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At the RAN1 #84bis meeting, PRACH resource configuration and PRACH waveform for LAA SCells were discussed. Following working assumptions regarding PRACH were achieved:
· 
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
Considering the above progress, in this contribution, we show our views on the PRACH format design, time-frequency resource allocation methods and possible solutions to increase the PRACH transmission opportunity.
PRACH design
In this section, we discuss the RA preamble format and PRACH time-frequency resources for LAA SCells. 
Random access preamble format
There are five preamble formats in current LTE [1], the first four preamble formats e.g. preamble format 0, 1, 2, 3, with different guard period and preamble length are used to handle medium and large cells. These preamble formats are applicable to both FDD and TDD. For TDD, there is an additional preamble format, preamble format 4 which is transmitted in the UpPTS field of the special subframe. Since the UpPTS has at most two OFDM symbols, the preamble length and the guard time are much shorter than the other four preamble formats. Therefore, preamble format 4 is only applicable to very small cells. Considering that the radius of LAA Cells would not be large due to the transmission power limitation, PRACH duration up to 1msec would be sufficient for LAA SCells. Therefore, it is reasonable to re-use the time-domain structure of existing preamble formats 0 and 4 for eLAA PRACH preamble format. However, in order to  meet the occupied channel bandwidth and power spectral density (PSD) requirements while ensure the TA estimation accuracy, new PRACH waveform design is necessary for eLAA. In [2], it was proposed to re-use legacy LTE PRACH format 0 and/or format 4 repeated N (≥2) times in frequency. The advantage of this option is small specification efforts. However, considering the PSD constraints, large number of repetitions N is required to ensure the PRACH coverage which results in large PRACH overhead. Besides, it is difficult for PRACH to efficiently multiplex with other UL channels. The other option for LAA-PRACH design [3] proposed that the PRACH should be transmitted in one or more of RB interlaces which is the same design for LAA-PUSCH transmission, while new PRACH preamble format needs to be designed which is based upon repetition of one DFTS-OFDM symbol of the same length as a PUSCH DFTS-OFDM symbol. This option is beneficial to multiplex the wideband PRACH and PUSCH on the same subframe and the data interference at preamble edges for multi-cluster transmission is negligible. However, large specification impacts are needed to design the new PRACH format.
Proposal 1: PRACH duration up to 1msec should be sufficient for eLAA SCells. Existing PRACH preamble format 0 /4 with frequency domain repetition or new PRACH format based on PUSCH interlace(s) can be selected for eLAA. 
PRACH time-frequency resource
· Time-domain
In the time domain, current LTE specifies the PRACH resource set and preamble format by the parameter prach-ConfigIndex which is broadcasted in the SIB2. Table 5.7.1-2 and 5.7.1-3 in [1] indicates the preamble format and the subframe where to transmit the RA preamble for FDD and TDD respectively. In licensed cells, the semi-static PRACH resource set configuration works well for both FDD and TDD, since the uplink subframe index for FDD and TDD is fixed within one radio frame. However, for LAA SCells, it is desirable to support flexible DL-UL configuration with variable length frame structure for dynamic DL-UL traffic adaptation, and hence the fixed uplink subframes cannot exist anymore. Therefore, current RRC-configured subframes for PRACH transmission are not suitable for LAA SCells and new indication of PRACH time-domain resources is needed. One potential way is to support flexible timing between the subframe where PDCCH order is received and subframe(s) for corresponding PRACH transmission with maintaining the minimum 6ms latency. As illustrated in Fig. 1, this single PDCCH order in a subframe can enable the UE to perform single PRACH transmission among one of the multiple subframes depending on UL LBT result. This method is beneficial to not only remove the fixed UL subframe restriction in time domain, but also increase the PRACH transmission opportunities for LAA SCells.   
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Proposal 2: For PRACH resources in the time domain, it is preferred to support flexible timing between the subframe where PDCCH order is received and subframe(s) for corresponding PRACH transmission.
· The single PDCCH order in a subframe can enable the UE to perform single PRACH transmission among one of the multiple subframes depending on UL LBT result.
