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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, #96bis, #96, #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.
· 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

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. 
2.1	Alt 1, 2 and 3 for SSB positions within a slot
In RAN1 #96, two SSB patterns options within a slot were selected for further down-selection. 
· 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

These options are illustrated in the following figure:
[image: ]
Figure 1: Alt-1/2/3


In this section, we compare these alternatives.

To this goal, three RMSI examples are illustrated in below with details in the Appendix A.1:
	Contents
	Basic RMSI
	Average RMSI
	Rich RMSI

	Cell Selection
	Default
	Explicit
	Explicit

	Cell Access Info
	Single PLMN
	Three PLMN sharing RAN IDs & TAI
	Three PLMNs with independent RAN IDs and TAIs

	OSI Scheduling
	No additional SIBs
	Ten SIBs, five schedules
	Ten SIBs, five schedules, request-based OSI

	Cell Configuration
	Default UL/DL SLIV, CORESET0 shared by common Coresets
	Default UL/DL SLIV; Two additional common Coresets
	Explicit UL/DL SLIV; Four additional common Coresets

	Timers & Constants
	Default
	Explicit
	Explicit

	Access Control
	No AC
	Four ACGs, sharing one BIS
	Ten ACGs, sharing three BIS

	Estimated Size 
(incl CRC)
	272 bits
	949 bits
	1956 bits

	Needed PDSCH REs (MCS 0, single layer)
	1161 REs
	4050 REs
	8346 REs

	Needed PDSCH REs (MCS 3, single layer)
	555 REs
	1936 REs
	3990 REs


Table 1: RMSI Size Illustrations
At the same time, the available REs (excluding DRMS REs), with various PDSCH lengths are as follows:
	Length of PDSCH
	FDM (30 kHz SCS, 28 RBs)
	RM around SSB (30 kHz SCS, 48 RBs)

	4 symbols
	1176
	1176

	5 symbols
	1512
	1632

	12 symbols
	3696
	4416 (assumes two SSB candidates to RM around)


[bookmark: _Ref7776575]Table 2: REs available to RMSI, by time allocation size and multiplexing type
As can be seen from the above two tables:
· Very basic RMSI can be delivered in 4 symbols at MCS0.
· If 5 symbols PDSCH is supported (by using option 2), the number of REs available for RMSI PDSCH increases by around 28%, but does not fundamentally solve the problem of limited RMSI size deliverable.
· By further introducing rate matching of RMSI PDSCH around SSB, more REs can be used for RMSI PDSCH delivery (8% for 5 symbols case and 20% for 12 symbols case). However this still does not fundamentally change the RMSI size limitation. 
· To deliver larger RMSI, most of the improvement comes from using longer PDSCH, at the cost of choosing to send one RMSI per slot.
· By using higher MCS (say MCS3), larger RMSI can be carried, at the cost of needing more soft combining of the RMSI PDSCH to maintain coverage.

[bookmark: DRS1_Obs4symb]Observation 1: 4-symbol allocation can accommodate the most basic RMSI at MCS-0. Supporting large RMSI is possible from a trade-off of sending one SSB per slot. Other enhancements with small improvement on RMSI size supportable are possible with option 2 SSB pattern and/or rate matching RMSI PDSCH around SSB with relatively high spec impact.

The RMSI allocations for Alt-1/2/3 are illustrated in Figure 2, together with the Default-A entries usable for allocation. The labelling of the Default-A table entries follows the table in Appendix A.2.

	Allocated symbols for PDSCH
	Alt-1

	Alt-2
	Alt-3

	4 per half slot
(1-symb CORESET)
	[image: ]
Default A: (14,16)
[image: ]
Default A: (14,16)
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Default A: (14,6a)
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Default A: (14,16)

	4 per half slot
(2-symb CORESET)
	[image: ]
Default A: (14,16)
	[image: ]
Default A: (14,6a)
	
N/A

	5 per half slot
(1-symb CORESET)
	[image: ]
Default A: (5a, New Entry of new Type B)
	[image: ]
Default A: (5a, New Entry of new Type B)
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Default A: (5a, New Entry of new Type B)

	5 per half slot
(2-symb CORESET)
	
N/A
	[image: ]
Default A: (5a, New Entry of new Type B)
	
N/A

	6 per half slot
(1-symb CORESET)
	[image: ] 
Default A: (14, New Entry of new Type B)
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Default A: (14, New Entry of new Type B)
	[image: ]
Default A: (14, New Entry of new Type B)

	7- ,8- , 9-symbol allocations for single RMSI/slot exist in Default A table for all alternatives, are not shown here.

