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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 the following agreements have been captured so far:
· 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.
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.
· Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U
· Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot
· For SSB positions and type-0 PDCCH monitoring in a slot, only Alternatives 1 and 2 (from the previous agreement in RAN1#96bis) are considered further.
· Note: As per the previous agreement one of Alternative 1 and 2 is to be selected at RAN1#97
· Conclusion: There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item. 

2.1	SSB and RMSI transmission
Following the conclusion from RAN1 #97, no new Type0-PDCCH monitoring pattern will be adopted in Rel.16 NR-U. Instead, legacy Rel.15 NR Type0-PDCCH monitoring design will be used directly. To summarize, Rel.15 NR Type0-PDCCH monitoring is defined in Section 13 of TS38.213. For FR1, for an SS/PBCH block index i, a UE will monitor Type0-PDCCH CSS over two consecutive slots. The monitoring starting slot and the starting symbol of the PDCCH are functions of SS/PBCH block index i, and the parameters defined in Table 13-11 of TS38.213 (copied below). The parameters are controlled by a 4 bit field in PBCH. Only SSB/RMSI pattern 1 multiplexing is supported for 15 & 30 kHz SCS.
Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR1
	Index
	

	Number of search space sets per slot
	

	First symbol index

	0
	0
	1
	1
	0

	1
	0
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	2
	2
	1
	1
	0

	3
	2
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	4
	5
	1
	1
	0

	5
	5
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	6
	7
	1
	1
	0

	7
	7
	2
	1/2
	


{0, if  is even}, {, if  is odd}

	8
	0
	1
	2
	0

	9
	5
	1
	2
	0

	10
	0
	1
	1
	1

	11
	0
	1
	1
	2

	12
	2
	1
	1
	1

	13
	2
	1
	1
	2

	14
	5
	1
	1
	1

	15
	5
	1
	1
	2



Out of the existing ways to configure the Type0-PDCCH monitoring, some of them will allow RMSI to be transmitted in the same slot as the corresponding SS/PBCH block (eg. O=0 and M=1/2 as demonstrated in Figure 1), while others may allow RMSI to be transmitted a few ms later (eg. O=2, M=1 as demonstrated in Figure 2). For the later case, for NR-U operation, it is possible that the RMSI transmission has to be in its own Channel Occupancy, instead of sharing the COT of DRS transmission. In that case, in the same DMTC period, the SS/PBCH blocks transmission and RMSI transmission may be independent (subject to separate LBT). Even though under some conditions, the DRS transmission itself can use Cat 2 LBT, the RMSI transmission in a different COT has to use Cat 4 LBT.



[bookmark: _Ref16705819]Figure 1. Same-slot Type0-PDCCH mapping (when O=0, M=1/2).



[bookmark: _Ref16814575]Figure 2: Different-slot Type-0 PDCCH mapping (e.g. O=2, M=1)

[bookmark: p1]Observation 1. Legacy Type0-PDCCH configure has multiple options to support both RMSI PDSCH shares the same slot as SSB or RMSI PDSCH uses different slot for SSB 

Previously, multiple companies propose to consider RMSI PDSCH rate matching around SSB. Now that legacy NR Type0-PDCCH monitoring is used, the SS/PBCH block and the corresponding RMSI PDSCH may not transmit together. Define properly rate matching mechanism become more difficult. Therefore we propose to not support additional RMSI PDSCH rate matching behaviour.
[bookmark: p2]Proposal 2. RMSI PDSCH rate matching around SSB is not supported in NR-U.

2.2	Synchronization Raster
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. 
Furthermore, since CSI-RS (at least 24 PRBs) can be used to fulfil the OCB requirement, and to avoid CSI- puncturing SSB, SSB is restricted to one side of the 20 MHz band. 
Also: if RMSI is FDM-ed (i.e. not rate-matched) with SSB, its PDSCH type-1 frequency allocation must be contiguous. To maximize RMSI capacity, SSB should only be broadcast at the extreme top or bottom of the PRB range of the 20 MHz channel.
[bookmark: PRACH_PRB_BInter][bookmark: DRSD_ObsSsbRestrictions]Observation 3: SSB transmission PRBs is restricted by the following requirements:
· when CSI-RS (at least 24 PRBs) is used to fulfil the OCB requirement, it should neither puncture nor be punctured by SSB.
· if RMSI PDSCH is restricted to type-1 Rel-15 frequency allocation, FDM-ed SSB should be transmitted in the lowest or highest PRBs of the 20 MHz channel.
[bookmark: DRSE_PropRan4]Proposal 4: RAN4 should account for the considerations of the above observation, when considering the sync raster point(s) in each 20 MHz channel.
3. PRACH
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


