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1. Introduction
The work item description on NR based access to unlicensed spectrum [1] contains the objectives of the WI which include the following:
Physical layer aspects:
· NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2).
· 60kHz based SSB/PBCH block is outside the scope of the WI.
· DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure;
· 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.
Physical layer procedure(s):
· Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)
· Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1 
2. NR-U DRS
In RAN1 #AH1901, #95, and #94 we agreed the following:
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 
· The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)
· “Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and SS/PBCH block occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block.
· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.”
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for:
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.

In SA/DC scenario it is agreed to multiplex RMSI with the SSB using pattern 1 and initial BWP of 20MHz. Furthermore, to limit shared medium contention, as well as UE power consumption, an NR-U goal is to ensure that essential broadcast (SSB, RMSI, Paging and their CORESETs) information be transmitted compactly, within LBT priority constraints. 
Towards this goal, RAN1 already agreed to multiplex Type-0 PDCCH in the gaps between SSBs. 
For commonality with NR Rel-15, it is preferable for case A/C SSB configurations to be maintained for 15/30 kHz SCS respectively, hence:
[bookmark: DRS_P1_SSB_FrameCfg]Proposal 1: SSB frame configuration should follow Rel-15 Case C for 30 kHz (including initial access), and Case A (15 kHz SCS, based on higher layer configuration). 
For these cases (A/C), it remained FFS in RAN1#AH1901 whether the half-slot Type-0 PDCCH configurations should be limited to symbol #6, #7 or allowed in both. Resolving this FFS requires RAN1 to consider the flexibility needed for the Type0-PDCCH mapping table [38.213, section 13], currently limited to 16 entries.
At this point, both 1- and 2-symbol CORESETS should be considered for Type0-PDCCH (allow gNB to trade-off range, capacity, and multiplexing ability).
· AL16 requires 2-symbol CORESET for 30 kHz SCS
· In some configurations, Type-0 CORESET could also host non-RMSI allocations (e.g. Paging, OSI)
· Single-symbol CORESET maximizes the capacity available to RMSI PDSCH in the SSB slot.
· Symbol #6 CORESET allows Type-B to allocate the entire second half-slot.
· Symbol #7 CORESET ensures uniform number of PRBs between CORESETS around the even and odd SSB positions, as show in Figure 1



[bookmark: _Ref1124075]Figure 1: Type-0 PDCCH candidates for NR-U

[bookmark: DRS_P2_Type0PDCCH]Proposal 2: NR-U supports at least 2-symbol CORESETS for Type-0 PDCCH for NR-U. For even SSB, the Type0-PDCCH starts at symbol #0. For odd SSB, the Type0-PDCC starts at symbol #6.
· FFS if 1-symbol CORESET for Type0-PDCCH is needed
[bookmark: T0PDCCH_be_SSBs]For allocating RMSI PDSCH, Rel-15 only considers TDM or FDM with SSB. For each approach, there will be some REs not usable by the RMSI PDSCH. Furthermore, the TDM option also is not compatible with using RMSI to meet the OCB requirement for the SSB symbols.
If further optimization can be considered, NR-U allocation of PDSCH allocation should consider rate-matching around SSB resources.
[bookmark: _Hlk896406][bookmark: DRS_P4_RM]Proposal 3: Consider a rate-matching option to the allocation of RMSI PDSCH, around SSBs.
In considering rate-matching the following concerns must be addressed:
· which SSB candidates to rate match around (e.g. explicit indication via DCI or, all SSB candidates, or only certain SSB candidates).
· In the latter case where SSB candidate transmission can be assumed skipped RAN1 should further discuss whether the assumption is frozen in specification, or configurable in SSB (e.g. part of Type-0 PDCCH RI)
· Channel estimation (e.g. how to handle cases where normal PDSCH DMRS falls in SSB symbols, additional savings if DMRS is shared with PDCCH, etc). 
[bookmark: DRS_P5_RM_SSB_DMRS]Proposal 4: For rate-matching RMSI PDSCH in DRS, RAN1 shall consider:
· how UE becomes aware of SSB transmissions to rate match around;
· how RMSI PDSCH channel estimation is performed.
To ensure compact DRS transmission, in the presence of LBT, the multiplexing of Paging (and, if possible OSI) PDSCH must be flexible enough to maintain continuity with SSBs, while ensuring robust transmission. Two options can be considered:
· Fixed paging opportunities: PDSCHf(i) that share QCL with SSBi are located at fixed position 
· Possibly subject to cyclically-wrapping 
· Floating paging opportunities: PDSCHf(i) that share QCL with SSBi follows the SS Burst
These options could impact Type2-PDCCH definitions, SLIV table (e.g Default A adaptation or higher-layer pdsch-TimeDomainAllocationList provided in pdsch-ConfigCommon), e.g. for more flexible K0 signaling to maintain continuity of PRNTI PDCCH/PDSCH with SSB/RMSI in DRS.