	10
(2-symb CORESET)
	[image: ]
Default A: 2a
	[image: ]
Default A: 2a
	[image: ]
Default A: 2a

	11-symbol allocation for single RMSI/slot exist in Default A table for all alternatives, is not shown here.

	12
(1-symb CORESET)
	[image: ]
Default A: 13
	[image: ]
Default A: 13
	[image: ]
Default A: 13

	12
(2-symb CORESET)
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Default A: 1a
	[image: ]
Default A: 1a
	[image: ]
Default A: 1a

	13
(1-symb CORESET)
	 [image: ]
Default A: 12
	 [image: ]
Default A: 12
	 [image: ]
Default A: 12



[bookmark: _Ref4760616][bookmark: _Ref4759673]Figure 2: time-domain allocations for Alternative 1, 2 and 3

The following two observations regarding half-slot allocations are straight-forward from Figure 2.
[bookmark: DRS2_ObsHalfMux]Observation 2: Multiplexing RMSI PDSCH in half-slot allocations:
· Alt-1 allows up to two symbols at the end of the SSB slot, usable for LBT, PUCCH, Paging, OSI, etc
· Alt-2 only allows one symbol. 
[bookmark: DRS3_ObsLargeHalf]Observation 3: Large half-slot allocations: 5 and 6-symbol allocations require new Type-B allocation lengths.
· 5-symbol allocation with 2-symbol CORESET is possible with Alt-2 
Seeing that the 5-symbol PDSCH/2-symbol PDCCH allocation results in slot being fully utilized for SSB and RMSI (and this precluding further multiplexing in the slot, otherwise a small allocation would have sufficed), the two-symbol CORESET for this is mostly beneficial to increase Type-0 PDCCH coverage, which requires further benefit analysis; for instance, it is not clear that RMSI PDCCH is a coverage bottleneck.
[bookmark: DRS4_ObsFurtherAnalysis]Observation 4: Further analysis is needed to understand the impact of 5-symbol allocation with 2-symbol CORESET, in Alt-2 
As pointed out in Observation 1 and Table 2, half-slot allocations are inadequate to accommodate a variety of RMSI options, and full-slot allocation is required to avoid artificially constraints on NR-U initial access and mobility. While full-slot allocations are only explicitly supported for Alt-3, a gNB implementation could choose to achieve a full slot allocation for Alt-1 and Alt-2 via multiple ways, e.g.:
· skip half-slot SSB transmissions to achieve full-slot allocations (QCL with the first half-slot SSB).
· ensure (with proper support of timing and QCL signaling) that every SSB QCL occurs is broadcast at least once in the first half-slot.
Both above approaches reduce the maximum number of SSB QCL candidates.
[bookmark: DRS5_ObsFullAlloc]Observation 5: Full-slot RMSI PDSCH allocations are essential to NR-U and are:
· Alt-1, Alt-2: achievable by halving the maximum number of SSB QCL candidates.
· Alt-3: explicitly supported
While full-slot RMSI allocation is clearly required, it is beneficial for both RRM and RLM (as well as medium utilization) to continue broadcasting SSB in the second half-slot. At the same time UE must be able to decode RMSI QCL-ed with whichever SSB it detects (first or second half-slot). This can be achieved by allowing for either of Alt-1 and Alt-2 (and Alt-3, in case of 1-symbol CORESET), a configuration where both first and second half-slot SSBs map to a Type0-PDCCH monitoring at the beginning (in the same or consecutive SMTC). gNB can then ensure that full-slot RMSI is broadcast QCL-ed with either (or – in some cases – both) SSB in the slot.
[bookmark: DRS6_PropBothSsbSameType0Pdcch]Proposal 6: To permit full-slot RMSI allocation, without eliminating the second half-slot SSB, RAN1 shall consider an additional configuration to monitor Type-0 PDCCH occasions starting in symbol 0, for both half-slot SSBs, for whichever alternative is selected.