· Frequency-domain
In the frequency domain, current LTE supports at most one PRACH resource on one subframe for FDD. While for TDD, multiple PRACH resources can be configured in a single subframe due to smaller number of uplink subframes per radio frame in TDD. For both FDD and TDD, each PRACH resource continuously occupies a bandwidth corresponding to six resource blocks (RBs) to match the smallest uplink cell bandwidth. However, for LAA SCells, as discussed in section 2.1, the new PRACH waveform should spread its transmission over the entire bandwidth to satisfy the occupied channel bandwidth and power spectral density requirements with achieving sufficient coverage performance. As in legacy LTE, it is desirable to multiplex PRACH and other UL channels e.g. PUSCH, PUCCH in the same subframe. In addition, similar reason as in TDD, LAA SCell should also support multiplexing of multiple PRACH transmissions on the single subframe. One example is illustrated in Figure 2. 


Figure. 2: Example of multiplexing PRACH and PUSCH transmission
Regarding the indication of frequency-domain resource for PRACH transmission, since LAA SCell only supports non-contention based PRACH transmission which is triggered by PDCCH order, it is preferred to take current mechanism for TDD with multiple PRACH resources in the single subframe (e.g. for TDD UL/DL configuration 5, PRACH configuration index = 18) as starting point to minimize specification effort. That is eNB should indicate one specific PRACH resource among preconfigured PRACH resources in the frequency domain by PRACH Mask Index in DCI format 1A for the UE to avoid the collision. The only difference between TDD is the preconfigured PRACH resources in frequency domain should fulfill the multi-cluster transmission.
Proposal 3: For PRACH resources in the frequency domain, 
· It is desirable to multiplex PRACH and other UL channels e.g. PUSCH, PUCCH in the same subframe.
· It is necessary to support frequency-domain multiplexing of multiple UEs’ PRACH transmission in one subframe;
· The indication of frequency-domain resource allocation should be based on current mechanism for TDD with multiple PRACH resources in the single subframe. 
· The preconfigured PRACH resources in frequency domain should fulfil the multi-cluster transmission.
Calculation of RA-RNTI
In legacy way, RA-RNTI is used for Random Access Response identification. The RA-RNTI associating with the PRACH resource where the Random Access Preamble is transmitted, is calculated with following equation [4]:
RA-RNTI= 1 + t_id+10*f_id
Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6).
For both FDD and TDD, the PRACH resource in time domain is pre-configured in the fixed UL subframes, UE always transmits the PRACH on the first available subframe. Therefore, current definition of t_id actually means the subframe index where the PRACH is transmitted. In addition, for FDD, f_id always equals to 0 since there is only one PRACH resource within one subframe. For TDD, f_id can be 0, 1, 2, 3, 4 and 5 since there can be at most six PRACH resources within one subframe. However, for eLAA, the definition of t_id and the value range of f_id need to be re-specified according to the PRACH resource configuration and waveform design.
Based on our discussion in section 2.2, in time domain, PRACH can be transmitted on one of multiple subframes depending on UL LBT result. Therefore, it is more accurate to define t_id to be the index of the subframe where the actual PRACH transmission is performed in eLAA. As for the range of f_id, it depends on how we define the PRACH waveform. If LAA-PRACH design is based on LTE PRACH format 0 and/or format 4 repeated N times in frequency domain, the maximum value of f_id should be 4. Alternatively, if LAA-PRACH is constructed by repetition of one DFTS-OFDM symbol and transmitted based on RB interlace, the maximum value of f_id should be 10.
Proposal 4: For RA-RNTI calculation, the definition of t_id and the value range of f_id need to be specified according to PRACH resource configuration and its waveform design
Channel access framework for PRACH
Although short PRACH format for eLAA is sufficient, LBT is still required before PRACH transmission considering some regional regulation such as in Japan. Timely acquisition of uplink timing is very important since other uplink transmission can be performed only after uplink timing is established. Therefore, LBT mechanism for PRACH should be designed so as to achieve good balance between successful transmission probability and fair coexistence with other systems/transmissions. Fast channel access procedure based on Cat.2 UL LBT can be considered. For example, a single idle observation interval of at least x us e.g. x=25 allows the start of a PRACH transmission which facilitates multiplexing multiple UEs’ PRACH transmission. Besides, energy detection threshold should be set considering that whether the absence of any other technology sharing the carrier can be guaranteed on a long term basis or not. 