The following was agreed in RAN1 #96 [8-9].
Agreement:
For PRACH evaluations, following metrics should be provided:
	Parameter
	Value
	Notes

	Scheme
	
	Eg. Alt4-ZC139x2

	SCS
	
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	
	Eg. 139,

	# of repetition (R)
	
	If repetition of sequence is used in freq domain

	N_cs

	
	Eg. 11

	# of RBs used for one RO (N_RB)
	
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	# of interlaces used by one RO (N_interlace)
	
	# of uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) with RBs used for one PRACH RO

	RACH frequency occupancy (MHz)
	
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=-5dB

	SNR (dB)
	
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme

	Backoff (dB)
	
	Backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO. Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	
	MCL = P_TX-SNR-Np

	N_FDM
	
	# of ROs in 20MHz

	Capacity
	
	Across all ROs in 20MHz. Should report any constraints on ISD for the scheme evaluated.



The following was agreed in RAN1 96 bis [10-11].
Agreement:
PRB/RE-interlaced PRACH is not considered further. Consider the following alternatives should be studied further as options.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139

The following was agreed in RAN1 97 [12].
Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA= [571, 1151]
· 30 kHz: Choose one of L_RA= [283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.

3.1 PRACH channel access
In NR, multiple RACH occasions (RO) are configured back-to-back. NR-U UEs are expected to perform LBT before RACH transmission. To maintain the availability of all ROs, it is imperative that a UE attempting RACH transmission should not be blocked (due to LBT failure) by other UEs from the same cell using the previous RO. This blocking issue will be more prominent where multiple RACH periods are blocked by transmissions of neighbouring nodes in a loaded system. In NR different UEs would use these different RACH periods but in NR-U due to entire RACH period being blocked, all UEs end up trying RACH in the same RACH period when medium becomes free. Hence the chances of UEs trying to transmit RACH in back to back RACH occasions becomes high. For example, in NR UE1 tries PRACH in period 1, UE 2 tries in period 2, UE 3 tries in period 3. But in NR-U, it is possible that periods 1 to 3 are blocked by transmissions of other nodes. In this scenario all the UEs will try period 4. Within period 4, for all the UEs to be able to transmit PRACH successfully, all of their LBTs must pass.
One of the solutions could be to introduce gaps between successive ROs to allow UEs to perform UL LBT without any interference from other serving cell UEs as is shown in Figure 3.



