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Introduction
In the legacy LTE system, PRACH is supported on SCells for UL synchronization to facilitate multiple Timing Advance (TA) needed for CA Scenario 4 with non-co-located cells. With the same motivation, contention-free PRACH has been agreed to be supported in eLAA systems in RAN1 #84 meeting [1]. Specifically, the following agreements on PRACH for eLAA have been made:
· 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
In this contribution, we discuss the design details of PRACH on LAA SCells. 
PRACH Waveform Design
As introduced in our companion contribution [2], the UL waveform should abide by the bandwidth occupancy regulation. Thus, we propose to use the PUSCH waveform, i.e., interlaced RB assignment, as a baseline for the PRACH waveform design. The following design aspects can be considered for PRACH on LAA SCells.
· Given that the target LAA SCell deployment scenario is generally limited to small cells, PRACH preamble with duration of up to 1 ms should be sufficient to cover the small cells. 
· To minimize the specification impact, PRACH preamble formats 0 and 4 in legacy LTE can be considered as the design baseline. In legacy LTE, PRACH preamble is transmitted over continuous 6 PRBs. On the other hand, 10 interlaced PRBs would be allocated for PRACH preamble in eLAA. One approach to extend the existing PRACH formats is to keep the same subcarrier spacing (1.25 kHz for preamble format 0 and 7.5 kHz for preamble format 4), and extend the preamble sequences to fit into 10 PRBs. For example, the existing sequences in legacy LTE can be repeated over frequency domain to fit into 10 PRBs. This method may result in high PAPR. As another approach, a new preamble sequence with longer length can be defined.
· Alternatively, new PRACH format can be designed. The subcarrier spacing can be the same as PUSCH (i.e. 15 kHz). To extend the CP length, the first OFDM symbol within every two OFDM symbols can be considered as a “long CP” for the following OFDM symbol. In this method, besides the regular CP overhead as in legacy LTE systems, every other symbol is also the overhead. This method has two variations, as shown in Figure 1. 
· One variation, as illustrated in Figure 1 a), is to repeat symbol k without CP in symbol k+1 with k{0, 2, 4, 6, 8, 10, 12}. In this method, the FFT window same as PUSCH can be used for the receiving process. Specifically, one FFT duration within every two symbols k and k+1 for k{0, 2, 4, 6, 8, 10, 12} will be truncated for PRACH detection. The obtained symbol is a cyclic shifted version of the transmitted OFDM symbol, and can be detected using the legacy receiver algorithms in LTE systems. Thus, the summation of round-trip delay and channel delay spread can be as large as one OFDM symbol duration plus the CP duration in this method. 
Note that the duration of neighbouring symbols is no longer the same, since there is no CP in the even symbols. Given that the total duration of n symbols in this option is shorter than the total duration of n symbols in legacy LTE, the additional time within the subframe can be left blank (i.e., no transmission).
· Another variation, as illustrated in Figure 1 b), is to transmit cyclic shifted version of symbol k in symbol k+1 with k{0, 2, 4, 6, 8, 10, 12}. The receiver algorithm same as the above method can be used, where one FFT duration can be obtained within every two symbols for detection. In this method, the symbol duration of every symbol is still the same as legacy LTE.
Note that guard band at the two ends of each RB within the interlace assigned to PRACH may be needed, to avoid interference between the PRACH preamble and the PUSCH transmitted over neighbouring interlaces.



a) The OFDM symbol k+1 has no CP, and repeats the OFDM symbol k without CP, where k{0, 2, 4, .., 12}.


