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Introduction
This paper provides a summary of the papers submitted to 7.2.2.1.1. It also serves as summary for offline discussion on the agenda item.
Previous agreements
DRS
Agreement: 
· 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 for inclusion in specs managed by RAN4 

Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.

Agreement:
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)

Agreement:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U

Agreement:
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

PRACH
RAN1#93


Agreement:
· An interlaced waveform can have benefits in some scenarios including
· Link budget limited cases with given PSD constraint
· As one option to efficiently meet the occupied channel bandwidth requirement. 
· A waveform contiguous in frequency may be adequate in some scenarios
· To inherit legacy contiguous allocation designs.
Note: It is RAN1’s understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied.

RAN1#94 
UL Signals
Agreement:
· 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

initial access and mobility section
Agreement: 
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented

RAN1#95
Frame structure

Agreement:
Adopt the following text proposal for section 7.2.1.2 of the TR
------------------------------------------ Start of Text Proposal ----------------------------------------------
It has been identified that support of different numerology candidates at least has the following specification impacts:
· For PRB-based block-interlace design for 15, 30, and 60 kHz SCS, the following spec impacts have been identified: Number of interlaces and number of PRBs per interlace need to be defined; the resource allocation mechanism needs to be defined; channel estimation aspects need to be considered, such as impact on PRG. In addition to the above impact, for sub-PRB-based block-interlace design for 60 kHz SCS, reference signal design (such as DMRS) needs to be revisited and alternative resource allocation mechanism is needed.
· For NR-U DRS design for 15 and 30 kHz SCS, the SS/PBCH block time domain pattern is already supported in Rel-15. For 60 kHz SCS, there is no SS/PBCH block time domain pattern defined in Rel-15. SS/PBCH block to CORESET configuration tables (38.213 Section 13) need to be defined as well.
· For PRACH design for 15, 30, and 60 kHz SCS, signalling mechanism of RACH configuration indicating PRACH numerology may need modification to support more than two numerologies for PRACH for NR-U.
------------------------------------------- End of Text Proposal ---------------------------------------------

The text proposals in Sections 7.1 and 7.2 of R1-1814137 are endorsed for the TR.
Section 7.2
It has been identified that enhancement of one or more legacy PRACH formats is feasible for NR-U. Four potential design alternatives, including no interlacing, have been identified for the frequency mapping of PRACH sequences for NR-U, where consensus on which one(s) to support for NR-U has not yet been achieved:
· Alt-1: Uniform PRB-level interlace mapping
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to all of  the PRBs of one or more of the interlaces in the PRB-based block interlace structure. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
· It has been identified that a uniform mapping (equal spacing of PRBs) in the frequency domain produces a zero-autocorrelation zone, of which the duration is inversely proportional to the frequency spacing between the PRBs.
· Alt-2: Non-uniform PRB-level interlace mapping 
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to some or all of  the PRBs of one or more of the interlaces in the same PRB-based block interlace structure used for PUSCH/PUCCH. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
· It has been identified that an irregular mapping (non-equal spacing of PRBs/REs) in the frequency domain reduces the false peaks in the PRACH preamble auto-correlation function.
· Alt-3: Uniform RE-level interlace mapping 
· In this approach, a PRACH sequence for a particular PRACH occasion consists of a “comb-like” mapping in the frequency domain with equal spacing between all used REs. Different PRACH occasions are defined by way of different comb offsets.
· Since this approach does not fit with the common PUSCH/PUCCH interlace structure, one source suggests that only TDM multiplexing of PUSCH/PUCCH and PRACH should be supported. Another source suggests that puncturing/rate matching PUSCH/PUCCH around the used PRACH REs may be used. 
· Alt-4: Non-interlaced mapping 
· In this approach, a PRACH sequence for a particular PRACH occasion is mapped to a number of contiguous PRBs, same or similar to NR Rel-15.
· Some sources propose that to fulfill the minimum OCB requirement, that the PRACH sequence is mapped to a set of contiguous PRBs, and the PRACH sequence mapping is repeated across the frequency domain, potentially with guard RE(s)/PRB(s) between repetitions. For each repetition, a different cyclic shift or different base sequence may or may not be applied.

It has been identified that the long PRACH sequence length defined in NR Rel-15 (L = 839) is not beneficial for NR-U, since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment. However, when it comes to shorter sequence lengths, some sources propose reusing the short sequence length (L = 139) defined in NR-Rel-15, whereas other sources propose defining new sequence lengths depending on which of the 4 alternatives above is supported.
It has been identified that the following common design attributes need to be considered in the detailed design of an interlaced PRACH waveform for 4-step random access for NR-U when specifications are developed:
· Multiplexing of PRACH and PUSCH/PUCCH, considering block interlaced structure used for PUSCH/PUCCH, e.g.,
· FDM
· TDM
· Supported PRACH sequence and PRACH sequence length(s)
· PRACH capacity
· Number of PRACH preambles per cell
· Number of root sequences
· Number of cyclic shifts
· Number of PRACH occasions
· Maximum supported Tx power
· PAPR/CM
· Number of PRACH formats
· Simulation assumptions for evaluation of performance, e.g.,
· Single vs. multi-cell assumptions
· Performance metrics
· Timing estimation error
· Miss-detection probability
· False-detection probability
· False-alarm probability