In full slot allocation, Alt-1 and Alt-3 are preferable for similar multiplexing benefits as Alt-1 in Observation 2. In particular, Alt-1 allows this multiplexing benefit without trade-off to RRM/RM (i.e. in the presence of the second half-slot SSB.)
[bookmark: DRS7_ObsFullMux]Observation 7: Multiplexing RMSI PDSCH in full-slot allocations:
· Alt-1 allows up to two symbols at the end of the SSB slot, usable for LBT, PUCCH, Paging, OSI, etc
· Alt-2 only allows one symbol. 
Last, while Alt-3 avoids a 2-symbol CORESET starting in symbol 6, it is not clear whether this offers any significant particular advantages for implementation; it also does so at the expense of disallowing SSB in the second half-slot mapped to with two-symbol Type-0 PDCCH CORESET.
[bookmark: DRS8_ObsAlt123Summary]Observation 8: Alt-1, Alt-2 and Alt-3 offer different advantage:
· Alt 1: offers multiplexing advantage at the end of the DRS slot, smaller spec impact
· Alt 2: symmetric half-slot allocation, at the cost of additional specification impact to Type-B allocation; further analysis needed to understand the need for symmetric allocation.
· Alt-3: similar to Alt 1, with trade-off in configuration flexibility to avoid Type-0 PDCCH in symbol 6.
To summarize the above comparisons, we do not find a need (or even a justification), for adding new Type-B allocation lengths to NR-U, beyond studying these as potential future optimizations. New allocation lengths have significant impact, and should only be considered when they enable new critical features or use cases.
[bookmark: DRS9_PropNewNewTypeb]Proposal 9: Regardless which alternative is chosen, new Type B allocation lengths shall only be considered if absolutely necessary for NR-U initial access.
Furthermore, the allocation robustness and multiplexing benefits achieved by Alt-1 strongly recommend it for NR-U initial access. As a side benefit Alt-1 also has least implementation impact:
[bookmark: DRS9b_PropAlt1]Proposal 10: SSB pattern in a slot should follow Alt-1.
· Alt-1 achieves the best trade-off for RRM/RLM, channel multiplexing, and allocation robustness
In RAN1#96bis, many companies expressed an interest in support for rate matching RMSI PDSCH around SSBs. This aspect merits further discussion in RAN1, to understand impact on stakeholders:
[bookmark: DRSA_OkayRM]Proposal 11: Further study if rate matching of RMSI PDSCH around SSBs is supported.
If rate-matching is considered, channel estimation can be performed in multiples ways, when DMRS overlaps with SSB:
· DMRS sharing between channels
· DMRS shifting to an available symbol
DM-RS sharing among channels is a completely new and needs significant study to determine performance impact, as well as impact on UE implementation architecture. DM-RS shifting is an extension of existing DM-RS shifting for Type-B overlap with CORESET:
[bookmark: DRSB_RmShiftDmrs]Proposal 12: If RAN1 considers rate matching, shifting of DM-RS for channel estimation is preferable, when DM-RS collides with SSB.
2.2	Other signals in DRS COT
In previous meetings, it has been agreed that 
· 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.
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial.

However, for some cases, it may not be as straight-forward as simply multiplexing the signal/channel in the DRS, and some design enhancement may be needed. 
For example, for paging carried in DRS, for small Paging allocations (up to two or four UEs paged at MCS-0, depending on configuration), two symbols can be reserved for paging, when necessary at the end the SSB-containing slot. For this to be possible, the Default SLIV table for paging shall ensure that 2-symbol Type-B allocations are feasible at symbol 12, as illustrated in Figure 3.