[bookmark: DRS_P6_PagingOSI]Proposal 5: NR-U should support transmitting Paging and OSI in the same COT as SSB and RMSI, whenever possible. Type-2 PDCCH configuration, as well as SLIV table shall be considered to make this possible.

Regarding DRS synchronization raster, to minimize cell search time and energy needs, it is preferable to minimize the number of searches needed per band. In LTE-LAA, 5 sync raster points were defined per 20MHz, mainly to support CA due to the LTE limitation that the sync raster is at the center of a component carrier. In NR, sync raster is not necessarily at the center of a component carrier, so the sync raster density can be further reduced. 

[bookmark: DRS_P7_SyncRaster]Proposal 6: RAN1 shall inform RAN4 the preferences to support one sync raster point in each 20 MHz channel
PRACH
3.1	Interlace Structure
In RAN1#95 and 94 we agreed the following:
· For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH
· Note: This is only from a user-multiplexing perspective. Other aspects of PRACH design need to be considered, i.e., timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power
· For scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH
· FFS: Potential LBT blocking due to TA difference between FDM’d PUSCH, PUCCH, and PRACH
· For scenarios in which a block-interlaced waveform is used for UL transmission, a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS, and potentially for 60 kHz SCS
· Link budget limited cases with given PSD constraint
· It is observed that power boosting gains decrease with increasing SCS
· As one option to efficiently meet the occupied channel bandwidth requirement
· Comparatively less specification impact than Sub-PRB interlace design 
· Design for 60 kHz requires further discussion, e.g., sub-PRB vs. PRB-based block interlace designs
· The following has been observed for sub-PRB block interlace designs
· In some scenarios sub-PRB interlacing can be beneficial in terms of power boosting
· FFS: scenario details, e.g., small resource allocations
· Sub-PRB interlace design has at least the following specification impact:
· Reference signal design (e.g., DMRS)
· Channel estimation aspects
· Resource allocation
· It has been identified as beneficial to support a block-interlaced structure in which the number of interlaces (M) decreases with increasing SCS, and the nominal number of PRBs per interlace (N) is similar for each SCS (in a given bandwidth) at least for 15 and 30 kHz SCS, and potentially 60 kHz depending on supported interlace design
· FFS: M and N for each supported SCS
· FFS: 60 kHz in case a sub-PRB interlace is introduced
· From a RAN1 perspective it has been identified that supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is beneficial from a spectrum utilization point of view
· FFS: Exact number of PRBs per interlace for supported value(s) of M and N
· Note: M is the number of interlaces and N is the nominal number of PRBs per interlace in a given bandwidth
· FFS: Whether or not there are issues in the interlace design in the resource allocation to 2^n1*3^n2*5^n3 in the case of DFT-s-OFDM

In RAN1#93 the following was agreed with respect to the UL PRACH signals in NR-U:
· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that interlaced based PRACH can be beneficial. 
· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:
· Interlacing based on PRB or REs
· Targeted cell sizes
· Targeted PRACH capacity
· Targeted false alarm and detection rates
· Targeted timing estimation accuracy
· Number of formats
· Multiplexing with other channels such as block interlaced PUCCH and PUSCH
Multiple interlace based PRACH design have been proposed, such as block interlace with non-uniform spacing of PRACH PRBs as listed in [2], or IFDM based PRACH listed in [3].
However, before we discuss on how to map the PRACH to the frequency domain, it is important to identify the PRACH time domain structure as it may affect the frequency allocation. It is also important to discuss whether the expected timing advance can be handled by CP duration for the regular data transmission or not.
In NR, multiple short PRACH formats have been introduced. Figure 2 lists the NR short PRACH formats with 15Khz SCS. The PRACH format with other SCS scaled proportionally in time and frequency domain.