RAN1#AH-1901

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



RAN1#96
Agreement: 

For PRACH proposal comparison, the following metrics are to be provided
· Noise power Np = -174+10*log10(L_RA*SCS)+NF  dBm, with NF=5dB and SCS is in Hz.
· SNR actual corresponds to 1% miss detection probability read from the simulation curve
· P_TX is computed as follows
· Assume 23dBm max power when transmitting legacy PRACH waveform with ZC139
· P_max is the allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme
· P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff
· Backoff is computed as 95% percentile of CCDF of cubic metric over the preambles in the RO
· MCL = P_TX-SNR-Np;
· Number of interlace used for each RO is how many uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) an RO occupies
· For continuous PRACH design, as the RO occupies some RBs from each interlace, “Partial” is marked in the column.
· N_FDM = Number of FDM RACH occasions within 20MHz
· PRACH capacity, with all RO in 20MHz assigned.
	Parameter
	Value
	Notes

	Scheme
	
	Eg. Alt4-ZC139x2

	SCS
	
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	
	Eg. 139, 

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

	N_cs

	
	Eg. 11

	# of RBs used for one RO (N_RB)
	
	# of RBs with PRACH tone assigned. 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 span (MHz)
	
	The actually used bandwidth with one RO, SCS*L_RA*M

	Noise level, Np (dBm)
	
	Np= -174+10*log10(SCS*L_RA*M)+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

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

	MCS (dB)
	
	MCL = P_TX-SNR-Np

	N_FDM
	
	# of ROs in 20MHz

	Capacity
	
	Across all ROs in 20MHz

	
	
	


RAN1#96 Bis

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

Discussions
DRS
[bookmark: _Ref5288017]SS/PBCH block transmission pattern within a slot
The following agreement was made in RAN1#96bis:
	Agreement:
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



Amongst the relevant contributions[footnoteRef:2], the following options are supported: [2:  Contributions are labelled by the first author] 

· Legacy SSB positions in a slot (13 companies)
· Alt-1 (9 companies): Vivo, CATT, Spreadtrum, Xiaomi, LG Electronics, Sharp, Qualcomm, WILUS, Ericsson
· Alt-3 (6 companies): Panasonic, Vivo, NTT DOCOMO, NEC, Sony, WILUS
· New SSB positions in a slot (11 companies)
· Alt-2: ZTE, Huawei, CATT, OPPO, MediaTek, Nokia, Intel, Sony, Samsung, ETRI, AT&T
Note that some companies support multiple options (conditionally, or simultaneously).

	Company Name
	Position

	ZTE, Sanechips
	Proposal 1: The new pattern of SS/PBCH block is preferred for NR-U, i.e. two SS/PBCH blocks are located in symbols (2, 3, 4, 5) and (9, 10, 11, 12) in a slot respectively.
Proposal 3: RAN1 should support Alt 2 (new SSB positions in a slot) among the candidates in RAN1#96bis agreements:
· 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

	Huawei, HiSilicon
	Proposal 1: Alternative 2 shall be supported as SSB pattern in NR-U
· 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 and symbol (#7) for length-1 CORESET 0 for the second SSB in a slot

	Panasonic Corporation
	Proposal 1: Support 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

	Vivo
	Proposal 1: NR-U supports legacy SSB pattern (i.e. Alt.1 or Alt.3), i.e. at symbols (2,3,4,5) and (8,9,10,11) in the slot as NR Rel15.

	NTT DOCOMO, INC.
	Proposal 1: For SS/PBCH block time domain transmission pattern within a slot, SS/PBCH blocks are located at symbols (2,3,4,5) and (8,9,10,11) in the 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


	CATT
	Proposal 1: Either of Alt.1 and Alt. 2 for SSB patterns and the CORESET#0 allocation can be adopted for NR-U. We slightly prefer Alt.1 due to it provides more flexibility for the network to place the CORESET#0 when the duration of the CORESET#0 is only one OFDM symbol.


	Spreadtrum Communications
	Proposal 1: Alt-1 for SSB pattern and Type0-PDCCH can be supported.

	NEC
	Proposal 2: For SSB position, Alt 3 is proposed.

	OPPO
	Proposal 1: Alt.2 could be considered to support 2 symbols RMSI CORESET in NR-U, i.e. the 2nd candidate SSB position within a slot starts at symbol #9.

	MediaTek Inc.
	Proposal 1: Support SS/PBCH blocks to be located symbols (2, 3, 4, 5) and (9, 10, 11, 12) in a slot for NR-U. In other words, support Alt2 for SSB positions in a slot.

	Beijing Xiaomi Mobile Software
	Proposal 1:  Adopt Alt1, in which CORESET#0 symbol is configurable between #6 and #7 when CORESET#0 symbol is one, or Alt3, which is a compromise for the NR-U SSB pattern design.