Additionally, if more than two UEs are paged, the paging allocations can be performed in slots that immediately follow SSB/RMSI, in the COT that also contains DRS, as illustrated in Figure 4. Allocations to enable this are also needed in the Default SLIV table for paging.
[image: ]
[bookmark: _Ref4759393]Figure 3: Paging in DRS COT – inside DRS slot
[image: ]
[bookmark: _Ref4760224]Figure 4: Paging in DRS COT - additional slot
Another example is CSI-RS. In Rel.15, CSI-RS has to be at least 24 continuous RBs wide at 4RB resolution. When FDM with SSB in the initial BWP of 20 MHz, there is only 48 RBs in the BWP. Without changing CSI-RS design, the SSB has to be located close to the end of the BWP. 
Additionally, P/SP-CSI-RS in Rel.15 is at fixed slot period and slot offset. The position does not change wrt to LBT outcome. A-CSI-RS might be a better choice for the CSI-RS multiplexing with SSBs. However, how to trigger A-CSI-RS might need further study, as there may not be a PUSCH grant in the DRS to carry the triggering. It might be more convenient if we can trigger the A-CSI-RS in a group common fashion.
[bookmark: DRSC_PropCsirsPaging]Proposal 13: Further study the potential enhancement needed for other signal/channels needed to support multiplexing them in DRS, including CSI-RS (TRS), paging PDCCH, paging PDSCH
2.3	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 CRS-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 14: 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 15: 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


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. 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.


Figure 5 PRACH occasions with LBT gaps
[bookmark: rach_1]Proposal 16: 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
In NR, Format A, B, and C are supported which indicate the number of time domain repetitions of the PRACH sequence as well as the length of the cyclic prefix (CP) and the guard period as can be seen in Figure 6.

Figure 6 Short PRACH format in NR
Since, Format C is mainly suited for large cells, it is not required for NR-U applications. The main difference between Format B and Format A is that format B has guard period at the end with a shortened CP. If we introduce symbol level gaps between successive ROs in NR-U, the requirement of two separate formats (A and B) differing in guard period is not clear. Hence, the use case for PRACH format B has to be studied carefully.
[bookmark: rach_2]Observation 17: The need to support both format A and B in addition to supporting LBT gaps is not clear.
[bookmark: rach_3]Proposal 18: Only PRACH Format A is supported for NR-U. 
3.2	PRACH numerology 
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 supported.
[bookmark: PRACH_60kHz][bookmark: rach_4]Proposal 19: Only 15 and 30 kHz SCS will be supported for NR-U PRACH.
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 twice at the both ends of the BW: Legacy NR PRACH sequence of length 139 mapped to 12 contiguous RBs:
a.  {0-11, 39-50} for 30 kHz and
b.  {0-11, 94-105} 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, 13-24, 26-37, 39-50} 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= 607 for 30 kHz SCS
b. L_RA= 1259 for 15 kHz SCS
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 [12]. For case 4 with 30 kHz SCS (L_RA=607), the 64 PRACH sequences are generated using =46, and u = [1 606 2 605 3]. For case 4 with 15 kHz SCS (L_RA= 1259) the 64 PRACH sequences are generated using =55, and u = [1 1258 2]. 
Note that, the 80% BW occupancy OCB constraint is not met in alternative 1, but the constraint is satisfied for alternatives 2-4. 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.4.
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.
The mis-detection probabilities as defined in the agreement are simulated as a function of SNR and plotted in Appendix A.3.
We compare the maximum coupling loss (MCL) metric for all the frequency allocation schemes using SCS = 30 kHz in Table 3. 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. 
[bookmark: _Ref6921352]Table 3 MCL values for different frequency allocation schemes for SCS=30kHz
	Parameter
	Value