[bookmark: _Ref525676269]Figure 2 Short PRACH format in NR
With interlace structure, multiple options can be considered.
· Option 1: Retain the same time domain structure where the PRACH consists of CP, followed by sequence potentially repeated multiple times
· This option allows potential TA larger than the one can be handled by the CP of regular data transmission. In other words, the CP for PRACH channel can be larger than the CP for regular data transmission.
· However, due to the non-aligned symbol boundary between PRACH and other channels, the adjacent sub-carrier interference is expected when PRACH and other channels are multiplexed on adjacent interlaces/sub-carriers, especially on the first and the last PRACH symbols.
· If the TA is expected to be handled by regular CP duration, PRACH format A can avoid adjacent sub-carrier interference, even when PRACH and other channels are multiplexed on adjacent interlace. 


[bookmark: _Ref525681516]Figure 3 Interlace PRACH structure in time domain as in NR

· Option 2: The block interlace PRACH structure follows the regular PUCCH/PUSCH interlace structure where CP is appended prior to each PRACH sequence. In addition, time domain spreading can be applied on top of each PRACH sequence to increase the dimension of preamble sequence.
· This option assumes that the TA can be handled by regular CP duration for data transmission.



[bookmark: _Ref525681519]Figure 4 Interlace PRACH structure aligned with other channels in time domain 
[bookmark: PRACH_TA_requirement]Proposal 7: Discuss the timing advance required for NR-U and the time domain interlace PRACH structure. The choice of block interlace PRACH structure such as uniform or non-uniform PRB spacing can depend on the TA requirement.
[bookmark: PRACH_TA_IN_CP]Proposal 8: When TA can be handled by regular CP for data transmission, time domain aligned PRACH format with other channels can be considered with potential additional time domain spreading. Alternatively, NR format A structure can be extended to interlace PRACH structure.
[bookmark: PRACH_TA_OUTSIDE_CP]Proposal 9: When TA cannot be handled by regular CP for data transmission, NR PRACH structure can be extended for interlace PRACH structure. However, adjacent sub-carrier interference needs to be considered when PRACH and other channels are multiplexed on adjacent interlaces or sub-carriers.
3.2	PRACH numerology and sequence length 
To minimize adjacent sub-carrier interference when PRACH is multiplexed with other channels in frequency domain, it is preferable to have use the aligned numerology between PRACH and other UL channels. When 60KHz SCS is used for the other UL transmission, it is preferable that PRACH also uses 60KHz SCS, though this might be dependent on UE capability, which cannot be known a-priori for IDLE UEs.
The choice of PRACH sequence length also depends on whether we use PRACH time domain structure as in either Figure 3 or Figure 4. When PRACH has channel structure aligned with other channels, the PRACH channel is similar to interlace PUCCH/PUSCH channel. In this case, the PRACH sequence can reuse the DMRS sequence used for interlace PUCCH/PUSCH.
[bookmark: PRACH_PUSCH_SCS]Proposal 10: Consider the aligned SCS between PRACH and other UL channels to minimize adjacent sub-carrier interference between PRACH and other channels.
[bookmark: PRACH_STRUCT]Proposal 11: The choice of PRACH sequence length depends on the PRACH structure
Primary motivation being multiplexing with PUSCH/PUCCH, 60 kHz waveform design should be driven by whether PUSCH/PUCCH 60 kHz interlace waveform is supported. PRACH sequences with 60 kHz SCS can could be considered for Connected mode. Note that Idle mode UEs may not have the 60 kHz waveform capability, so 60 kHz SCS PRACH waveform is not advisable for this UE state.
[bookmark: PRACH_60kHz]Proposal 12: 60KHz SCS PRACH is only supported if 60KHz block interlace PUCCH/PUSCH is supported, and is used only for Connected mode.
3.3	PRACH simulation results
The following agreements were made in RAN1 AH1901 [6-7]
Agreement: 
Companies are encouraged to provide results comparing the different alternatives using the following simulation assumptions to select between alternative PRACH designs.
· The Rel-15 PRACH design should be simulated as a baseline
	Property
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-C

	Delay scaling
	10ns, 100 ns

	Antenna configuration at BS(1)
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	UE speed
	3 km/h

