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RAN #82 officially approved R16 work item on NR-based access to unlicensed spectrum. As part of the agreed WI objectives [1], wideband operations will be specified:

	· PRACH including possible extension of PRACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation. Determine the applicability of Rel-15 NR formats to NR-U operation.RAN1 should decide whether 60 kHz subcarrier spacing for PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements



It was also identified during the study item phase that the long PRACH sequence length defined in NR R15 (L=839) is not beneficial for NR-U, since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment.

Specifically, four potential design alternatives have been identified and discussed during the study item phase, including: 
	· Alt-1: Uniform PRB-level interlace mapping 
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to all of the PRBs of one or more of the interlaces in the PRB-based block interlace structure. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces. 
· It has been identified that a uniform mapping (equal spacing of PRBs) in the frequency domain produces a zero-autocorrelation zone, of which the duration is inversely proportional to the frequency spacing between the PRBs. 
· Alt-2: Non-uniform PRB-level interlace mapping 
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to some or all of the PRBs of one or more of the interlaces in the same PRB-based block interlace structure used for PUSCH/PUCCH. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces. 
· It has been identified that an irregular mapping (non-equal spacing of PRBs/REs) in the frequency domain reduces the false peaks in the PRACH preamble auto-correlation function. 
· Alt-3: Uniform RE-level interlace mapping 
· In this approach, a PRACH sequence for a particular PRACH occasion consists of a “comb-like” mapping in the frequency domain with equal spacing between all used REs. Different PRACH occasions are defined by way of different comb offsets. 
· Since this approach does not fit with the common PUSCH/PUCCH interlace structure, one source suggests that only TDM multiplexing of PUSCH/PUCCH and PRACH should be supported. Another source suggests that puncturing/rate matching PUSCH/PUCCH around the used PRACH REs may be used. 
· Alt-4: Non-interlaced mapping 
· In this approach, a PRACH sequence for a particular PRACH occasion is mapped to a number of contiguous PRBs, same or similar to NR Rel-15. 
· Some sources propose that to fulfill the minimum OCB requirement, that the PRACH sequence is mapped to a set of contiguous PRBs, and the PRACH sequence mapping is repeated across the frequency domain, potentially with guard RE(s)/PRB(s) between repetitions. For each repetition, a different cyclic shift or different base sequence may or may not be applied. 




In this contribution, we briefly discuss our views on PRACH channel design, as well as possible LBT and channel access mechanisms for PRACH preamble transmission in unlicensed spectrum.
PRACH preamble design
Waveform and resource mapping
NR PRACH preamble formats inherit similar design as LTE. The preambles are based on ZC sequence with constant envelope property to maximize PA efficiency and coverage. It consists of two categories: the long sequence formats with 839 tones and short sequence formats with 139 tones, respectively, as shown in Figure 2‑1.
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[bookmark: _Ref510714710]Figure 2‑1 NR PRACH preamble formats
Each category also supports different sets of numerologies, leading to different BW, transmission length and coverage. Based on the conclusion from the study item phase, only the short sequence formats is recommended. 
   
The main challenge in directly applying the R15 RACH preamble formats to NR-U is related to certain regulation requirements. Specifically, the transmission in the unlicensed spectrum is subject to the following requirements on occupied channel bandwidth (OCB) and power spectrum density (PSD) [3][4]
· COB requirements:
· The bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the Nominal Channel Bandwidth (NCB)
· The OCB in 60GHz bands shall be more than 70% of the NCB
· PSD requirements:
· For 5GHz spectrum: maximal EIRP is 23dBm and PSD shall not exceed 10dBm/MHz.
· For 60GHz spectrum: maximal EIRP is 40dBm and PSD shall not exceed 13dBm/MHz.

As shown in Figure 2‑1, the maximal PRACH pre-amble bandwidth using short sequence format, the maximal pre-amble bandwidth is  assuming 30kHz numerology, or  , assuming up to 60kHz numerology is adopted for PRACH preamble in sub-6GHz spectrum. 

