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1. Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]The eLAA work item was approved in RAN #70[1]:
The detailed objectives of the work item are to specify support for the following functionalities:
· 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]

In RAN1 #80bis, the following were agreed: 
For PUSCH, extending the current single and dual cluster allocation to multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) is identified as a candidate waveform that satisfies regulatory requirements and maximizes coverage
· FFS: Number of clusters needed
· FFS: Size of each cluster
· FFS: Spacing between clusters or subcarriers

There are requirements on the occupied channel bandwidth and power density for unlicensed carrier access in Europe [2]. Some requirements are shown below
· The occupied channel bandwidth shall be between 80 % and 100 % of the declared nominal channel bandwidth. 
· During an established communication, a device is allowed to operate temporarily in a mode where its occupied channel bandwidth may be reduced to as low as 40 % of its nominal channel bandwidth with a minimum of 4 MHz. 
The occupied channel bandwidth is defined as the bandwidth containing 99 % of the power of the signal. The nominal channel bandwidth is the widest band of frequencies inclusive of guard bands assigned to a single channel (at least 5MHz). 

In this contribution, we provide our views on PRACH design for eLAA.
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PRACH  can be used for contention based RACH or non-contention based RACH. At least for uplink timing adjustment, PRACH may be still needed for unlicensed spectrum access, depending on deployment such as carrier frequency, and the location(s) of cells.

In LTE, PRACH formats 0-3 are defined with a 839-point ZC sequence with a carrier spacing at 1.25 KHz, in contrast PRACH format 4 is defined with 139 point ZC sequence with a carrier spacing at 7.5 KHz. In all cases, PRACH occupies contiguous tones and takes roughly 1.08 MHz, which obviously does not meet Europe's regulation on occupied channel bandwidth. 

Alternative 1:
From the consideration that interlaced PUSCH needs to be introduced in eLAA, the uplink spectrum is rather fragmented. If PRACH needs to share resource with PUSCH, then it seems necessary to define PRACH on resource interlace(s) as shown below. If sequence design over one or more resource interlaces which leads to a good timing resolution can be identified, then that leads to a solution compatible with the design for PUSCH/PUCCH. 

Alternative 2:
In the case that is difficult, we can consider a PRACH for eLAA design (LAA-PRACH in the following) with multiple segments in the time/frequency plane in a subframe, and each segment  uses the PRACH format 4 waveform as a building block, in one subframe, multiple occasions of the PRACH format 4 waveform transmissions in both time and frequency can be used. The benefits of using PRACH format 4 waveform include specification effort and leverage of existing implementation. 
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Figure 1 One segment in a multiple segment PRACH definition

In figure 1, one segment of the LAA-PRACH is shown. One segment is used to take 2 OFDM symbols, as the first OFDMA symbol in a slot is longer than the rest symbols in the slot, depending what symbols are covered by one segment, the duration of one segment can be slightly different, e.g.  a segment over symbols 0 and 1 uses a cyclic prefix at 464 Ts and a segment over symbols 2 and 3 uses a cyclic prefix at 448 Ts. In total, 7 segments can be used to cover the 14 OFDMA symbols in a subframe.  

The sequence to generate a segment can be the 139 point ZC sequence as used in PRACH format 4.

To meet the occupied channel bandwidth requirements, frequency hopping is applied to segments in a subframe so they can be spread in the channel bandwidth.  The frequency hopping pattern can be generated according to Cell-ID, slot index, channel bandwidth, and the number of resource interlaces in the channel bandwidth.

If putting segments at the top and at the bottom of the channel bandwidth is enough to meet the occupied channel bandwidth requirements(e.g. segments 1,3,5,7 sit at the top, segments 2,4,6 sit at the bottom), such a solution should be considered.

In the design of the frequency hopping patterns, two approaches can be taken: in one approach, segments are placed on a small number of resource interlaces so eNB can handle interference more effectively by scheduling robust MCS levels to affected UEs. 

In another approach, segments are spread out over as many resource interlaces as possible so to randomize the interference.
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Figure 2 PRACH design with multiple segments


To avoid interference to PUSCH's DMRS, depending on the channel access assumption for PRACH, it may be possible to leave some gaps in the time domain between segments, e.g. symbols with DMRS (i.e. symbols 3 and 10 in each subframe) are skipped over, only 5 segments to cover symbols {0,1}, {4,5},{6,7},{8,9},{12,13} in a subframe.

Alternative 3:

It is also possible to have an LAA-PRACH in two or more subframes by using inter-subframe hopping, which can be also treated as multiple segment transmission with each segment occupying a subframe. Each segment can be based on PRACH format 0 with some modification: as PRACH format 0's duration is less than 1 millisecond, adopting that without modification can lead to some CCA issues. 

[image: ]
Figure 3 Modified PRACH format 0
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Figure 4 PRACH design with inter-subframe hopping


In either case, interference between LAA-PRACH and PUSCH/PUCCH can happen, then it is up to eNB to mitigate the interference, e.g. using advanced inteference cancellation, scheduling UEs with robust MCS levels so PUSCH is insensitive to interference from PRACH, adopting power control for PUSCH so PUSCH's interference to LAA-PRACH is reduced. 

In summary, for eLAA PRACH design we have 

 
Proposal: Consider eLAA PRACH design with the following options: 

· PRACH design uses one or more resource interlaces in a subframe, which facilitates resource sharing PRACH and other channels
· PRACH design uses multiple segments in a subframe, and each segment can be based on PRACH format 4 waveform.
· PRACH design uses two segments in two subframes, each segment can be based on PRACH format 0 waveform with some modification 
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3. [bookmark: _Ref129681832]Conclusion
In this contribution, our views are provided on eLAA PRACH design. And we have   

 
Proposal: Consider eLAA PRACH design with the following options: 

· PRACH design uses one or more resource interlaces in a subframe, which facilitates resource sharing PRACH and other channels
· PRACH design uses multiple segments in a subframe, and each segment can be based on PRACH format 4 waveform.
· PRACH design uses two segments in two subframes, each segment can be based on PRACH format 0 waveform with some modification 
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