	Initial timing offset
	Uniformly distributed in [0, 1.2 µs (corresponding to 300 m ISD)]
Optional: Uniformly distributed in [0, 2 µs (corresponding to 500 m ISD)]

	PRACH format
	A1 with other formats optional

	Subcarrier spacing
	15/30 kHz.  (with other SCS optional)

	PRACH sequence and frequency resource allocation 
	For evaluation purpose, the Rel-15 PRACH ZC sequence (with possible length change) should be simulated. Additional/new sequences can be simulated. Each company should provide details on the sequence (type and length) and the resource allocation (e.g., Alt1~Alt4 and detailed mapping).

	Total number of preambles per cell
	64, each company should provide details on how these 64 preambles are generated

	Preamble detector
	Each company should provide details on used algorithm

	Interference assumption
	No interference. 
Optional: -3/0/3dB interference power compared with target PRACH

	Detection Criteria
	1% maximum mis-detection probability(2)

	
	0.1% maximum false alarm probability(3)

	
	maximum timing estimation error being 50% of the normal CP length

	Formatting of results (please also reference Section 8 of R1-1704144 for reporting formats)
	Mis-detection probability vs. SNR

	
	False alarm probability vs. SNR(4)

	
	CDF of timing estimation error

	
	PRACH capacity (maximum number of preambles)

	
	Peak-to-average power ratio and cubic metric

	
	MCL(5)

	(1) See Table 7-1 of R1-1704144
(2) The missed detection probability is defined as the ratio between the total number of transmitted preambles that are either not detected, or detected as a different preamble, or detected but with timing error greater than the maximum value (i.e., 50% of normal CP length), and the total number of transmitted preambles within an observation interval.  
(3) Maximum false alarm probability refers to the case when input at receiver is noise only (considering 64 preamble detectors as in 3GPP TS 36.104, section 8.4.1). 
(4) False alarm probability is defined as the ratio of total number detected but not transmitted preambles, and the total number of possible detection occurrences, where each occurrence (occurrence refers to 64 detections, one for each of the 64 preambles in a cell) is one potential preamble transmission in a RO.
(5) In the MCL calculation, needs to consider the maximum transmit power supported by the PRACH design under PSD limitation and PAPR/EVM characteristic of the design.

Note: Assumptions on the following should be stated
· use of a guard band (if any) 
· definition of SNR
· signal bandwidth used



In this section, we present PRACH simulation results using different frequency resource allocations using two types of PRACH sequences, (i) 139 length Rel-15 ZC sequence, (ii) 113 length ZC sequence, 64 preambles generated similarly to Rel-15 methods. The second set of sequences fit better in an interlace with M=5 and N=10/11. We consider the scenario with 20 MHz BW and 30 kHz SCS which has 51 PRBs.
Using 139 length Rel-15 ZC sequence requires 12 PRBs. We have considered four different PRB allocations:
1. Contiguous allocation: This does not obviously meet the OCB restrictions, but may be used if not meeting 80% OCB requirement is allowed for a short time. The other issue with this type of allocation is that contiguous PRACH cannot be multiplexed with other interlaced PUCCH/PUSCHs. Tx power is also limited to meet the power constraint of 13 dBm/MHz
2. Uniform interlace with M=4: Uniform interlace with M=5, N=10/11 have been agreed for PUCCH/PUSCH in [6] but to get 12 PRBs uniformly interlaced and reuse the Rel-15 ZC sequence, we have used M=4 design. We have also presented results with different ZC length that fit within M=5, N=10/11.
3. Non-uniform interlace 1: This design uses M=5, N=11 with one extra RB from interlace 2. The advantage of this design is that other PUCCH/PUSCH with M=5 can be multiplexed with this PRACH by just puncturing one PRB.
4. Non-uniform interlace 2: This design uses PRBs [0, 3, 9, 12, 18, 21, 27, 30, 36, 39, 45, 48]. The gap between PRBs ensure that maximum one PRB is transmitted in one MHz BW.


