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1 Introduction

In RAN1#84, following agreements were made on the support of PRACH for Rel-14 eLAA [1].
Agreements:
· Contention based PRACH transmission on LAA Scell is not supported in Rel-14 PRACH
· 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 RAN1#84bits [2], following working assumption and proposal for PRACH waveform were given.

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

Regarding the PRACH waveform, following two proposals were discussed without conclusion. 

Proposals:

· LAA-PRACH is based on LTE PRACH format 0 and/or format 4 repeated N times in frequency

· The value of N is configurable and includes at least {1, 2, ...}

· The placement of the PRACH clusters in frequency shall be able to fulfil the ETSI regulation on occupied channel bandwidth

· PRBs for LAA-PRACH for each value of N are defined in the specification, exact positions are FFS

· FFS: CP of the PRACH format 0 is shortened by [1 symbol] to provide room for LBT

· FFS: The value of Timing Advance for LAA-PRACH transmission is configurable 

Proposal:

· Preamble durations of up to 1 ms are supported in eLAA.

· PRACH is transmitted in one or more of RB interlaces

· The interlaces to use is configured by RRC

· PRACH preamble is based upon repetition of one DFTS-OFDM symbol of the same length as a PUSCH DFTS-OFDM symbol.

· A region for LBT is provided by not transmitting one or more OFDM symbols

Continue evaluation both options as listed below till RAN1#85
In this contribution, we further discuss design aspects in support of PRACH for LAA Scell.
2 Discussion
2.1 PRACH channel structure 
Existing PRACH channel occupies only 6 consecutive RBs within the system bandwidth which does not coincide with regulatory requirements of occupied channel bandwidth [3]. Therefore necessary changes on the PRACH structure should be considered while reusing the existing structure as much as possible. The two proposals are analyzed as the following:
Alt.1: LAA-PRACH is based on LTE PRACH format 0 and/or format 4 repeated N times in frequency 
This approach can have very good performance of TA estimation and requires minimum specification changes for the reuse of existing PRACH format. The main drawback of such new PRACH structure is that the efficiency of multiplexing PRACH and PUSCH in the same subframe is degraded due to the interlaced PUSCH resource allocation. 
Alt.2: PRACH preamble is based upon repetition of one DFTS-OFDM symbol of the same length as a PUSCH DFTS-OFDM symbol.

This method provide 1ms PRACH preamble with 15 KHz subcarrier spacing without the need of guard bands between PUSCH and PRACH. If PRACH is transmitted in one interlace, more frequency-domain PRBs can be used for PUSCH transmission. However, this approach will map ZC sequences into non-consecutive subcarriers which can degrade the performance of autocorrelation of CAZAC sequence. Furthermore, although 15KHz subcarrier spacing is adopted, the interference to PRACH from PUSCH is not negligible, due to the transmission timing misalignment between PUSCH and PRACH multiplexed in the same subframe. Furthermore, for one interlace PRACH, corresponding ZC sequence length would be 120, which is difficult to support 64 orthogonal PRACH signatures. Finally, given the time constraint of Rel-14 eLAA, it does not seem possible to finalize a new PRACH design. 
According to discussion above, LAA-PRACH based on LTE PRACH repeated N times in frequency should be supported.
Proposal 1: LAA-PRACH based on LTE PRACH repeated N times in frequency should be supported.
The existing PRACH format 0 should be supported in a scenario where there is requirement of larger coverage. PRACH format 4 supports a cell radius up to 1.4km according to the 9.4us guard time. At the same time, there was proposal to use only the CP to compensate the inter-symbol interference, without requiring UE to transmit PRACH, but that will only support up to 700m cell radius in theory. In addition, PRACH format 4 uses a short duration which can enable the PRACH transmission in an ending partial subframe following DL burst thus reduces the PRACH overhead and the impact to PUSCH transmission, especially when the PRACH uses a repetition in frequency of the existing waveform. Finally, multiple LBT opportunities can be available within a subframe if PRACH format 4 is used, which improves the channel access capability. Therefore, PRACH format 4 has its clear use case in terms of cell radius and the physical resource and can potentially improves the channel access capability for PRACH, so should be supported. 
Proposal 2: Both PRACH format 0 and format 4 PRACH should be supported for LAA Scell.
2.2 Resource configuration and enhanced LBT for PRACH 
For contention free random access procedure, existing PDCCH order can support dynamic indication of time domain resources and sequences index with 6bis Preamble Index and 4bits PRACH Mask Index. Currently, RRC signaling is used for indication of frequency resources for PRACH transmission and such resource can be configured in every subframe. Therefore, it seems that such existing PRACH configuration methods can be sufficient for LAA operation and should be reused. 
Proposal 3: For LAA PRACH, legacy PRACH resource/sequence configuration methods can be reused.
As agreed in RAN1#85, the first symbol of the subframe may be blanked to create the CCA gap for PUSCH channel access. Corresponding operation should be considered for PRACH format 0 and 4 to avoid blocking PUSCH. For PRACH format 0, if CP is shortened by 71us (corresponds to 1 PUSCH symbol duration) to provide room for LBT, the length of remaining PRACH CP is 960 samples (3168-(2048+160) = 960) which corresponds to 31.25us. By doing so, still up to 4.7km cell radius can be supported in theory which is sufficient for LAA deployment. Therefore, for PRACH format 0, it is feasible with CP being shortened for LBT purpose. For PRACH format 4, the CP and preamble transmission should be after the one symbol CCA gap. 
Observation 1: For PRACH format 0, it is feasible with CP being shortened for LBT purpose. For PRACH format 4, CP and preamble sequences should be transmitted after the one symbol LBT gap.
Similar to DRS LBT scheme [4], a fast LBT with single CCA check of 25us can also be applied before the PRACH preamble transmission, in order to reduce latency of UL synchronization. To further improve the channel access ability of PRACH, more than one consecutive PRACH transmission opportunities can also be considered. This is similar to the LAA DRS design with multiple DRS opportunities within the DMTC. If UE cannot grab the channel at PRACH transmission resources indicated by PDCH order, UE may automatically derive the next PRACH transmission resources according to RRC configuration or predefined rules. This method is especially compatible with PRACH format 4, which is illustrated in the following.
As shown in figure 1, even if one symbol CCA gap is reserved at the head of a UL subframe, up to 5 channel access opportunities can be provided for format 4 PRACH transmission in one UL subframe, which can improve the probability of successful transmission of PRACH greatly.
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Figure 1: Enhanced PRACH LBT scheme in one PRACH subframe
In addition to the whole PRACH subframe configured by eNB, the partial subframe after a DL to UL switching can also be used for transmission of format 4 PRACH, as shown in figure 2. This is similar to the existing PRACH transmission in UpPTS. The benefit of allocating PRACH transmission in a partial subframe is that PRACH does not needs to be multiplexed with PUSCH in this case. 
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Figure 2: Enhanced PRACH LBT scheme in partial subframe
However, for format 4 PRACH, UE cannot identify that the current UL subframe used for PRACH transmission is whole subframe or partial subframe, the staring position of PRACH transmission should be indicated by eNB.
Proposal 4: Multiple time resources for PRACH format 4 should be defined in a UL subframe. 
Proposal 5: The starting time domain position of PRACH transmission is triggered by eNB and the following time domain resources can be derived by the UE if the previous LBT fails
2.3 TA impact for multiplexing of PRACH and PUSCH 
According to current specification, PRACH transmission follows the UE downlink receiving timing, i.e. TA=0. Thus, when PUSCH and PRACH from different UEs are multiplexed in the same subframe, PUSCH transmission may block a PRACH transmission. As shown in figure 3, UE1’s PUSCH timing is adjusted based on TA indication of eNB, and then PUSCH will be transmitted t us in advance compared to PRACH of UE2. It is noted that there is always an Rx/Tx switching duration between the ending of channel sensing and the start of PUSCH transmission. If Rx/Tx switching duration size is less than TA value, i.e. Δ<t, blocking issue between PUSCH and PRACH will occur. 
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Figure 3: PUSCH transmission blocks PRACH transmission  

