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Introduction
[bookmark: _Hlk1135894]At RAN1 AH1901 [1], simulation assumptions were determined to study PRACH design.
In addition, four potential PRACH design alternatives were captured in the TR 38.889 [2]:
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 discuss our views on the physical random-access channel (PRACH) design aspects for NR-U.
PRACH Design
In RAN1 AH1901, based on the contributions from the companies and also the feature lead summary, majority of the companies proposed that only the legacy ZC sequence with length 139 to be considered for NR-U and the legacy PRACH with length 839 is not supported. We suggest RAN1 down selects between those ZC sequence lengths and do not support PRACH Format C which targets relatively larger cells. 
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[bookmark: _Hlk1136345]Proposal 1: NR-U supports PRACH with short format ZC sequence with length 139.
PRACH PHY Design
In NR-U, the PRACH sequence may be transmitted using the B-IFDMA approach or by mapping the sequence to a set of subcarriers within one cluster. These two approaches are compared below:
PRACH using B-IFDMA
In this approach, the sequence is mapped to an interlace and has the following properties:
· Maximum transmit power can be utilized due to the wideband transmission.
· Since PRACH and PUSCH follow the same resource allocation methodology, multiplexing of PRACH and PUSCH may be simpler.
· Simultaneous transmission of PUSCH and PRACH with different numerologies may not be possible due to the large overhead incurred by the necessity of introducing guard bands within the interlace.
· Correlation properties of the PRACH preamble degrades.
· PAPR of the PRACH preamble increases.
PRACH using irregular B-IFDMA
In this approach, some type of irregularity is introduced to improve the detection performance B-IFDMA based PRACH. The irregularity may be added by either having non-uniformly placed RBs within an interlace [3], or using non-uniform sequence-to-subcarrier mapping within the RBs of an interlace [4]. The following properties may be attributed to this approach:
· Maximum transmit power can be utilized due to the wideband transmission.
· Multiplexing of PRACH and PUSCH may need puncturing of REs due to the irregularities.
· Simultaneous transmission of PUSCH and PRACH with different numerologies may not be possible due to the large overhead incurred by the necessity of introducing guard bands within the interlace.
· Correlation properties of the PRACH preamble improves compared to the B-IFDMA approach.
· PAPR of the PRACH preamble increases.
PRACH using RE-level interlacing
In this approach, the PRACH sequence is mapped to a set of subcarriers in a single frequency cluster within the channel. Note that the bandwidth of the PRACH cluster does not have to be equal to the channel bandwidth as shown in Figure 2‑1.
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[bookmark: _Ref534963656]Figure 2‑1 PRACH samples using RE-level interlacing
The following properties may be attributed to this approach:

· This approach provides a mechanism to trade-off transmit power with PRACH bandwidth. The transmit power may be increased by increasing the interleaving factor, resulting in larger occupied bandwidth. If the bandwidth of the cluster is not large enough, transmit power may be limited due to the PSD regulation [5]. However, this limitation may easily be mitigated by utilizing a cluster with relatively large bandwidth. For example, with 60 kHz subcarrier spacing and a PRACH sequence length of 139, a PRACH bandwidth of about 8 MHz is achieved, which is sufficient to meet the PSD regulations. An example may be seen in Option (a) of Figure 2‑1. 
The same PRACH bandwidth may also be achieved by using a smaller subcarrier spacing while mapping the sequence in an interleaved fashion to the subcarriers within the cluster. As an example, with 15 kHz subcarrier spacing and an interleaving factor m = 4 in Option (b) of Figure 2‑1, the same PRACH bandwidth can be achieved. Note that according to the regulations in [5], “an equipment may operate temporarily with an Occupied Channel Bandwidth of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz.” So, PRACH bandwidths of more than 2 MHz are acceptable.
· The potential collision between channels that support B-IFDMA, e.g. PUSCH, and PRACH can be handled by the scheduler.
· The correlation and PAPR properties of the PRACH preambles are the same as those in NR. The number of the additional autocorrelation peaks and the size of the zero-autocorrelation zone may be controlled by the interleaving factor. A smaller interleaving factor would increase the zero-autocorrelation zone. As can be seen from Figure 2‑2, the cubic metric (CM) of the B-IFDMA approach may be up to 1.5 dB worse than the RE-level interleaving approach. 
Based on the above discussion, we propose the following:
Proposal 2:	NR-U supports PRACH with RE-level interlacing within one cluster of the channel bandwidth.
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[bookmark: _Ref513638207]Figure 2‑2 CM of PRACH with B-IFDMA and RE-level interleaving
RACH resources
To mitigate channel access latency for PRACH preamble transmission, due to LBT and particularly in highly loaded channels, the following agreement was reached at RAN1#94b [6]:
Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
· Frequency-domain enhancement
· Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Time-domain enhancements
· For connected mode UE, scheduling of PRACH resources via DCI. 
· Triggered PRACH within TXOP can use a new resource
· For idle mode UE, scheduling of PRACH resources via paging
· Note: potential inefficiency in network resource due to paging across multiple cells
· Additional, new RACH resources are used immediately following detection of DRS transmission
· Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
· Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· FFS: How to handle potential multiple RARs to same UE
· Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Frequency-domain enhancements
It has been agreed that a BWP may be composed of multiple LBT subbands. It is still under discussion whether an UL BWP can be composed of a varying set of LBT subbands based on those acquired by a UE. In such a case, it makes sense to provide a UE with RACH resources across multiple LBT subbands. This creates channel selection diversity and reduces the probability of the UE being unable to transmit a PRACH preamble. The UE can attempt LBT on multiple LBT subbands but should perform a single PRACH preamble transmission.
Proposal 3: A UE can be configured with RACH resources on multiple LBT subbands.