	Nokia, Nokia Shanghai Bell
	Observation 3: Alt 3 does not support similar coverage for the first and second DRS within a slot. 
Proposal 5: Support 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.

	LG Electronics
	Proposal #1: For NR-U, the following alternative is adopted for SS/PBCH time pattern and Type0-PDCCH.
· 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
· Support configurability between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot

	Intel Corporation
	Proposal-1: Consider Alt-2 for new SSB positions in a slot. SSB symbols 2, 3, 4, 5 and 9, 10, 11, 12 in a slot 


	Sony
	Observation 1: The SSB position and Type0-PDCCH design should be carefully considered taking real deployments into account.
Proposal 1: Alt 3 should be supported if optimization for 2 symbol CORESET#0 is not considered important.  Alt 2 should be supported if optimization for 2 symbol CORESET#0 needs to be considered.
· 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

	Samsung
	Observation 1: SS/PBCH block pattern Option 2 has better coding rate than Option 1. 
Observation 2: Alt 1 cannot support half-slot based operation and introduces different UE behaviour from NR Rel-15 in initial access procedure.  
Observation 3: There is no need to change type B PDSCH design, regardless of which alternative is supported.
Observation 4: There is no need to support short PUCCH in DRS burst. 
Observation 5: There is no issue for RO for all the alternatives. 
Proposal 1: For NR-U DRS, Alt 2 shall be supported.

	ETRI
	Proposal 1: Support Alt 2 for DRS design in NR-U.

	AT&T
	Observation 1: It is not clear whether such a thing as a “half slot based implementation” exists in Rel. 15 as all UEs have to support any OFDM symbol as starting position for the monitoring occasions of type 1 CSS without dedicated RRC configuration as well as for type 0, 0A, and 2 CSSs.
Observation 2: As to whether Alternative 2 offers improved RMSI decoding performance depends on other decisions in other NR-U agenda items.
Observation 3: A clear separation of the DL signals and channels pertinent to the initial access procedure into two non-overlapping half slots benefits future deployments and standardization efforts to introduce NR-U into higher frequency ranges in FR2 and even beyond 52.6 GHz where beam sweeping of initial access signals and channels is crucial for coverage and overall feasibility.
Proposal 1: RAN1 should seriously consider Alternative 2 as the NR-U design in Rel. 16 for NR-U, especially if new PDSCH lengths for PDSCH mapping type B are to be introduced in Rel. 16


	Sharp
	Observation: Coverage for SIB1 can be improved by UE soft combining of SIB1 PDSCH transmission within the SIB1 TTI.
Proposal 1: SS/PBCH block position is at legacy position.
Proposal 4: Take Alt.1 for NR Rel-16.

	Qualcomm Incorporated
	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 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 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

	WILUS Inc.
	Proposal 1: It seems beneficial to consider additional characteristics for the design of NR-U DRS containing at least SS/PBCH block burst set transmission as follows:
o  At least 1 symbol LBT gap between slots including NR-U DRS transmission to perform Cat-2 LBT with 25us
o  To set an LBT gap within a slot for PDCCH/PDSCH transmission at the slot boundary 
o To allow consecutive transmission within a slot not to allow the medium by other coexistence device irrespective of within a beam or between different beams 
Proposal 2: We support Alt-1 or Alt-3 to reuse NR Rel-15 SS/PBCH block transmission pattern for 15kHz/ 30kHz SCS.


	Ericsson
	Proposal 2: Adopt Alt 1 for SSB and Type0-PDCCH positions. Include this agreement in an LS to RAN4 along with the prior agreement on UE assumption of 30 kHz SCS for SS/PBCH blocks. A draft LS to RAN4 is contained in [R1-1907462].



In terms of legacy vs new SSB positions, the support is somewhat evenly split, with a slight preference for legacy positions (13 vs 11 companies). 
In terms of actual alternatives, the support is also somewhat split between Alt-1 (legacy positions) and Alt-2 (new positions), with a slight preference for new positions (Alt-2)