[bookmark: _Ref1132447]Figure 5 Different frequency allocation options for length 139 PRACH
The different frequency allocations are shown in Figure 5. The 64 PRACH sequences are generated using and u values in Table 6.3.3.1-4 and 6.3.3.1-5 in [8]. 
The PRACH sequences are detected by the correlating the received tones with candidate sequences and thus obtaining a set of raw frequency domain channel estimates. We perform IFFT on this raw channel estimate vector and sum the power delay profile across OFDM symbols. We then find the correct timing from the peak location in the power delay profile. One particular PRACH sequence is declared to be detected if its correlation energy is greater than a pre-computed threshold and the timing is within the maximum value (i.e., 50% of normal CP length).  The simulation results are generated using TDL-C channel having delay scaling of 10ns and 100ns, using 64 PRACH sequences of format A1 without any interference and SCS of 30 kHz.
The missed detection and false alarm probabilities as defined in the agreement are simulated as a function of SNR and plotted in Figure 6 and Figure 7 for 139 length PRACH sequence and TDL-C channel with 10 ns delay scaling. The CDF of delay estimation error measured in SNR =-2 dB is plotted in Figure 8. Similarly, for TDL-C channel with 100 ns delay scaling, the missed detection and false alarm probabilities are plotted in Figure 9 and Figure 10. In Figure 11, we present the CDF of delay estimation error measured at SNR =-6 dB for this channel.

[image: ]
[bookmark: _Ref1133414]Figure 6 Missed detection probability vs SNR, for SCS=30 kHz, 139 length PRACH, TDL-C channel with 10 ns delay scaling.
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[bookmark: _Ref1133415]Figure 7 False alarm probability vs SNR, for SCS=30 kHz, 139 length PRACH, TDL-C channel with 10 ns delay scaling.
[image: ]
[bookmark: _Ref1134144]Figure 8 CDF of delay estimation error at SNR =-2 dB for SCS=30 kHz, 139 length PRACH, TDL-C channel with 10 ns delay scaling.
[image: ]
[bookmark: _Ref1135229]Figure 9 Missed detection probability vs SNR, for SCS=30 kHz, 139 length PRACH, TDL-C channel with 100 ns delay scaling.
[image: ]
[bookmark: _Ref1135231]Figure 10 False alarm probability vs SNR, for SCS=30 kHz, 139 length PRACH, TDL-C channel with 100 ns delay scaling.
[image: ]
[bookmark: _Ref1135232]Figure 11 CDF of delay estimation error at -6 dB, for SCS=30 kHz, 139 length PRACH, TDL-C channel with 100 ns delay scaling.

We also simulated PRACH performance results with length 113 ZC sequences. The 10 PRBs required to transmit 113 length PRACH sequence are allocated in the following three designs as shown in Figure 12.
1. Contiguous allocation of 10 PRBs.
2. Uniform Interlace with M=5.
3. Non uniform interlace allocation 1, which uses RBs [1 5 11 15 21 25 31 35 41 45].
The 64 PRACH sequences are generated using =0:15:105, and u = [1 112 2 111 3 110 4 109].  The missed detection and false alarm probabilities are simulated as a function of SNR and plotted in Figure 13  and Figure 14 for TDL-C channel with 100 ns delay scaling. The delay estimation errors are computed at SNR = -4 dB and its CDF is plotted in Figure 15. The SNR of -4dB is selected for this plot as it corresponds to the 1% misdetection point.




[bookmark: _Ref1135924]Figure 12 Frequency allocation options for 113 length PRACH sequence
[image: ]
[bookmark: _Ref1135632]Figure 13 Missed detection probability vs SNR, for SCS=30 kHz, 113 length PRACH, TDL-C channel with 100 ns delay scaling.

[image: ]
[bookmark: _Ref1135691]Figure 14 False alarm probability vs SNR, for SCS=30 kHz, 113 length PRACH, TDL-C channel with 100 ns delay scaling.
[image: ]
[bookmark: _Ref1135696]Figure 15 CDF of delay estimation error at SNR =4 dB, for SCS=30 kHz, 113 length PRACH, TDL-C channel with 100 ns delay scaling.
The required SNR to achieve maximum missed detection probability of 1% and false alarm probability of 0.1% for all the scenarios plotted above are tabulated in Table 1-Table 3. 
[bookmark: _Ref1138546]Table 1 Simulation results summary using 139 length PRACH in TDL-C channel with 10 ns Delay spread
	Frequency resource allocation scheme
	SNR gain from contiguous allocation (dB) 
	PAPR gain from contiguous allocation (dB) 
	Tx power boost compared to contiguous allocation (dB)
	Total gain (dB)