In either case, the PRACH preamble will not satisfy the OCB requirements above, given the channel allocation is in unit of 20Mhz for the 5GHz unlicensed spectrum. Further, due to the PSD requirements, the maximal transmit power is also limited. For example, with 4.2mHz BW, the maximal transmit power is limited to ~16dBm. This is much lower than the 23dBm allowed by the regulation and imposes unnecessary constraint on the UL coverage. Therefore, the PRACH preamble waveform needs to be modified for the unlicensed spectrum in order to meet the regulation requirements and allow the UE to reach the corresponding maximum transmit power. 

It should be emphasized that a desirable solution should introduce minimal changes to the existing design for licensed spectrum and should also keep the benefits of the existing PRACH preamble waveform as much as possible (e.g. the inherent constant envelope property from the ZC sequence).

Assuming that OCB requirements needs to be satisfied, Alt-3 (i.e., uniform RE-level interlace mapping) is the preferred solution, which keeps the existing PRACH preamble design and simply apply “tone-interlacing” by factor , to expand the PRACH preamble BW such that both COB requirements and target transmit power are met. 

Figure 2‑2 illustrates an example with , where PRACH preamble tones are mapped to 1 out every 4 subcarriers. Assuming 15kHz SCS, this leads to total  (with 47RB), which satisfy the OCB requirement for a 20Mhz sub-channel.

[image: ]
[bookmark: _Ref510774483]Figure 2‑2 PRACH preamble with tone interlacing

By using the tone interlacing, the PRACH preamble BW can be flexibly configured by the network, through factor , based on deployment as well as the regulation requirement. In addition, the tone-interlacing still preserves the time-domain characteristics of the original PRACH waveform, which allows maximal PA efficiency. Different “comb” of the interlace can be treated as different PRACH preamble groups, and preambles within each group could still be separated through cyclic shifts, subject to delay spread constraints.

Observation 1: Tone-Interlaced PRACH preamble waveform lead to minimal changes to the existing NR PRACH preamble design and maintain the low PAPR property.

Proposal 1: For NR unlicensed, adopt Alt-3, i.e. uniform RE-level interlacing on top of the existing NR PRACH preamble design.

User and channel multiplexing
One aspect related to PRACH preamble waveform design is the multiplexing mechanism with other users and channels. There was argument that since PUSCH and PUCCH will likely inherit the “multi-cluster” (RB-interlacing) design from eLAA, it is better to also adopt the similar multi-cluster waveform for PRACH to allow FDM multiplexing of different channels.

Besides the obvious disadvantage of losing the constant envelope property of the NR PRACH waveform design, FDM-based multiplexing of RB-interlaced PRACH preamble with other users’ PUSCH/PUCCH may not be a desirable choice. In general, the PRACH preamble needs guard band (or guard tones) from other scheduled data transmissions (e.g. PUSCH) due to the following reasons:
· PRACH preamble does not have precise TA control
· PRACH preamble may use different SCS from the regular data [7]
· PRACH preamble may have different CP and sequence length from regular data

To FDM multiplex RB-interlaced preamble with other users’ scheduled PUSCH transmission, more guard tones would be needed to avoid interference to the data transmission, as shown in Figure 2‑3. Therefore, it would be preferable to use TDM multiplexing between tone-interlaced RACH preamble and other users’ scheduled PUSCH/PUCCH transmission. This would minimize the guard tone needed between RACH and data, as well as potential interference to the data.
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[bookmark: _Ref525748066]Figure 2‑3 FDM multiplexing of data and RACH preamble: contiguous vs RB-interlace
Observation 2: TDM multiplexing of RE-level interlaced RACH preamble and PUSCH has less interference to data or requires less guard tones than FDM multiplexing of RB-interlaced RACH preamble and PUSCH.