Discussion: 
To further compare the options, companies have brought out the following aspects to further consider:
· Impact on SIB1 capacity and range (RMSI Coding rate optimization)
· All alternatives need full-slot RMSI allocation to support the most diverse RMSI configurations
· There is a narrow range of RMSI configurations, with two half-slot DRS broadcast in 2-symbol CORESET configuration, where:
· Alt-2 a higher RMSI coding rate/capacity;
· A 5-symbol PDSCH Type-B allocation must be introduced, if an LBT gap is needed at the end of the DRS slot.
· Alt-1/3 would require full-slot allocation to achieve that range of RMSI configurations.
· Caveat 1: the need for 2-symbol CORESET for NR-U range is questionable.
· Caveat 2: there is no multiplexing benefit (e.g. Paging/OSI) from a 2-symbol CORESET in this narrow use case, since single-symbol PDSCH is not possible.
· CSI-RS multiplexing 
· Alt-1/3 allow multiplexing full 20MHz bandwidth CSI-RS at the last 2 symbols, and support 2 symbol CSI-RS resource
· Alt-2: may have some 1 symbol CSI-RS at symbol 6 and symbol 13
· LBT
· Alt-1/3 may use symbols 12/13 for LBT cat-4 at the end of the DRS slot (e.g. for the next slot).
· Alt-2/3 may use symbol 6 as an LBT gap for the 2nd SSB transmission (with RMSI)
· Alt-1 is not optimized for this case.
· TDM multiplexing: Alt-1/3 affords multiplexing of other channels/LBT in symbols 12, 13 of the DRS slot, when both SSBs are transmitted:
· Short PUCCH (e.g. to ACK/NACK DL-SCH mux-ed with non-stand-alone DRS)
· Paging/OSI in the DRS (no 1-symbol PDSCH allocation possible for Alt-2)
· 2-symbol coreset support for odd SSB in a slot
· Alt 1/2 supports 2-symbol coreset for the odd SSB in a slot
· [bookmark: _GoBack]Alt 3 does not support 2-symbol coreset for the odd SSB in a slot
FL Proposal:
· Discuss more and strive to make a decision in this meeting
SSB Transmission Candidates Opportunities, Repetition, and Timing Derivation
For NR, the initial access UE’s assume the SSB transmission period is 20ms. There are proposals to slow it down in NR-U to at least 40ms, matching the behaviour of DRS transmission in LTE-LAA.

	Agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission

Agreement:
The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.

Agreement: 
For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows.

Agreement:
UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).



DRS transmission window(s): this is the (set of) interval(s) where the pattern of SSB candidates is realized. 
· Maximum length of actual DRS transmission:
· ZTE, Ericsson: ≤ 1 ms preferable
· Periodicity:
· ZTE: ≤ 20 ms(minimum value of periods can be configured as 20ms or even lower) 
· Vivo, CATT: 40 ms (Vivo: also 80, 160)
· Configuration:
· Depending on DRS LBT type (cat-2 vs cat-4): Nokia

PBCH broadcast:
· Index of DRS beyond PBCH DMRS: CATT
· Q-factor: Xiaomi

Timing derivation from DRS:
· DMRS of PBCH carries up to 3 bits. Additional bits for timing acquisition should be carried by PBCH payload.
· Sony, CATT

This topic is to be further discussed in 7.2.2.2.2. 


	Company Name
	Position

	ZTE, Sanechips
	Proposal 7: The minimum value of periods for DRS transmission window can be configured as 20 ms or even lower. 
Proposal 8: DRS duration within the DRS transmission window is determined depending on some aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switch. Preferably, DRS duration is less than or equal to 1ms.

	Vivo
	Proposal 5: NR-U supports flexible configuration of DRS period (e.g. {40ms, 80ms, 160ms}) and DRS window duration (e.g. {1ms, 2ms, 3ms, 4ms, 5ms}).

	CATT
	Proposal 2：The default transmission periodicity of the DRS (SSB) can be defined as 40ms for initial access.
Proposal 3：The index of the DRS (SSB) can be indicated in a similar way as NR FR2, i.e., 3 LSBs of the index are carried in PBCH DMRS and the rest of the bits are included in the PBCH.

	Beijing Xiaomi Mobile Software
	Proposal 3:  NR-U support the indication of Q factor in PBCH for CORESET#0 monitoring, yet not all Q factors need for indication.

	Nokia, Nokia Shanghai Bell
	Proposal 8: To support DRS transmissions not meeting the criteria for SCS (5% duty cycle, 1 ms duration), consider splitting DRS into two configurations, where the first DRS configuration uses Cat 2 LBT, and the second DRS configuration uses Cat 4 LBT. Exact interaction between the two configurations is FFS. 

	Sony
	Proposal 2: DMRS sequence of PBCH in DRS should not be changed from Rel-15 NR.
· DMRS sequence of PBCH carries up to 3 bits.

	Ericsson
	Observation 2	In order to use Cat2 LBT, the duration of the DRS should be less than 1 ms; hence, the maximum number of transmitted SS/PBCH blocks X within the DRS depends on the sub-carrier spacing. For 30 or 15 kHz SCS, X = 4 or 2 results in a DRS duration less than 1 ms, respectively. When Cat4 LTB is used, X = L = 8 can also be supported.



This topic is to be further discussed in 7.2.2.2.2. 

How to satisfy OCB requirement during SSB transmission
SS/PBCH block transmission itself will not satisfy the OCB requirement. Currently we agreed to allow other signals/channels to be multiplexed with SSB transmission, including RMSI PDSCH, CSI-RS, other PDSCH, etc. 
	Agreement: 
· 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.

Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.

Agreement:
· 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.