	Scheme
	Rel 15, ZC-139
	ZC-139x2
	ZC-139x4
	ZC-607

	SCS
	30
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	139
	139
	607

	# of repetition (R)
	1
	2
	4
	1

	N_cs

	17
	17
	17
	46

	# of RBs used for one RO (N_RB)
	12
	24
	48
	51

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

	RACH frequency occupancy (MHz)
	4.17
	8.34
	16.68
	18.21

	Noise level, Np (dBm)
	-102.8
	-99.8
	-96.8
	-96.4

	SNR (dB)
	-4.81
	-10.33
	-12.52
	-11.99

	P_max (dBm)
	16.2
	19.2
	22.2
	22.6

	Backoff (dB)
	2.34
	3.07
	4.27
	2.34

	P_TX (dBm)
	16.2
	19.2
	18.73
	20.66

	MCL (dB)
	123.8
	129.3
	128.05
	129.05

	N_FDM
	4
	1
	1
	1

	Capacity
	4416
	1104
	1104
	7878




The MCL values for the four frequency allocation schemes using SCS =15 kHz are shown in Table 4.
[bookmark: _Ref6921878]Table 4 MCL values for different frequency allocation schemes for SCS=15 kHz
	Parameter
	Value

	Scheme
	Rel 15, ZC-139
	ZC-139x2
	ZC-139x8
	ZC-1259

	SCS
	15
	15
	15
	15

	PRACH sequence length (L_RA)
	139
	139
	139
	1259

	# of repetition (R)
	1
	2
	4
	1

	N_cs

	17
	17
	17
	55

	# of RBs used for one RO (N_RB)
	12
	24
	96
	105

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

	RACH frequency occupancy (MHz)
	2.085
	4.17
	16.68
	18.885

	Noise level, Np (dBm)
	-105.81
	-102.8
	-96.79
	-96.24

	SNR (dB)
	-4.63
	-10.63
	-14.86
	-15.13

	P_max (dBm)
	13.19
	16.2
	22.22
	22.76

	Backoff (dB)
	2.34
	3.04
	4.29
	2.34

	P_TX (dBm)
	13.19
	16.2
	18.71
	20.66

	MCL (dB)
	123.63
	129.63
	130.36
	132.03

	N_FDM
	8
	1 
	1
	1

	Capacity
	8832
	1104
	1104
	27676




From the simulation results, we make the following observations:
[bookmark: rach_5]Observation 20: Long ZC sequence with contiguous allocation has the maximum capacity for both SCS =15 and 30 kHz.
[bookmark: rach_6]Observation 21: Long ZC sequence with contiguous allocation have lower CM than repeated 139 length ZC sequences even with the application of CM reduction methods.
Observation 22: Long ZC sequence with contiguous allocation is better than repeat by 4 or higher of 139 length sequence that fills the full spectrum and also give the MCL gains.
[bookmark: rach_7]Observation 23: Long ZC sequence with contiguous allocation provides the best MCL value for SCS =15 kHz ZC 139, however for SCS=30 kHz Alt 2 (two repetitions in frequency) gives 0.25 dB better MCL. 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) will have better MCL than Alt 2 (two repetitions in frequency). 
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 24: Long ZC sequence with contiguous frequency allocation should be used for NRU PRACH message 1. Following ZC sequence lengths are supported:
· For 15 kHz: L_RA=1259
· For 30 kHz: L_RA=607.