[bookmark: _Ref16861186]Figure 3. PRACH occasions with LBT gaps
[bookmark: rach_1]Proposal 5: Introduce gaps between consecutive TDM-ed RACH occasions for UL LBT operation.
· The size of gaps shall match the maximum expected UL LBT duration (e.g. at least larger than that obtained by assuming the largest contention window and no other interferers)
· Gaps should be in units of symbols for easier alignment
· Minimum gap required is 1 or 2 symbols for 15 or 30 kHz SCS respectively
3.2	PRACH numerology and bandwidth 
According to agreement made in RAN1 #96 Bis, PRACH will only be time domain multiplexed with other UL channels. Since there is no frequency domain multiplexing of PRACH with PUCCH/PUSCH for SCS= 60 kHz, there is no requirement of supporting PRACH with 60 kHz SCS. Hence PRACH waveforms with 15 and 30 kHz SCS will be sufficient.
[bookmark: p6][bookmark: PRACH_60kHz]Proposal 6: Only 15 and 30 kHz SCS will be supported for NR-U PRACH.
NR-U is also required to support operation on unlicensed spectrum with carriers having 10 MHz BW in LAA mode. However, we do not need see any requirement for supporting PRACH for 10 MHz bandwidth.
[bookmark: rach_4][bookmark: obs_rach_10]Observation 7: PRACH is not supported for 10 MHz bandwidth.
3.3	PRACH simulation results
In this section, we provide PRACH simulation results with 15 kHz and 30 kHz SCS. We consider the scenario with 20 MHz BW, where there are 106 PRBs with 15 kHz SCS and 51 PRBs with 30 kHz SCS.
In general, we compare the following alternatives:
1. Rel-15 PRACH: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers
2. Rel-15 PRACH repeated to occupy half the BW: Legacy NR PRACH sequence of length 139 mapped to 12 contiguous RBs:
a.  {0-11, 12-23} for 30 kHz and
b.  {0-11, 12-23, 24-35, 36-47} for 15 kHz SCS.
3. Rel-15 PRACH repeated to occupy the entire BW: Legacy NR PRACH sequence of length 139 mapped to 12 contiguous RBs:
a. {0-11, 12-23, 24-35, 36-47} for 30 kHz and
b. {0-11, 12-23, 24-35, 36-47, 48-59, 60-71, 72-83, 84-95} for 15 kHz SCS
4. Wideband ZC sequence with longer length mapped to contiguous PRBs.  
a. L_RA= 571 for 30 kHz SCS, L_RA= 1151 for 15 kHz SCS, (Full band contiguous PRACH)
b. L_RA= 283 for 30 kHz SCS, L_RA= 571 for 15 kHz SCS, (Half band contiguous PRACH)
For 139 length PRACH sequence (L_RA=139), 64 preambles are generated using =17, and u = [21   118 22  117 23  116 24  115],  values from Table 6.3.3.1-4 and 6.3.3.1-5 in [13]. For case 4 with 30 kHz SCS (L_RA=571), the 64 PRACH sequences are generated using =46, and u = [1 570 2 569 3 568]. For case 4 with 30 kHz SCS (L_RA= 283), the 64 PRACH sequences are generated using =34, and u = [1 282 2 281 3 280 4 279].
For case 4 with 15 kHz SCS (L_RA= 1151) the 64 PRACH sequences are generated using =55, and u = [1 1150 2 1149]. For case 4 with 15 kHz SCS (L_RA= 571) the 64 PRACH sequences are generated using =46, and u = [1 570 2 569 3 568].
Note that, the 80% BW occupancy OCB constraint is not met in alternative 1, 2, and 4b, but the constraint is satisfied for alternatives 3 and 4a. Alternatives 2 and 3 have large PAPR/CM compared to contiguous sequences. In these cases, PAPR reduction techniques have been applied on the repetitions of ZC sequences. For case 2, phase ramp of π radian per subcarrier is applied to the second ZC sequence. For case 3, random scrambling is applied on top of the repetitions of the ZC sequences. Details of the PAPR/CM reduction study is provided in Appendix A.3.
The PRACH sequences are detected by 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 receive antennas and frequency repetitions (if any) and 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 100ns, using 64 PRACH sequences of format A1 without any interference and SCS of 30 kHz and 15 kHz.
We compare the maximum coupling loss (MCL) metric for all the frequency allocation schemes using SCS = 30 kHz in Table 1. Note that, the P_TX computation as per the agreement (min(P_max, 23-Backoff)) is pessimistic as it does not allow even the fullband ZC sequence transmission to achieve 23 dBm transmit power. Hence we also present P_TX and MCL numbers with an updated formula min(P_max, 23+X-Backoff)), X =2.
[bookmark: _Ref6921352]Table 1. MCL values for different frequency allocation schemes for SCS=30kHz
	Parameter
	Value

	Scheme
	Rel 15, ZC-139
	ZC-139x2
	ZC-139x4
	ZC-571
	ZC-283

	SCS
	30
	30
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	139
	139
	571
	283

	# of repetition (R)
	1
	2
	4
	1
	1

	N_cs
	17
	17
	17
	46
	34

	# of RBs used for one RO (N_RB)
	12
	24
	48
	48
	24

	# of interlaces used by one RO (N_interlace)
	N/A
	N/A
	N/A
	N/A
	N/A

	RACH frequency occupancy (MHz)
	4.17
	8.34
	16.68
	17.13
	8.49

	Noise level, Np (dBm)
	-102.8
	-99.8
	-96.8
	-96.66
	-99.7

	SNR (dB)
	-4.81
	-8.69
	-12.52
	-11.89
	-8.68

	P_max (dBm)
	16.2
	19.2
	22.2
	22.33
	19.28

	Backoff (dB)
	2.34
	3.04
	4.27
	2.34
	2.34

	P_TX (dBm)
	16.2
	19.2
	18.73
	20.66
	19.28

	P_TX with updated formula
	16.2
	19.2
	20.73
	22.33
	19.28

	MCL (dB)
	123.8
	127.69
	128.05
	129.21
	127.66

	MCL with updated formula
	123.8
	127.69
	130.05
	130.88
	127.66

	N_FDM
	4
	1
	1
	1
	2

	Capacity
	4416
	1104
	1104
	6840
	4512




The MCL values for the five frequency allocation schemes using SCS =15 kHz are shown in Table 2.
[bookmark: _Ref6921878]Table 2. MCL values for different frequency allocation schemes for SCS=15 kHz
	Parameter
	Value