On FD SSB repetition for OCB:
· Should consider: ZTE
· Not needed: NTT DOCOMO, Nokia, Intel

On RMSI broadcast for NSA DRS:
· Should support: AT&T

On CSI-RS multiplexing, a few companies bring up issues to further discuss
· Interaction between CSI-RS and LBT: Spreadtrum, Qualcomm
· Multiplexing of CSI-RS and SSB: Spreadtrum, Qualcomm
· Rate-Matching RMSI around SSB: Spreadtrum

	Company Name
	Position

	ZTE, Sanechips
	Proposal 6: To meet OCB regulation requirements, the following methods can be considered:
· Alt-1: Repeat the SS/PBCH transmission in frequency domain
· Alt-2: SS/PBCH block and CSI-RS multiplexed in frequency domain
· Alt-3: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain
· Alt-4: via implementation (e.g. scheduling)

	Vivo
	Proposal 2: NR-U supports RMSI and/or CSI-RS is FDM with SSB in SA/DC/CA mode to meet OCB requirements.

	NTT DOCOMO, INC.
	Observation 1: Frequency domain repetition of SS/PBCH block would not have an essential necessity for NR-U.

	Spreadtrum Communications
	Proposal 5: Standardization impact of CSI-RS for CSI acquisition and channel tracking within DRS should be considered:
· LBT impact to CSI-RS configuration;
· Rate matching around CSI-RS for idle-mode UE.
· Multiplexing between SSB and CSI-RS.

	Nokia, Nokia Shanghai Bell
	Proposal 6: Do not support frequency domain repetition for SSB because of OCB requirement within a 20MHz sub-band. The requirement can be fulfilled via gNB scheduling by multiplexing other DL signals/channels like RMSI, CSI-RS, DMRS, GC-PDCCH etc. with SSB. 

	Intel Corporation
	Proposal-2: From initial access point of view it is pre-mature to introduce multiple SSB locations in frequency with repetition

	AT&T
	Proposal 2: The NR-U DL signal and channel design for initial access shall ensure transmission of RMSI on SCells is feasible.



On CSI-RS multiplexing with SSB in DRS, for OCB purposes, the following two options are possible for RAN1:
· Alt-1: RAN1 should specify the puncturing behaviour on REs assigned to both CSI-RS and SSB
· Alt-2: SSB synchronization raster should be limited to one side of the 20 MHz band (Ericsson, Qualcomm), thus avoiding the need to specify puncturing behaviour.

Discussion: 
· Further discuss how to multiplex CSI-RS in DRS
· If CSI-RS puncturing around SSB is necessary for NR-U, or it is enough to reuse Rel.15 NR CSI-RS frequency domain allocation (continuous RB allocation, with unit of 4 RBs from point A, and at least 24RBs)
· Further discuss if TRS can be multiplexed with SSB in DRS

On CSI-RS interaction with LBT: this is a relatively new discussion. Aperiodic CSI-RS appears a more appropriate starting point for this discussion.

Discussion: 
· Further discuss what type of CSI-RS (P/SP/A-CSI-RS) is better fit to be multiplexed in DRS and if design enhancements are needed
· Eg. How to handle flexible DRS transmission starting position for P/SP-CSI-RS
· Eg. How to indicate the transmission of A-CSI-RS

On OCB when RMSI is not needed:
· there is little support for specifying FD repetition of SSB.

On broadcasting RMSI in NSA case:
· it was clarified in RAN1#96bis that proponents are mainly interested in the PLMN information in the RMSI
· further proposed discussion:
· is this information mainly for SON ANR?
· is there any benefit to Idle/Inactive UE? E.g. cell barring is already possible in Rel-15, to avoid (re)selection to NSA cells.

[bookmark: _Ref5309702]Type0-PDCCH monitoring

	Agreement:
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)

Agreement:
· 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.

Agreement:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U




	Company Name
	Position

	ZTE, Sanechips
	Proposal 2: For NR-U, only configuration parameter  = 0 or  = 5, and  = 1/2 in Table 13-11 in 3GPP TS 38.213 should be supported to let SS/PBCH block and corresponding Type-0 PDCCH in the same slot. Wherein, first symbol index for starting monitoring Type-0 PDCCH should be changed from “{0, if   is even}, { ,（=1,2,3） if   is odd}” to  “{0, if   is even}, {7, if   is odd}”.

Proposal 3: RAN1 should support Alt 2 (new SSB positions in a slot) among the candidates in RAN1#96bis agreements:
· 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

	Huawei, HiSilicon
	Proposal 1: Alternative 2 shall be supported as SSB pattern in NR-U
· 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 and symbol (#7) for length-1 CORESET 0 for the second SSB in a slot

	Vivo
	Proposal 3: For NR-U, DRS includes one or more DRS units where each one comprises of at least one SSB, RMSI-CORESET+RMSI PDSCH in the same direction (omni or one beamforming direction).
Proposal 4: NR-U supports flexible configuration for time domain length of DRS unit, e.g. between 7 symbols and 14 symbols.
Proposal 6: The Type0-PDCCH candidates associated with an SSB should be confined within a slot carrying the associated SSB and the Type0-PDCCH common search space configuration should be re-designed with more NRU related information conveyed.