Observation 2: If PRACH transmissions uses TA=0 and Rx/Tx switching time for UE transmitting PRACH is less than PUSCH TA for UE transmitting PUSCH in the same subframe, blocking issue between PUSCH and PRACH will occur.
If fixed timing advance is applied to LAA-PRACH transmission, blocking issue between PUSCH and PRACH transmission can be alleviated. As shown in figure 4(left), if the PUSCH UEs locates closer to the eNB, the fixed TA value (θ) for PRACH of UE2 should be smaller than the time duration required by RX/TX switching (Δ), i.e. θ<Δ, such that the timing advanced PRACH will not block PUSCH. In another example as shown in figure 4 (right), when the PUSCH UE1 locates far from the eNB, if difference of TA value between UE 2 PRACH and UE1 PUSCH is less than Rx/Tx switching duration size, i.e. t-θ<Δ , PUSCH will not block PRACH transmission. Therefore, eNB should determine a suitable PRACH TA value in order to avoid the blocking between PUSCH and PRACH. 
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Figure 4: PUSCH transmission will not blocks PRACH transmission in cell center (left) and cell edge (right)
Observation 3: eNB can configure a timing advance for UE to transmit PRACH, to alleviate blocking issue between PUSCH and PRACH in a same subframe.
3 Conclusion

In this contribution, we discuss PRACH design for LAA Scell. The above discussion is summarized with following observations and proposals:
Observation 1: For PRACH format 0, it is feasible with CP being shortened for LBT purpose. For PRACH format 4, CP and preamble sequences should be transmitted after the one symbol LBT gap.
Observation 2: If PRACH transmissions uses TA=0 and Rx/Tx switching time for UE transmitting PRACH is less than PUSCH TA for UE transmitting PUSCH in the same subframe, blocking issue between PUSCH and PRACH will occur.
Observation 3: eNB can configure a timing advance for UE to transmit PRACH, to alleviate blocking issue between PUSCH and PRACH in a same subframe.

Proposal 1: LAA-PRACH based on LTE PRACH repeated N times in frequency should be supported.

Proposal 2: Both PRACH format 0 and format 4 PRACH should be supported for LAA Scell.
Proposal 3: For LAA PRACH, legacy PRACH resource/sequence configuration methods can be reused.
Proposal 4: Multiple time resources for PRACH format 4 should be defined in a UL subframe. 

Proposal 5: The starting time domain position of PRACH transmission is triggered by eNB and the following time domain resources can be derived by the UE if the previous LBT fails
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