Time-domain enhancements
Increasing PRACH resources in time does not address the clustering effect that LBT can lead to. Even though there are multiple PRACH resources, PRACH transmissions will cluster to a few of those, based on the channel load. Therefore, more UEs may transmit PRACH preambles in a single resource. This increases probability of contention, although contention resolution methods may still function adequately.
Given that UEs are not time aligned prior to transmitting PRACH preamble, it is also possible that a first UE may acquire the unlicensed channel for transmission of PRACH and block other UEs from doing so. Inter-UE blocking caused by LBT may thus limit the benefits of increasing the number of PRACH resources along with reducing over-all channel usage.
It has been agreed that switching between DL and UL within a COT is beneficial. Therefore, the gNB can acquire the unlicensed channel and send a triggering signal for PRACH, such as DCI, paging or DRS as in the above agreement. This can mitigate blocking issues and enable multiplexed transmissions by reducing or even eliminating the need for LBT prior to triggered PRACH. Furthermore, the network can adapt the PRACH resources dynamically to better deal with collisions.
The UE can be configured or indicated to use a certain LBT configuration for PRACH transmission following the reception of a trigger.

Proposal 4: A trigger signal for a PRACH transmission can include any of DCI indication, paging or DRS transmission.
Proposal 5: Triggered ROs may be associated with a modified LBT.

Multiplexing of RACH and other channels
In channels with significant load, channel acquisition may be impacted due to failed LBT. As such, the ability to maximize the use of a COT is critical to achieve high system throughput and also to best optimize co-existence (i.e. by reducing the amount of time a network needs to operate on a channel). It therefore makes sense that slots should not be dedicated solely to ROs.
Cases where UEs independently perform LBT to acquire the channel for transmission of PRACH may not naturally lend themselves to multiplexing between multiple UEs. On the other hand, for cases where ROs are dynamically triggered by a DL transmission, it is feasible that the COT be shared by multiple UEs. In such a case, support for FDM of PRACH and PUSCH/PUCCH is clearly beneficial.
Similar to the blocking issue discussed above for PRACH, the lack of TA for PRACH transmissions can lead to blocking between PRACH and PUSCH/PUCCH.
Therefore, a UE should be configured or indicated to use a certain LBT configuration for a PRACH/PUSCH/PUCCH which can be dependent on whether UE multiplexing is used. The LBT configuration can include the LBT type or resources on which to perform LBT.
Proposal 6: A UE can be indicated an LBT configuration for an UL transmission, to enable multiplexing.
RACH resource occasions
In NR-U, a UE should perform LBT for accessing the channel before transmitting PRACH. If the channel is free, the UE sends the PRACH. Otherwise, the UE postpones the PRACH transmission. Hence, the network should reserve a time duration for UEs to perform LBT prior to transmitting PRACH. However, in the current configuration of PRACH in NR, no gap is reserved for LBT for RACH occasions (RO). For cases where there are consecutive ROs within a slot, the lack of dedicated time periods to perform LBT could lead to a PRACH transmission in a first RO blocking another UE’s ability to transmit PRACH in a second RO. The problem is especially amplified given that for PRACH transmission, UEs may not be time aligned. How to perform LBT for PRACH in configured ROs should be investigated.
Proposal 7: NR-U should consider how to perform LBT for PRACH transmission in configured ROs.
Conclusions
In this contribution, we discussed our views on the PRACH design for NR-U. We propose the following:
Proposal 1: NR-U supports PRACH with short format ZC sequence with length 139.
Proposal 2: NR-U supports PRACH with RE-level interlacing within one cluster of the channel bandwidth.
Proposal 3: A UE can be configured with RACH resources on multiple LBT subbands.
Proposal 4: A trigger signal for a PRACH transmission can include any of DCI indication, paging or DRS transmission.
Proposal 5: Triggered ROs may be associated with a modified LBT.
[bookmark: _GoBack]Proposal 6: A UE can be indicated an LBT configuration for an UL transmission, to enable multiplexing.
Proposal 7: NR-U should consider how to perform LBT for PRACH transmission in configured ROs.
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