	NTT DOCOMO, INC.
	Proposal 1: For SS/PBCH block time domain transmission pattern within a slot, SS/PBCH blocks are located at symbols (2,3,4,5) and (8,9,10,11) in the 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

Proposal 2: For NR-U, a UE monitors PDCCH in the Type0-PDCCH CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of SS/PBCH block. Only the following configuration for Type0-PDCCH monitoring occasion is supported.
	Index
	PDCCH monitoring occasions (SFN and slot number)
	First symbol index

	0
	


 
	

{0, if  is even}, {7, if  is odd}



Proposal 3: For NR-U, following information are provided in MIB e.g., by using 4 LSBs of pdcch-ConfigSIB1.
· DRS unit size, i.e., whether DRS unit size is one-slot or a half-slot
· The number of actually transmitted SS/PBCH blocks (i.e., DRS units) within a DRS burst, i.e., {1, 2, 3, …, 8}


	CATT
	Proposal 5: For simplicity, NR-U may consider supporting the configuration of one RMSI CORESET per CCA sub-band. The RMSI CORESET bandwidth is constraint within the CCA sub-band.

	Spreadtrum Communications
	Proposal 2: Starting symbol of Type0-PDCCH associated with the second SSB needs to be defined to support slot-based Type0-PDCCH for the following cases:
· M=1 and two SSBs are associated with the same Type0-PDCCH in a slot;
· M=1/2 and two SSBs are associated with the two Type0-PDCCH in a slot.

	MediaTek Inc.
	Proposal 2: Similar to NR, NR-U supports that both CORESET and search space configurations for Type-0 PDCCH to be carried by PBCH and RMSI can be transmitted in different slots than its corresponding SS/PBCH block.

	Nokia, Nokia Shanghai Bell
	Proposal 3: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions).
Proposal 4: NR-U supports both half-slot and full-slot DRS durations with transmitted RMSI.

	LG Electronics
	Proposal #1: For NR-U, the following alternative is adopted for SS/PBCH time pattern and Type0-PDCCH.
· 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
Support configurability between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot

	Intel Corporation
	Proposal-3: Consider Type 0 PDCCH monitoring to be configurable with 1 slot (same slot as SSB) or 2 consecutive slots (as in Rel-15).

	Sony
	Observation 1: The SSB position and Type0-PDCCH design should be carefully considered taking real deployments into account.
Proposal 1: Alt 3 should be supported if optimization for 2 symbol CORESET#0 is not considered important.  Alt 2 should be supported if optimization for 2 symbol CORESET#0 needs to be considered.
· 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

	Sony
	Proposal 3: The Type0-PDCCH candidates associated with an SSB should be confined within a slot carrying the associated SSB (with the same QCL assumptions)

	Samsung
	Proposal 2: For NR-U DRS,
• a UE assumes the periodicity of NR-U DRS transmission is the same as the periodicity of SS/PBCH block;
• a UE monitors PDCCH in the Type0-PDCCH CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of the associated SS/PBCH block;
• the slot index for monitoring PDCCH in the Type0-PDCCH CSS set is the same as the one containing the associated SS/PBCH block.
Proposal 3: NR-U DRS shall support the following configurations of Type0-PDCCH CSS:
	Configuration index
	Number of symbols for CORESET#0
	Number of Type0-PDCCH CSS within a slot
	Starting symbol for Type0-PDCCH CSS

	1
	1
	1
	0

	2
	1
	2
	0 if SS/PBCH block index is even, and 1 if SS/PBCH block index is odd

	3
	1
	2
	0 if SS/PBCH block index is even, and 7 if SS/PBCH block index is odd

	4
	2
	1
	0

	5
	2
	2
	0 if SS/PBCH block index is even, and 7 if SS/PBCH block index is odd




	ETRI
	Proposal 3: For Type0-PDCCH monitoring occasion,
· In case of 1 symbol-CORESET, additionally {#1} and {#8} can be set as the starting symbol of Type0-PDCCH of the first and second SSB respectively.

	AT&T
	Proposal 2: The NR-U DL signal and channel design for initial access shall ensure transmission of RMSI on SCells is feasible.

	Qualcomm Incorporated
	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.



Pretty much all companies agree that new Type0-PDCCH mapping is needed for NR-U, at least procedurally, possibly also in terms of Resource Indication.

We understand the agreement above to support the following monitoring of Type0-PDCCH:
· At least monitoring position in the slot of QCL-ed SSB; this maps – at least – from the first SSB in the slot
· One additional possible position in the slot of the QCL-ed SSB, to map from the second SSB in the slot.

Number of monitored slots: Most companies consider SSB is multiplexed with a QCL Type0-PDCCH occasion in the same slot. Two companies proposed to allow monitored slots per SSB (for RMSI robustness & capacity benefits):
· SSB slot + subsequent slot: Intel
· Type-0 PDCCH can be monitored in different slots than SSB: MediaTek

On symbol placement of the up-to-two Type-0 CORESETs, the opinions are correlated with the company position on the SSB configuration (see section 3.1.1), so we don’t summarize these here.