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: 4-symbol allocation can accommodate the most basic RMSI at MCS-0. Supporting large RMSI is possible from a trade-off of sending one SSB per slot. Other enhancements with small improvement on RMSI size supportable are possible with option 2 SSB pattern and/or rate matching RMSI PDSCH around SSB with relatively high spec impact.
Observation 2: Multiplexing RMSI PDSCH in half-slot allocations:
· Alt-1 allows up to two symbols at the end of the SSB slot, usable for LBT, PUCCH, Paging, OSI, etc
· Alt-2 only allows one symbol. 
Observation 3: Large half-slot allocations: 5 and 6-symbol allocations require new Type-B allocation lengths.
· 5-symbol allocation with 2-symbol CORESET is possible with Alt-2 
Observation 4: Further analysis is needed to understand the impact of 5-symbol allocation with 2-symbol CORESET, in Alt-2 
Observation 5: Full-slot RMSI PDSCH allocations are essential to NR-U and are:
· Alt-1, Alt-2: achievable by halving the maximum number of SSB QCL candidates.
· Alt-3: explicitly supported
Proposal 6: To permit full-slot RMSI allocation, without eliminating the second half-slot SSB, RAN1 shall consider an additional configuration to monitor Type-0 PDCCH occasions starting in symbol 0, for both half-slot SSBs, for whichever alternative is selected.
Observation 7: Multiplexing RMSI PDSCH in full-slot allocations:
· Alt-1 allows up to two symbols at the end of the SSB slot, usable for LBT, PUCCH, Paging, OSI, etc
· Alt-2 only allows one symbol. 
Observation 8: Alt-1, Alt-2 and Alt-3 offer different advantage:
· Alt 1: offers multiplexing advantage at the end of the DRS slot, smaller spec impact
· Alt 2: symmetric half-slot allocation, at the cost of additional specification impact to Type-B allocation; further analysis needed to understand the need for symmetric allocation.
· Alt-3: similar to Alt 1, with trade-off in configuration flexibility to avoid Type-0 PDCCH in symbol 6.
Proposal 9: Regardless which alternative is chosen, new Type B allocation lengths shall only be considered if absolutely necessary for NR-U initial access.
Proposal 10: SSB pattern in a slot should follow Alt-1.
· Alt-1 achieves the best trade-off for RRM/RLM, channel multiplexing, and allocation robustness
Proposal 11: Further study if rate matching of RMSI PDSCH around SSBs is supported.
Proposal 12: If RAN1 considers rate matching, shifting of DM-RS for channel estimation is preferable, when DM-RS collides with SSB.
Proposal 13: Further study the potential enhancement needed for other signal/channels needed to support multiplexing them in DRS, including CSI-RS (TRS), paging PDCCH, paging PDSCH
Observation 14: 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 15: RAN4 should account for the considerations of the above observation, when considering the sync raster point(s) in each 20 MHz channel.
Proposal 16: 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
Observation 17: The need to support both format A and B in addition to supporting LBT gaps is not clear.
Proposal 18: Only PRACH Format A is supported for NR-U. 
Proposal 19: Only 15 and 30 kHz SCS will be supported for NR-U PRACH.
Observation 20: Long ZC sequence with contiguous allocation has the maximum capacity for both SCS =15 and 30 kHz.
Observation 21: Long ZC sequence with contiguous allocation have lower CM than repeated 139 length ZC sequences even with the application of CM reduction methods.
Observation 22: Long ZC sequence with contiguous allocation is better than repeat by 4 or higher of 139 length sequence that fills the full spectrum and also give the MCL gains.
Observation 23: Long ZC sequence with contiguous allocation provides the best MCL value for SCS =15 kHz ZC 139, however for SCS=30 kHz Alt 2 (two repetitions in frequency) gives 0.25 dB better MCL. 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) will have better MCL than Alt 2 (two repetitions in frequency). 
Proposal 24: Long ZC sequence with contiguous frequency allocation should be used for NRU PRACH message 1. Following ZC sequence lengths are supported:
· For 15 kHz: L_RA=1259
· For 30 kHz: L_RA=607.
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[bookmark: _Ref4759954]Appendix 
[bookmark: _Ref4759986]A.1 SIB1 size computation

Illustration for Basic SIB. It can be verified that the bytecode for the following SIB1 configuration occupies 31 bytes. Other SIB sizes are similarly derived:
	value BCCH-DL-SCH-Message ::= 
{
  message --choice value:
    c1 :
      systemInformationBlockType1 : {
        cellSelectionInfo { q-RxLevMin -70  },
        cellAccessRelatedInfo {
          plmn-IdentityList { {
              plmn-IdentityList { {
                  mcc { 0,0,1 },
                  mnc { 0,1 }
              } },
              trackingAreaCode '00000000 00000000 00000001'B,
              cellIdentity '00000000 00000000 00000000 00000000 000 ...'B,
              cellReservedForOperatorUse notReserved
        } } },
        servingCellConfigCommon {
          downlinkConfigCommon {
            frequencyInfoDL {
              frequencyBandList { {
                  freqBandIndicatorNR 1,
                  nr-NS-PmaxList { {
                      additionalSpectrumEmission 0
              } } } },
              offsetToPointA 28,
              scs-SpecificCarrierList { {
                  offsetToCarrier 0,
                  subcarrierSpacing kHz30,
                  carrierBandwidth 51
            } } },
            initialDownlinkBWP {
              genericParameters {
                locationAndBandwidth 12925,
                subcarrierSpacing kHz30
            } },
            bcch-Config {
              modificationPeriodCoeff n16
            },
            pcch-Config {
              defaultPagingCycle rf256,
              nAndPagingFrameOffset
                oneT : NULL,
              ns one
          } },
          ssb-PositionsInBurst {
            inOneGroup '10000000'B
          },
          ssb-PeriodicityServingCell ms20,
          ss-PBCH-BlockPower 0
} } }