Proposal 5: Fast channel access mechanism based on Cat.2 UL LBT is preferred for PRACH transmission.
Enhancements for Random Access Procedure 
Even if fast channel access for PRACH transmission is specified, LBT busy may still occur and prevent PRACH transmission on unlicensed carrier. In this case, it is recommended in [5] that the handling of preamble transmission dropping from Rel-12 Dual Connectivity can be used as baseline: PHY informs MAC of RA preamble dropping and accordingly, MAC does not increase preamble transmission counter and preamble transmission power. However, the UE MAC may keep transmitting RA preamble on one “always busy” unlicensed carrier even if it is possible to obtain the timing advance by transmitting PRACH on another available unlicensed carrier within the same Timing Advance Group (TAG). Therefore, some enhancements besides designing the proper LBT parameters to increase PRACH transmission opportunities are needed. Following two options can be considered.
Option 1: Per-unlicensed carrier transmission of random access preamble.
This option is similar to current random access procedure in LTE with the difference that multiple random access procedures can be performed on multiple unlicensed carriers within the same TAG. Since the availability of the unlicensed carriers cannot be ensured, in order to increase PRACH transmission opportunities, it is preferable to trigger multiple RA preamble transmissions on PRACH resources which are staggered in the time domain on these unlicensed carriers. Once one successful random access response (RAR) is detected by UE, the UE uses the TA indicated by the RAR for all unlicensed carriers within the TAG and stops transmitting preambles on other unlicensed carriers. One example is illustrated in Figure 5-1.

Figure 3-1: Example of per-unlicensed carrier transmission of RA preamble
Option 2: Cross-unlicensed carrier transmission of random access preamble.
Different from option 1 that separate random access procedure is performed on separate unlicensed carrier, option 2 allows one random access procedure shared across unlicensed carriers within the same TAG as shown in Figure 5-2. PRACH resources are also staggered in the time domain on the unlicensed carriers. UE performs LBT on the unlicensed carrier which has the earliest PRACH resource. If LBT busy occurs, UE performs LBT on next unlicensed carrier until finding one LBT-idle carrier to transmit the RA preamble. After the successful transmission of the preamble, UE tries to decode RAR during the RAR window and stops transmitting preambles on other carriers. If the RAR is successfully received by UE, the UE will use the TA indicated by the RAR for all unlicensed carriers within the TAG; otherwise UE resumes the cross-unlicensed carrier transmission of RA preamble, e.g. performs LBT on the next unlicensed carrier having the earliest PRACH resource. 

Figure 3-2: Example of cross-unlicensed carrier transmission of RA preamble
Proposal 6: PRACH transmission opportunities should be increased on multiple LAA SCells in the same TAG. 
Conclusion 
In this contribution, we have discussed on PRACH design for eLAA UL. We made the following proposals. 
Proposal 1: PRACH duration up to 1msec should be sufficient for eLAA SCells. Existing PRACH preamble format 0 /4 with frequency domain repetition or new PRACH format based on PUSCH interlace(s) can be selected for eLAA. 
Proposal 2: For PRACH resources in the time domain, it is preferred to support flexible timing between the subframe where PDCCH order is received and subframe(s) for corresponding PRACH transmission.
· The single PDCCH order in a subframe can enable the UE to perform single PRACH transmission among one of the multiple subframes depending on UL LBT result.
Proposal 3: For PRACH resources in the frequency domain, 
· It is desirable to multiplex PRACH and other UL channels e.g. PUSCH, PUCCH in the same subframe.
· It is necessary to support frequency-domain multiplexing of multiple UEs’ PRACH transmission in one subframe;
· The indication of frequency-domain resource allocation should be based on current mechanism for TDD with multiple PRACH resources in the single subframe. 
· The preconfigured PRACH resources in frequency domain should fulfil the multi-cluster transmission.
Proposal 4: For RA-RNTI calculation, the definition of t_id and the value range of f_id need to be re-specified according to PRACH resource configuration and its waveform design
Proposal 5: Fast channel access mechanism based on Cat.2 UL LBT is preferred for PRACH transmission.
Proposal 6: PRACH transmission opportunities should be increased on multiple LAA SCells in the same TAG. 
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