Resource Indication Table Impact: Depending on the outcome, it is understood that changes will be needed to at least one of mapping tables and procedure. 
ZTE noted the need to support different offsets (O=0, respectively O=5) for SSBs in the first and second half-frame. Further discussion points:
· Are SSBs candidates supported in the second half-frame? (note agreement from RAN1#96bis: “DRS transmission window duration is 5 ms.”)
· If yes, PBCH candidates may have different content (impacting soft-combining) between the first and second half-frames, unless the difference is captured in the 38.213 RI table.
· NTT DOCOMO proposes an alternative where the same RI can be used for both first & second half-frame SSBs.

FL Proposal: 
· Further discuss the exact placement of Type0-PDCCH together with or after the decision on SSB positions within a slot (Alt-1/2/3, as in section 3.1.1)

Single Type-0 PDCCH monitoring occasion per slot: Currently, for Alt-1/2/3, the number of type-0 PDCCH monitoring occasions per slot is similar to the number of supported SSBs per slot. A few companies propose to allow a configuration where both SSBs map to the same (single) type-0 PDCCH occasion in the slot:
· Spreadtrum, Qualcomm, MediaTek? (given support for Rel-15 RI configurations)


FL Proposal:
· NR-U supports at least configuring the Type0-PDCCH candidates associated with an SSB confined within a slot carrying the associated SSB (with the same QCL assumptions)
· [Depending on the discussion in the initial access procedure agenda item] NR-U UE also monitors Type0-PDCCH in a slot where a QCL’ed SSB can be transmitted
· FFS: how UE knows about QCL’ed SSB positions (e.g. indicated by the Q factor in PBCH)
· FFS: Additional locations the Type0-PDCCH candidates associated with a QCL’ed SSB
· FFS: Two SSBs, single Type-0 PDCCH monitoring occasion per slot.



PDSCH resource allocation in DRS
In Rel-15, PDSCH allocations for Type-0 PDCCH cannot rate-match around SSBs (c.f. 3GPP TS 38.214, section 5.1.4): “When receiving the PDSCH scheduled with SI-RNTI in PDCCH Type0 common search space, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.”

Furthermore, Type-1 allocation (for RMSI) in Rel-15 only allows contiguous PDSCH PRBs.

	Company Name
	Position

	ZTE, Sanechips
	Proposal 4: For NR-U, RMSI PDSCH should be able to be rate matched around SS/PBCH blocks in DRS occasion. The assumption for RMSI PDSCH and SS/PBCH blocks in 3GPP TS 38.214 should be revisited.
Proposal 5: For NR-U, additional combinations of the start symbol S and the allocation length L can be supported in default PDSCH SLIV table as follows, assuming SSB located in symbols {2, 3, 4, 5} and {9, 10, 11, 12} with Alt 2:
· Case 0 (based on half-slot structure, and no gap in a slot): {S=8, L=6},  {S=9, L=5}
· Case 1(based on half-slot structure, and a gap at last symbol in every half slot for LBT): {S=1, L=5},  {S=8, L=5}
· Case 2(based on half-slot structure, and a gap at last symbol in every slot for LBT): {S=8, L=5}
· Case 3(based on slot structure, and no gap in a slot):already supported
· Case 4(based on slot structure, and a gap at the last symbol in every slot for LBT): {S=1, L=12}, {S=2, L=11}

	Huawei, HiSilicon
	Proposal 2: NR-U shall support that PDSCH scheduled by Type-0 PDCCH can rate-match around the corresponding SSBs as it facilitates DRS transmission.
Proposal 3: A combination of RMSI PDSCH DMRS and reference signal in SSB could be used for channel estimation in the initial BWP.

	Vivo
	Proposal 4: NR-U supports flexible configuration for time domain length of DRS unit, e.g. between 7 symbols and 14 symbols.
Proposal 7: NR-U UEs shall assume RMSI is rate matched around SSB, i.e. REs scheduled for the RMSI PDSCH reception and overlapping with SSB transmission are not used.
Proposal 8: NR-U UEs shall consider RMSI is rate matched around CSI-RS based on configuration or predefined pattern, i.e. REs scheduled for the RMSI PDSCH reception and overlapping with CSI-RS transmission are not used.
Proposal 9: The default time domain resource allocation table for RMSI scheduling should be updated to favour NRU DRS transmission, e.g. including Type B allocation for symbol #8-13.

	NTT DOCOMO, INC.
	Proposal 4: For NR-U, the new RMSI PDSCH time domain resource allocation table is defined with at least following configurations.
· Existing configurations of Row index {1, 2, 12, 13, 14, 16}
· New configurations with {S,L}={8,6}, {1,12}, {2,11}
Proposal 5: For NR-U, the UE rate matching behaviour around candidate SS/PBCH block transmission resources for receiving RMSI PDSCH is defined.
· If the scheduled RMSI PDSCH resource collides with candidate SS/PBCH block transmission resource except for the resource of SS/PBCH block associated with the scheduled RMSI, UE assumes that PDSCH is transmitted on the resource (i.e., SS/PBCH block is not transmitted on the resource).