b) OFDM symbol k+1 has CP, and is a cyclic shifted version of OFDM symbol k, where k{0, 2, 4, .., 12}.
[bookmark: _Ref447223055]Figure 1. Illustration of PRACH waveform design, where the first symbol within every two symbols can be regarded as the CP for the following symbol. The yellow part indicates the portion of symbol k that is copied to be CP of symbol k, while the green part indicates the portion of symbol k+1 that is copied to be CP of symbol k+1.
Proposal 1: The PUSCH waveform (e.g., interlaced RB assignment) is considered as a baseline for PRACH waveform design.
Proposal 2: Given that the target LAA SCell deployment scenario is generally limited to small cells, the duration of PRACH preamble is up to 1 ms for the LAA SCells.
Proposal 3: Consider the following PRACH preamble designs:
· Extend the existing PRACH preamble, e.g. PRACH preamble formats 0 and 4 in legacy LTE: The PRACH preamble in eLAA has the same subcarrier spacing as existing PRACH preamble format 0/4, with possible extensions in the length of preamble sequences to fit into more PRBs (e.g., 10 PRBs per interlace). 
· Design new PRACH preamble formats: The subcarrier spacing of PRACH preamble is the same as PUSCH, while the symbol k is used as CP for symbol k+1, where k{0, 2, 4, 6, 8, 10, 12}. The symbol k+1 can repeat symbol k without CP, or symbol k+1 can be cyclic shifted from symbol k with shifting duration of CP, where k{0, 2, 4, 6, 8, 10, 12}.
Procedure for Contention-free PRACH on LAA SCells
The procedure for contention-free PRACH consists of the following three steps: 
1) PDCCH order to assign the PRACH preamble index: Same as legacy LTE, PDCCH order is transmitted on the scheduling cell of an activated LAA SCell.
2) PRACH preamble transmission: PRACH preamble is transmitted on the scheduled cell.
3) RAR transmission: In legacy LTE, the RAR is always transmitted on PCell. Different from legacy LTE, UE is required to monitor the common search space (CSS) of LAA SCells, which enables the transmission of RAR on LAA SCells. The pros and cons of RAR transmission on PCell and LAA SCells are summarized in the following table, based on which we propose that RAR transmission on LAA SCells can also be considered. 
	
	RAR transmission on PCell (legacy)
	RAR transmission on LAA SCells

	Pros
	· No LBT, and thus no delay due to channel unavailability.
· Same as legacy LTE, and thus minimize the specification impact. 
	· Overhead offloading from PCell.
· No need to coordinate the PRACH preamble resource allocation between PCell and SCells.

	Cons
	· High PCell overhead with large number of SCells.
· Requires coordination of PRACH preamble resource allocation to avoid RA-RNTI collision for preamble transmissions on PCell and SCells.
	· Delay due to LBT.
· Need changes from legacy LTE. RAR window may need to be extended due to LBT.


Proposal 4: The procedure for contention-free PRACH in LAA SCells consists of three steps: 1) PDCCH order which is transmitted on the scheduling cell of an activated LAA SCell; 2) PRACH preamble which is transmitted on the scheduled cell; 3) RAR, where we propose to consider the RAR transmission on PCell as legacy LTE and the RAR transmission on LAA SCells. 
LBT Method for PRACH on LAA SCells
The LBT method for PDCCH order only transmission on unlicensed spectrum can follow the LBT method for UL grant only transmission. The PRACH preamble transmission on unlicensed spectrum can be subject to single interval LBT, regardless of whether it is within or outside a TxOP, to increase the transmission opportunity of PRACH preamble. For RAR, since it is transmitted over PDSCH, Cat-4 LBT with higher priority can be considered if it is transmitted on unlicensed spectrum. 
Proposal 5: The LBT method for PDCCH order only transmission follows the LBT method for UL grant only transmission. PRACH preamble transmission is subject to single interval LBT, for both within and outside a TxOP. Cat-4 LBT with higher priority is used for RAR if it is transmitted on unlicensed spectrum.
PRACH Transmission
Resource allocation for PRACH transmission can be either periodic or scheduling based. If periodic resources are configured for PRACH transmission, similar to legacy LTE, UE will perform LBT for PRACH preamble transmission after receiving PDCCH order over the earliest available PRACH resource — subframe n+k2 with k26, where n denotes the subframe on which the PDCCH order was received. On the other hand, if scheduling based approach is adopted, the scheduling information can be carried in PDCCH order. 
PRACH transmission may be blocked due to LBT. To increase the PRACH transmission opportunities, the following methods can be considered. 
· A transmission window can be configured, within which the PRACH preamble can be transmitted on one of the subframes depending on channel availability. The transmission window size can be in unit of absolution time, i.e., in terms of ms, or taking into account only the available UL subframes for PRACH transmission. 
In this method, the larger the size of the transmission window, the higher the transmission probability of PRACH preamble would be. However, tighter resource coordination among different PRACH preambles is needed to avoid RA-RNTI collision, if larger transmission window size is used. Specifically, two PRACH preambles cannot be allocated with overlapped transmission windows and the same interlace, since the RA-RNTI may be the same for these two PRACH preambles if they are transmitted in the same subframe. 
· Resources for PRACH preamble transmission can be allocated on multiple LAA SCells within the same sTAG. UE performs LBT on all these LAA SCells which are configured with PRACH resources, and transmits PRACH preamble on one of these SCells whose channel is sensed to be idle, as illustrated in Figure 2. The set of LAA SCells that need to reserve PRACH resources can be semi-statically configured via higher layer signalling (e.g. RRC signalling), or dynamically configured via L1 signalling (e.g. DCI). When multiple SCells are sensed to have idle channels, a pre-defined selection rule can be used, e.g., the SCell with smaller cell index can have a higher priority in the selection. Note that in this method, eNB needs to blindly detect on which SCell the PRACH preamble is transmitted, which may result in high complexity at eNB. 



