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1 Introduction

In last RAN1 meeting #84, the following agreements regarding PRACH on LAA Scell were agreed: 
Agreements:
· Contention based PRACH transmission on LAA Scell is not supported in Rel-14

· Non-contention based PRACH transmission on LAA Scell is supported in Rel-14 subject to LBT

· FFS: PRACH duration up to 1msec is supported

· FFS: A UL transmission burst containing PRACH without other UL channel immediately follows a single idle observation interval of at least 25 micro sec

· FFS: new PRACH waveform

This contribution mainly discusses the design of non-contention based PRACH for eLAA, which includes PRACH structure in frequency domain, PRACH duration in time domain, PRACH procedure on LAA Scell, and LBT for PRACH . 

2 PRACH for eLAA
The target of the random access procedure on an LAA Scell is to estimate the timing advance command for uplink transmission since the LAA Scell and the licensed Pcell may be configured with two TAGs. This procedure shall be initiated by a PDCCH order from eNB and the transmission of PRACH shall subject to LBT, the transmit power density and the bandwidth occupation requirement on unlicensed carrier. 
2.1 PRACH structure in frequency domain
In ETSI regulation [1], it is stated that the occupied channel bandwidth shall be between 80 % and 100 % of the declared nominal channel bandwidth. The legacy PRACH occupies 6 continuous RBs in frequency domain, which does not meet this requirement. Two PRACH mapping structures subject to occupied channel bandwidth requirements are proposed:
(a) Continuous RB mapping: One new PRACH resource includes at least two legacy PRACHs, each PRACH occupies 6 continuous RBs. The first RB and the last RB allocated to one new PRACH shall have a span of at least 80% of the system bandwidth. In this case, the legacy PRACH format can be reused and the same preamble is transmitted on each of the two legacy PRACHs. Figure 1(a) shows the structure.
Take 20M bandwidth as example. Assume the total 100 RBs are separated into 10 subbands, each subband includes 10 continuous RBs. One interlace includes 10 RBs which are spaced uniformly in frequency to facilitate PUSCH transmission. The new PRACH may occupy at least one RB in the first subband and one RB in the last subband. PUSCH shall be mapped to RBs that are not occupied by the new PRACH. The performance loss of transmit power due to the limit of transmit power density can be compensated by configuring more legacy PRACHs in frequency or increasing duration in time.
(b) Interlaced RB mapping: RB interlaced structure designed for PUSCH can also be used for PRACH transmission. Figure 1(b) shows the structure. Legacy preamble cannot be reused since the subcarrier spacing of PRACH is different from PUSCH. Transmitting DMRS or SRS to replace PRACH is not reasonable since the CP of DMRS or SRS symbol in normal subframe can not meet the CP requirement of LAA Scell, as discussed in the last RAN1 meeting. 
One possibility is to keep the subcarrier spacing of legacy PRACH, e.g., 1.25 kHz for format 0. Then one RB includes 144 subcarriers, the preamble may occupy the center 120 subcarriers and 12 subcarriers are reserved on each side for interference reduction. Each RB may transmit the same preamble, and orthogonal sequence is applied to each RB to keep the orthogonality among multiple UEs. 
The advantages and disadvantages of the above two options are provided in the following table.

Table 1 Comparisons of the two options for PRACH mapping
	
	Option1 
	Option2 

	
	Continuous RB mapping 
	Interlaced RB mapping

	Characteristic
	The first RB and the last RB have to span 80% bandwidth 
	RBs are spaced uniformly in frequency

	Advantage 
	Reuse legacy PRACH structure and preamble
Less standards effort
	Larger transmit power

	Disadvantage 
	Smaller transmit power if does not repeat in frequency domain.
	New PRACH structure and preamble
More standards effort
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(a) Continuous RB mapping                           (b) Interlaced RB mapping

Figure 1: Possible PRACH structures in frequency domain

Based on the above discussion, it is proposed:
Proposal 1: PRACH structure with 6 continuous RBs is slightly preferred. 
2.2 PRACH duration in time domain
In legacy LTE, there are 5 preamble formats to support scenarios with different cell radius. 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, each of the above formats can meet the requirement. 
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.

On the other hand, the transmit power of format 4 is limited due to its time duration. To make sure a cell edge UE can successfully transmit the preamble, format 0 shall also be supported. Format 0 occupies one subframe in time domain, so it can be FDMed with PUCCH or PUSCH in one subframe. 
Proposal 2: PRACH format 0 and format 4 are supported on LAA. 

· PRACH format 0 and PUCCH or PUSCH can be FDMed in one subframe.

2.3 PRACH procedure
There are three steps of the non-contention based random access procedures: Firstly, eNB assigns to UE a non-contention 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 on PDSCH corresponding to a PDCCH which is scrambled with RA-RNTI.
The same procedure shall be supported on LAA carrier. The PRACH transmission could be initialized by eNB on either Pcell or an LAA Scell. The preamble shall be transmitted on LAA Scell. Considering that signal transmission on LAA Scell shall subject to LBT, it is preferable to transmit RA response on Pcell also. In addition, since the subframe configuration for PRACH cannot be ensured due to flexible DL and UL subframe adjustment in LAA Scell, so the PRACH subframe may be indicated to UE via a PDCCH order.
On the other hand, after the failure of one random access procedure, UE shall restart the preamble transmission with a power ramping applies to the transmit power. Since there is a power limit on LAA Scell, more PRACH resource may be configured for preamble retransmission to improve the performance.
Proposal 3: PRACH initialization and RA response can be performed by eNB over Pcell.
· PRACH subframe is indicated via a PDCCH order.
2.4 LBT for PRACH 
From UE perspective, it shall obtain the timing advance command for an LAA Scell before it starts uplink transmission on the same cell, so the channel access priority of PRACH shall be higher than PUSCH. 
From eNB perspective, there is no contention-based random access procedure on LAA Scell, so PRACH resource is configured to UEs which are triggered to transmit a preamble. Generally, it may happen only when one UE initially accesses to the LAA Scell since TA maintenance may be performed over DMRS or SRS. Considering that PRACH resource may not be configured frequently, PRACH may have a higher channel access priority. 

Based on the above reasons, the same LBT procedure of DRS shall apply to PRACH, e.g., PRACH can be transmitted after sensing the channel for an idle interval of 25us. 

Proposal 4: PRACH can be transmitted after sensing the channel for a 25us one-shot CCA.
3 Conclusion
In this contribution, the design of non-contention based PRACH for eLAA, which includes PRACH structure in frequency domain, PRACH duration in time domain, PRACH procedure on LAA Scell, and LBT for PRACH are discussed and the following proposals are made:

Proposal 1: PRACH structure with 6 continuous RBs is slightly preferred. 

Proposal 2: PRACH format 0 and format 4 are supported on LAA. 

· PRACH format 0 and PUCCH or PUSCH can be FDMed in one subframe.

Proposal 3: PRACH initialization and RA response can be performed by eNB over Pcell.

· PRACH subframe is indicated via a PDCCH order. 

Proposal 4: PRACH can be transmitted after sensing the channel for a 25us one-shot CCA.
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