	Scheme
	Rel 15, ZC-139
	ZC-139x4
	ZC-139x8
	ZC-1151
	ZC-571

	SCS
	15
	15
	15
	15
	15

	PRACH sequence length (L_RA)
	139
	139
	139
	1151
	571

	# of repetition (R)
	1
	4
	4
	1
	1

	N_cs
	17
	17
	17
	55
	46

	# of RBs used for one RO (N_RB)
	12
	24
	96
	96
	48

	# of interlaces used by one RO (N_interlace)
	N/A
	N/A
	N/A
	N/A
	N/A

	RACH frequency occupancy (MHz)
	2.085
	8.34
	16.68
	17.265
	8.565

	Noise level, Np (dBm)
	-105.81
	-99.8
	-96.79
	-96.63
	-99.67

	SNR (dB)
	-4.63
	-11.48
	-14.86
	-14.97
	-11.65

	P_max (dBm)
	13.19
	19.2
	22.22
	22.37
	19.32

	Backoff (dB)
	2.34
	4.29
	4.29
	2.34
	2.34

	P_TX (dBm)
	13.19
	18.71
	18.71
	20.66
	19.32

	P_TX with updated formula
	13.19
	20.71
	20.71
	22.37
	19.32

	MCL (dB)
	123.63
	129.99
	130.36
	132.26
	130.64

	MCL with updated formula
	123.63
	131.99
	132.36
	133.97
	130.64

	N_FDM
	8
	1 
	1
	1
	2

	Capacity
	8832
	1104
	1104
	23000
	13680



From the simulation results, we make the following observations:
[bookmark: rach_5][bookmark: obs_rach]Observation 8: Long ZC sequence with contiguous allocation has the maximum capacity for both SCS =15 and 30 kHz.
[bookmark: rach_6]Observation 9: Long ZC sequence with contiguous allocation have lower CM than repeated 139 length ZC sequences even with the application of CM reduction methods.
Observation 10: Long ZC sequence with full band contiguous allocation with L_RA=1151 and 571 have better MCL than long ZC sequence with half band contiguous allocation L_RA=571 and 283, respectively for 15/30 kHz SCS.
[bookmark: rach_7]Observation 11: Long ZC sequence with contiguous allocation provides the best MCL value for both SCS =15 kHz and 30 kHz. Note that, the P_TX computation is pessimistic. If the P_TX formula is updated as min(P_max, 23+X-Backoff)), X =2, then Alt4 (long continuous allocation) has even better MCL gains.
Considering the MCL/capacity trade-off it can be observed that the wideband long sequence is the most preferred option.
Hence, we make the following proposal:
[bookmark: rach_8]Proposal 12: Long ZC sequence with contiguous frequency allocation should be used for NRU PRACH. Following ZC sequence lengths are supported:
· For 15 kHz: L_RA=1151
· For 30 kHz: L_RA=571.
3.4 Virtual PRACH occasions
If long ZC sequences occupying full band are used for PRACH, different RACH occasions (RO’s) corresponding to different beams/SSB index cannot be frequency domain multiplexed (FDM’d). This this may increase the number of resources used for different ROs as they have to be TDMed. One efficient solution to solve this problem is to define a Virtual Rach Occasion (VRO). Virtual Rach Occasion (VRO) is a set of long PRACH sequences which occupy a certain time-frequency block. Since with long ZC sequences, the number of available orthogonal sequences are also increased, one may assign multiple sets of 64 sequences in each cell. Note that, using full band contiguous sequences increases the PRACH capacity significantly as seen in Table 1 and Table 2. Each such set of 64 sequences then becomes a VRO. The number of VROs can be kept same as the number of FDM’d ROs before using 139 length sequence. Thus, there are no specification changes compared to NR Rel. 15. For example, in a 20 MHz BW using 30 kHz SCS, 4 ROs can be FDM’d in one symbol using 139 length PRACH sequence. Instead we define 4 VROs, i.e. 4 sets each containing 64 sequences of length 571. 
Each VRO will have a different set of root indices configured by the gNB, which may or may not be exclusive. The 0th VRO will have a starting root index configured. Root index is incremented after all cyclic shifts are exhausted. This process is continued till 64 sequences corresponding to 0th VRO are selected. For the 1st VRO, one can start from the next cyclic shift of the same root index or move to the next root index and start populating PRACH sequences. The VRO to RO mapping is shown in Figure 4. 