A.2 Default-A PDSCH allocation table, with relabelled row indices
The default-A table, modified from 3GPP TS 38.214, Table 5.1.2.1.1-2, with row index re-labelled in the first column for easier reference in Figure 2. 

Table 5: Default A table with labelled row entries
	Row Label (based on Row Index)
	dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L
	Applicability
(HS = half slot)
(FS = full slot)

	1a
1b
	2
	Type A
	0
	2
	12
	Alt-1,2,3 (FS)

	
	3
	Type A
	0
	3
	11
	Alt-1,2,3 (FS)

	2a
2b
	2
	Type A
	0
	2
	10
	Alt-1,2,3 (FS)

	
	3
	Type A
	0
	3
	9
	Alt-1,2,3 (FS)

	3a
3b
	2
	Type A
	0
	2
	9
	Alt-1,2,3 (FS)

	
	3
	Type A
	0
	3
	8
	Alt-1,2,3 (FS)

	4a
4b
	2
	Type A
	0
	2
	7
	Alt-1,2,3 (FS)

	
	3
	Type A
	0
	3
	6
	Alt-1,2,3 (FS)

	5a



5b
	2
	Type A
	0
	2
	5
	Alt-2 (1HS) + need new Type B for 2HS

	
	3
	Type A
	0
	3
	4
	Alt-1,2,3 (1HS)

	6a

6b
	2
	Type B
	0
	9
	4
	Alt-1,2,3 (2HS)

	
	3
	Type B
	0
	10
	4
	Alt-1,2,3 (2HS)

	7a
7b
	2
	Type B
	0
	4
	4
	Alt-1,2,3 (FS)

	
	3
	Type B
	0
	6
	4
	Alt-1,2,3 (FS)

	8
	2,3
	Type B
	0
	5
	7
	Alt-1,2,3 (FS)

	9
	2,3
	Type B
	0
	5
	2
	

	10
	2,3
	Type B
	0
	9
	2
	

	11
	2,3
	Type B
	0
	12
	2
	Alt-1, 3 Paging

	12
	2,3
	Type A
	0
	1
	13
	Alt-1,2,3 (FS)

	13
	2,3
	Type A
	0
	1
	6
	Alt-1,2,3 (1HS) + need new Type B for 2HS

	14
	2,3
	Type A
	0
	2
	4
	Alt-1,2,3 (1HS)

	15
	2,3
	Type B
	0
	4
	7
	Alt-1,2,3 (FS)

	16
	2,3
	Type B
	0
	8
	4
	Alt-1 (2HS)


Note 1: Full-Slot allocation refer to cases where a single PDSCH allocation is feasible in the slot. Salient full-slot allocations (which leave the fewest number of gaps in the slot) are highlighted, others are grayed-out.

A.3 PRACH simulation results
[image: ]
Figure 7: Mis-detection probabilities of different frequency allocation schemes for SCS = 30 kHz
[image: ]
Figure 8 Mis-detection probabilities of different frequency allocation schemes for SCS = 15 kHz
A.4 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 6. Note that the corresponding value for a Rel. 15 ZC 139 length sequence is 2.34 dB.
[bookmark: _Ref6990401]Table 6 CM comparison for 30 kHz SCS
	Methods
	ZC 139x2, 2 repetitions
	ZC 139x4, 4 repetitions

	No PAPR reduction
	4.9
	8.48

	Random scrambling
	3.88
	4.27

	π phase ramp
	3.07
	6.32

	π/2 phase ramp
	3.59
	5.53

	π/4 phase ramp
	3.44
	4.81

	Different sequence
	3.16
	4.94


[bookmark: _GoBack]
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