Meanwhile, it is noted that R15 SRS resource mapping already supports similar “uniform RE-level interlace mapping”, where transmissionComb can be configured by the network in the SRS-config. For example, transmissionComb = 4 corresponds to 1 tone every 4 REs. Therefore, it would be possible to FDM RACH preamble with SRS waveforms, as shown in Figure 2‑4.
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[bookmark: _Ref534992250]Figure 2‑4 FDM of RACH preamble with SRS
Figure 2‑4 illustrates an example where RACH preamble with  FDM’ed with another user’s SRS transmission with transmissionComb configured to 4.

Proposal 2: for NR unlicensed, supports FDM multiplexing of uniform RE-level interlacing RACH preamble with SRS.

Channel access procedure for RACH preamble
Similar as in licensed spectrum, a UE will be configured PRACH resources. Depending on the preamble format and numerology, RACH preamble transmission can be on the order of several hundred micro seconds, so CCA/LBT might be needed before a UE can transmit to avoid interfering other NR-U cells or other RATs. 

The CCA could potentially be done in two alternative ways:
· Option A: UE performs CCA independently before the configured RACH resources
· Option B: Network (i.e. serving gNB) performs CCA and reserves the channel for RACH resources

Obviously, option A is the most basic one, as it treats RACH preamble as an independent transmission and does not assume any gNB side assistance. However, this option may not be the most efficient in certain scenarios. As illustrated in Figure 2‑5, UE may fail the LBT before the configured RACH resource due to scheduled data transmission from its own serving gNB. However, in this case, the RACH UE could have transmitted in the configured RACH resource, as the channel is already “reserved” by the serving cell.
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[bookmark: _Ref525766513]Figure 2‑5 UE LBT can fail due to other transmissions within own serving cell
Therefore, the alternative option B listed above could be useful in this scenario, where the LBT is done only by the gNB before occupying the channel. The RACH UE can safely assume that the channel is already reserved for the RACH transmission and LBT can be skipped as long as the UE can detect the following:
· The channel prior to the RACH resource is occupied by the serving gNB
· The RACH resource is within the CoT of the gNB

The network can indicate this information to the UE by utilizing the ‘initial signal’ as discussed in [6]. A possible initial signal structure is illustrated in Figure 2‑6, where the detection preamble is a universal sequence allowing for low complexity coherent detection.
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[bookmark: _Ref525769832]Figure 2‑6 Network reserving RACH resource using initial signal
In summary, option B can be applied when the serving gNB has also data transmission to schedule for other UEs, while option A can still be used by the RACH UE when no transmission is detected from the serving gNB.

Proposal 4: For NR unlicensed, support the two options below for UE-based LBT and network-based LBT, respectively, for RACH preamble transmissions:
· Option A: UE performs CCA independently before the configured RACH resources
· Option B: Network (i.e. serving gNB) performs CCA and reserves the channel for RACH resources
Conclusions
In this contribution, we briefly discuss potential challenges and solutions to PRACH channel design, as well as possible LBT and channel access mechanisms for PRACH preamble transmission in unlicensed spectrum. We have the following observation and proposals:

Observation 1: Tone-Interlaced PRACH preamble waveform lead to minimal changes to the existing NR PRACH preamble design and maintain the low PAPR property.

Observation 2: TDM multiplexing of tone-interlaced RACH preamble and PUSCH has less interference to data or requires less guard tones than FDM multiplexing of RB-interlaced RACH preamble and PUSCH.

Proposal 1: For NR unlicensed, adopt Alt-3, i.e. uniform RE-level interlacing on top of the existing NR PRACH preamble design.

Proposal 2: for NR unlicensed, supports FDM multiplexing of uniform RE-level interlacing RACH preamble with SRS.

Proposal 3: For NR unlicensed, support the two options below for UE-based LBT and network-based LBT, respectively, for RACH preamble transmissions:
· Option A: UE performs CCA independently before the configured RACH resources
· Option B: Network (i.e. serving gNB) performs CCA and reserves the channel for RACH resources
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