[image: ]
[bookmark: _Ref15392763]Figure 4. Virtual Rach Occasions
[bookmark: rach_9]Proposal 13: SSB to RO mappings with frequency domain multiplexing are replaced by SSB to VRO mappings, where VROs are a set of 64 long sequences. 
Each VRO will have different set of root indices configured by gNB
4. Summary
In this section, we summarize the initial access signals and channels for NR-U in sub-7Ghz band along with the performance evaluation. We have the following observations and proposals.
Observation 1. Legacy Type0-PDCCH configure has multiple options to support both RMSI PDSCH shares the same slot as SSB or RMSI PDSCH uses different slot for SSB 
Proposal 2. RMSI PDSCH rate matching around SSB is not supported in NR-U.
Observation 3: SSB transmission PRBs is restricted by the following requirements:
· when CSI-RS (at least 24 PRBs) is used to fulfil the OCB requirement, it should neither puncture nor be punctured by SSB.
· if RMSI PDSCH is restricted to type-1 Rel-15 frequency allocation, FDM-ed SSB should be transmitted in the lowest or highest PRBs of the 20 MHz channel.
Proposal 4: RAN4 should account for the considerations of the above observation, when considering the sync raster point(s) in each 20 MHz channel.
Proposal 5: Introduce gaps between consecutive TDM-ed RACH occasions for UL LBT operation.
· The size of gaps shall match the maximum expected UL LBT duration (e.g. at least larger than that obtained by assuming the largest contention window and no other interferers)
· Gaps should be in units of symbols for easier alignment
· Minimum gap required is 1 or 2 symbols for 15 or 30 kHz SCS respectively
Proposal 6: Only 15 and 30 kHz SCS will be supported for NR-U PRACH.
Observation 7: PRACH is not supported for 10 MHz bandwidth.
Observation 8: Long ZC sequence with contiguous allocation has the maximum capacity for both SCS =15 and 30 kHz.
Observation 9: Long ZC sequence with contiguous allocation have lower CM than repeated 139 length ZC sequences even with the application of CM reduction methods.
Observation 10: Long ZC sequence with full band contiguous allocation with L_RA=1151 and 571 have better MCL than long ZC sequence with half band contiguous allocation L_RA=571 and 283, respectively for 15/30 kHz SCS.
Observation 11: Long ZC sequence with contiguous allocation provides the best MCL value for both SCS =15 kHz and 30 kHz. Note that, the P_TX computation is pessimistic. If the P_TX formula is updated as min(P_max, 23+X-Backoff)), X =2, then Alt4 (long continuous allocation) has even better MCL gains.
Proposal 12: Long ZC sequence with contiguous frequency allocation should be used for NRU PRACH. Following ZC sequence lengths are supported:
For 15 kHz: L_RA=1151
· For 30 kHz: L_RA=571.
Proposal 13: SSB to RO mappings with frequency domain multiplexing are replaced by SSB to VRO mappings, where VROs are a set of 64 long sequences. 
Each VRO will have different set of root indices configured by gNB
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[bookmark: _Ref4759954][bookmark: _GoBack]Appendix 
A.1 PAPR/CM reduction
The PAPR/CM in the PRACH frequency allocation schemes with repetitions can be reduced by using several methods like scrambling, phase ramp, using different PRACH sequences etc. The 95% CCDF values of CM with different methods using 30 kHz SCS are compared in Table 3. Note that the corresponding value for a Rel. 15 ZC 139 length sequence is 2.34 dB.
[bookmark: _Ref6990401]Table 3. CM comparison for 30 kHz SCS
	Methods
	ZC 139x2, 2 repetitions
	ZC 139x4, 4 repetitions

	No PAPR reduction
	4.88
	8.48

	Random scrambling
	3.95
	4.27

	π phase ramp
	3.04
	6.32

	π/2 phase ramp
	3.62
	5.53

	π/4 phase ramp
	3.48
	4.81
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