	Contiguous allocation
	0
	0
	0
	0

	Uniform interlace M=4
	3.16
	- 1.42
	4.44
	6.18

	Non uniform block interlace 1
	2.79
	- 3.10
	1.94
	1.63

	Non uniform block interlace 2
	2.77
	- 2.36
	4.44
	4.85




Table 2 Simulation results summary using 139 length PRACH in TDL-C channel with 100 ns Delay spread
	Frequency resource allocation scheme
	SNR gain from contiguous allocation (dB) 
	PAPR gain from contiguous allocation (dB) 
	Tx power boost compared to contiguous allocation (dB)
	Total gain (dB)

	Contiguous allocation
	0
	0
	0
	0

	Uniform interlace M=4
	0.81
	- 1.42
	4.44
	3.83

	Non uniform block interlace 1
	0.80
	- 3.10
	1.94
	-0.36

	Non uniform block interlace 2
	1.74
	- 2.36
	4.44
	3.82



[bookmark: _Ref1138550]Table 3 Simulation results summary using 113 length PRACH in TDL-C channel with 100 ns Delay spread
	Frequency resource allocation scheme
	SNR gain from contiguous allocation (dB) 
	PAPR gain from contiguous allocation (dB) 
	Tx power boost compared to contiguous allocation (dB)
	Total gain (dB)

	Contiguous allocation
	0
	0
	0
	0

	Uniform interlace M=5
	0.25
	- 4.60
	4.44
	0.09

	Non uniform block interlace 1
	-0.01
	- 4.60
	4.44
	-0.17



It can be observed that the uniform block interlace has the maximum gain across all the scenarios. Also, the timing error CDFs show that the maximum timing error is within the requirement of half the CP. Hence, we make the following proposal:
[bookmark: PRACH_PRB_BInter]Proposal 13: Uniform PRB level block interlacing should be considered for PRACH frequency resource allocation.
 Summary
Proposal 1: SSB frame configuration should follow Rel-15 Case C for 30 kHz (including initial access), and Case A (15 kHz SCS, based on higher layer configuration). 
Proposal 2: NR-U supports at least 2-symbol CORESETS for Type-0 PDCCH for NR-U. For even SSB, the Type0-PDCCH starts at symbol #0. For odd SSB, the Type0-PDCC starts at symbol #6.
· FFS if 1-symbol CORESET for Type0-PDCCH is needed
Error! Reference source not found.Proposal 3: Consider a rate-matching option to the allocation of RMSI PDSCH, around SSBs.
Proposal 4: For rate-matching RMSI PDSCH in DRS, RAN1 shall consider:
· how UE becomes aware of SSB transmissions to rate match around;
· how RMSI PDSCH channel estimation is performed.
Proposal 5: NR-U should support transmitting Paging and OSI in the same COT as SSB and RMSI, whenever possible. Type-2 PDCCH configuration, as well as SLIV table shall be considered to make this possible.
Proposal 6: RAN1 shall inform RAN4 the preferences to support one sync raster point in each 20 MHz channel
Proposal 7: Discuss the timing advance required for NR-U and the time domain interlace PRACH structure. The choice of block interlace PRACH structure such as uniform or non-uniform PRB spacing can depend on the TA requirement.
Proposal 8: When TA can be handled by regular CP for data transmission, time domain aligned PRACH format with other channels can be considered with potential additional time domain spreading. Alternatively, NR format A structure can be extended to interlace PRACH structure.
Proposal 9: When TA cannot be handled by regular CP for data transmission, NR PRACH structure can be extended for interlace PRACH structure. However, adjacent sub-carrier interference needs to be considered when PRACH and other channels are multiplexed on adjacent interlaces or sub-carriers.
Proposal 10: Consider the aligned SCS between PRACH and other UL channels to minimize adjacent sub-carrier interference between PRACH and other channels.
Proposal 11: The choice of PRACH sequence length depends on the PRACH structure
Proposal 12: 60KHz SCS PRACH is only supported if 60KHz block interlace PUCCH/PUSCH is supported, and is used only for Connected mode.
Proposal 13: Uniform PRB level block interlacing should be considered for PRACH frequency resource allocation.
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