in LAA SCell:

· RRC configuration of frequency resource(s), sequence set, and time domain resources

· Omitting time domain resources from the RRC configuration can be studied, considering e.g. interactions with LBT. 

· FFS whether any of the following can be dynamically adapted by PDCCH, or deterministically derived by the UE:

· time domain resources

· frequency resources for actual transmission

· sequences for actual transmission

· If using PDCCH, FFS whether common or UE-specific

In this contribution, PRACH resource configuration, PRACH procedure including random access response and power ramping, and how to transmit PRACH in one subframe are discussed. 

2 PRACH configurations
In legacy random access procedure, the available PRACH resources in one frame of one cell are pre-configured and indicated to UE by RRC configuration. During the contention-free random access procedure, eNB will send a PDCCH order to UE to trigger a preamble transmission on one or several assigned PRACH resource(s) of the pre-configured resource pool with an indicated preamble ID. The frequency resource(s), sequence set, cyclic shift and preamble format are pre-configured parameters.
On an LAA Scell, PRACH resource configuration of frequency resource(s), sequence set and time domain resources can be configured by RRC, and there may be no need to omitting time domain resources from the RRC configuration, and these resources are anyway needed for contention-based PRACH which may be introduced in the next WI. We also do not see any problem to reuse PRACH order to trigger the PRACH transmission with legacy scheme, considering that PRACH order is dynamic signaling that could give the eNB full flexibility for the PRACH triggering. 
Proposal 1: PRACH resource configuration of frequency resource(s), sequence set and time domain resources are configured by RRC. PRACH order is used to trigger non-contention based PRACH based on legacy scheme. 
Regarding preamble format, format 4 occupies about 2 symbols, so this format can be transmitted in one or several opportunities in the first partial subframe after an end of downlink burst to fully utilize the unlicensed resource. Up to 1ms preamble transmission shall also be supported in case there is no partial uplink subframe and preamble format 0 structure in time domain is preferred [1]. The preamble format can be implicitly indicated by the starting symbol of PRACH in one subframe, for example, if one PRACH resource is assumed to be started at the first or second symbol, this resource shall be reserved for preamble format 0, otherwise, the resource shall be reserved for preamble format 4.  
Proposal 2: Preamble format can be implicitly indicated by the starting symbol of PRACH in one subframe. 
3 PRACH procedure
There are three steps of the non-contention based random access procedures: Firstly, eNB assigns to UE a specific preamble and a PRACH mask via a PDCCH order. Secondly, UE determines the PRACH resource by the PRACH mask and transmits the assigned preamble on the determined resource. Finally, the eNB transmits the random access response (RAR) on PDSCH corresponding to a PDCCH which is scrambled with RA-RNTI, where the RAR includes a UL grant and would trigger the transmission of PUSCH.
Proposal 3: PRACH initialization and RAR can be performed by eNB over Pcell.
The same procedure shall be supported on LAA carrier. The PRACH procedure could be initialized by eNB via either Pcell or an LAA Scell. The preamble shall be transmitted on LAA Scell. Considering that DL transmission on LAA Scell shall subject to LBT, it is preferred to transmit RAR on Pcell. Note that on LAA Scell, the uplink transmission follows asynchronized HARQ procedure where the HARQ process ID shall be introduced in UL grant, accordingly, the HARQ process ID shall be introduced in the RAR. On the other hand, one RAR may include responses to multiple preambles, so the same size of each response shall be kept to avoid detection confusion. It is preferred to indicate HARQ process ID in UL grant. 
Proposal 4: HARQ process ID can be indicated in UL grant in RAR.

In legacy procedure, power ramping applies to preamble retransmission if the previous transmissions failed. On eLAA, the same power should be kept if the failure of preamble transmission is due to the fail of LBT.
Proposal 5: Power ramping is not applied to preamble if the retransmission is due to LBT failure.
4 PRACH transmission in one subframe
In RAN1 meeting #84bis, it was agreed that PUSCH in a UL subframe may start from symbol 0 or symbol 1, FFS start within symbol 0. Since PRACH format 0 and PUSCH may be multiplexed in one subframe, how to transmit PRACH in one subframe shall be studied. 
On LAA, it may be reasonable to assume that the cell radius is smaller than 1.5 km. The required CP to support such a 1.5 km cell radius is about 10us or 308∙Ts. Note that the CP of PRACH format 0 is 3168∙Ts, which is redundant to support a LAA Scell, so part of the CP may be muted to multiplex PRACH and PUSCH. For example, if PUSCH starts of symbol 0, PRACH transmission starts from the subframe boundary. If PUSCH starts of symbol 1, PRACH transmission starts of the boundary of symbol 1 and punctures the first 2048∙Ts of CP. If PUSCH starts within symbol 0 and a gap of i.e., 25us in the symbol is reserved for one shot LBT, PRACH transmission may mute the first 25us of the CP. The operation at eNB side can keep the same in this method. Figure 1 illustrates all the cases.  
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Figure 1: Multiplexing of PRACH and PUSCH in one subframe 

The channel access priority of PRACH shall be higher than PUSCH, but the transmission of PRACH might be blocked by PUSCH since the timing of PUSCH transmission is moved in advance by a TA command. It is beneficial to allow PRACH starts transmission immediately after LBT success in duration of redundant CP to increase PRACH access opportunity. Figure 2 illustrates this scenario.
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Figure 2: PRACH starts transmission in redundant CP
Proposal 6: Allow PRACH starts transmission immediately after LBT success, while the CP of the PRACH is shorted for LBT and blanked symbol purpose.
5 Conclusion
In this contribution, PRACH resource configuration, PRACH procedure including random access response and power ramping, and how to transmit PRACH in one subframe are discussed. The following proposals are made:
Proposal 1: PRACH resource configuration of frequency resource(s), sequence set and time domain resources are configured by RRC. PRACH order is used to trigger non-contention based PRACH based on legacy scheme. 
Proposal 2: Preamble format can be implicitly indicated by the starting symbol of PRACH in one subframe. 
Proposal 3: PRACH initialization and RAR can be performed by eNB over Pcell.
Proposal 4: HARQ process ID can be indicated in UL grant in RAR.

Proposal 5: Power ramping is not applied to preamble if the retransmission is due to LBT failure.
Proposal 6: Allow PRACH starts transmission immediately after LBT success, while the CP of the PRACH is shorted for LBT and blanked symbol purpose.
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