[bookmark: _Ref447223133]Figure 2. Illustration of PRACH transmission on the LAA SCell, where multiple SCells are configured to allocate resources for PRACH preamble transmission.
Proposal 6: Support either periodic or scheduling based resource allocation for PRACH transmission. 
Proposal 7: Consider the following methods to increase the transmission opportunities of PRACH preamble:
· Configure a transmission window, within which the PRACH preamble is transmitted on one of the subframes subject to LBT.
· Allocate resources for PRACH preamble transmission on multiple LAA SCells within the same sTAG. UE performs LBT on these LAA SCells which are configured with PRACH resources, and transmits PRACH preamble on one of these SCells whose channel is sensed to be idle.
Conclusion
In this contribution, we discussed the PRACH design for eLAA and made the following proposals. 
Proposal 1: The PUSCH waveform (e.g., interlaced RB assignment) is considered as a baseline for PRACH waveform design.
Proposal 2: Given that the target LAA SCell deployment scenario is generally limited to small cells, the duration of PRACH preamble is up to 1 ms for the LAA SCells.
Proposal 3: Consider the following PRACH preamble designs:
· Extend the existing PRACH preamble, e.g. PRACH preamble formats 0 and 4 in legacy LTE: The PRACH preamble in eLAA has the same subcarrier spacing as existing PRACH preamble format 0/4, with possible extensions in the length of preamble sequences to fit into more PRBs (e.g., 10 PRBs per interlace). 
· Design new PRACH preamble formats: The subcarrier spacing of PRACH preamble is the same as PUSCH, while the symbol k is used as CP for symbol k+1, where k{0, 2, 4, 6, 8, 10, 12}. The symbol k+1 can repeat symbol k without CP, or symbol k+1 can be cyclic shifted from symbol k with shifting duration of CP, where k{0, 2, 4, 6, 8, 10, 12}.
Proposal 4: The procedure for contention-free PRACH in LAA SCells consists of three steps: 1) PDCCH order which is transmitted on the scheduling cell of an activated LAA SCell; 2) PRACH preamble which is transmitted on the scheduled cell; 3) RAR, where we propose to consider the RAR transmission on PCell as legacy LTE and the RAR transmission on LAA SCells. 
Proposal 5: The LBT method for PDCCH order only transmission follows the LBT method for UL grant only transmission. PRACH preamble transmission is subject to single interval LBT, for both within and outside a TxOP. Cat-4 LBT with higher priority is used for RAR if it is transmitted on unlicensed spectrum.
Proposal 6: Support either periodic or scheduling based resource allocation for PRACH transmission. 
Proposal 7: Consider the following methods to increase the transmission opportunities of PRACH preamble:
· Configure a transmission window, within which the PRACH preamble is transmitted on one of the subframes subject to LBT.
· Allocate resources for PRACH preamble transmission on multiple LAA SCells within the same sTAG. UE performs LBT on these LAA SCells which are configured with PRACH resources, and transmits PRACH preamble on one of these SCells whose channel is sensed to be idle.
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