	CATT
	Proposal 4: NR-U may consider using the RM of the PDSCH scheduling around the SSB within the DRS transmission duration for meeting OCB requirement, and the gNB scheduler can make the scheduling decision to satisfy OCB requirement, such as multiplexing with PDCCH, PDSCH, CSI-RS.

	Spreadtrum Communications
	Proposal 3: RMSI PDSCH rate matching around SSB can be supported, and paging/OSI PDSCH rate matching around SSB can be supported, if paging/OSI PDSCH is inside DRS. 
Proposal 4: Regarding handling of RMSI PDSCH DMRS collision, the following options can be considered:
· Option-1: Fixing RMSI CORESET offset relative to SSB as about 0.
· Option-2: “Frequency-region level rate matching”, i.e. UE may assume the all symbols in the RBs overlapping with the frequency region of SSB is not used in resource mapping.
Proposal 5: Standardization impact of CSI-RS for CSI acquisition and channel tracking within DRS should be considered:
· LBT impact to CSI-RS configuration;
· Rate matching around CSI-RS for idle-mode UE.
· Multiplexing between SSB and CSI-RS.

	OPPO
	Proposal 2: Rate matching of RMSI-PDSCH over SSBs should be considered in NR-U.
Proposal 3: DMRS sharing among channels within DRS should be considered in NR-U.

	Beijing Xiaomi Mobile Software
	Proposal 2:  Rate-Match of RMSI-PDSCH over SSB should be supported in NR-U.

	Nokia, Nokia Shanghai Bell
	Proposal 1: Support rate matching around SSB(s) for PDSCH scheduled with SI-RNTI within a DRS signal.
Observation 1: Wideband DMRS of CORESET#0 PDCCH could be used for channel estimation to receive RMSI-PDSCH.
Observation 2: CORESET#0 PDCCH DMRS could be allocated upon bandwidth of RMSI-PDSCH which may be larger than bandwidth of CORESET#0 (e.g. 51 vs 48 with 30 kHz SCS). 
Proposal 2: At least within DRS, CORESET#0 PDCCH DMRS span over entire sub-band.
Proposal 4: NR-U supports both half-slot and full-slot DRS durations with transmitted RMSI.

	Nokia, Nokia Shanghai Bell
	Proposal 7: For NR-U introduce new RMSI-PDSCH allocation Table, which supports at least the following new starting symbol S and length L value pairs:
•	S = 1, L = 5 (one symbol for LBT gap in the end of DRS; new Type B)
•	S = 1, L = 12 (one symbol for LBT gap in the end of DRS, new Type A)
•	S = 2, L = 11 (one symbol for LBT gap in the end of DRS; new Type A)
•	S = 8, L = 6 (new Type B)
•	S = 8, L = 5 (one symbol LBT gap in the end of DRS; new Type B)
•	S = 9, L = 5 (new Type B)

	LG Electronics
	Proposal #2: Consider following options for a UE to recognize rate-matching pattern for RMSI PDSCH around SS/PBCH in the same slot and Option 2 is preferred since it does not require any additional signalling overhead.
· Option 1: Dynamic indication of rate-matching information for RMSI PDSCH (e.g., via PBCH, RMSI PDCCH)
· Option 2: Implicit indication of rate-matching information for RMSI PDSCH
· If RMSI PDSCH resource is overlapped with the resource for associated SS/PBCH block, UE assumes that the SS/PBCH block is transmitted. If RMSI PDSCH resource is overlapped with the resource for not associated SS/PBCH block, UE assumes that the SS/PBCH block is not transmitted.
Proposal #3: For NR-U, consider to change some of entries in the default table for the time domain resource allocation for RMSI PDSCH. Details on the change can be discussed after determining SS/PBCH time pattern and Type0-PDCCH monitoring occasion.

	Intel Corporation
	Proposal-4: Consider RMSI rate-matching around SSBs to allow more flexibility for NR-U channel raster and SS raster design. 
Proposal-5: Consider Type B TDRA for RMSI starting at symbols 0, 7 and length 7.

	Samsung
	Observation 3: There is no need to change type B PDSCH design, regardless of which alternative is supported.
Proposal 4: For NR-U DRS, PDSCH of RMSI can rate match around SS/PBCH block(s) within the same slot.

	ETRI
	Proposal 2: Add an indication in RMSI PDCCH regarding rate-matching of RMSI PDSCH around SSB within DRS
· FFS: details of indication method (e.g., corresponding SSB or (other) candidate SSB or both)
Proposal 4: For RMSI PDSCH symbol duration,
· If one DRS (i.e., slot-based DRS) is configured in a slot, PDSCH mapping Type A can be used.
· If two DRSs (i.e., half-slot-based DRS) are configured in a slot, PDSCH mapping Type B with additional symbol durations (e.g., 5 and 6 symbols) can be used.

	AT&T
	Proposal 3: Since there is no legacy LTE CRS transmission in unlicensed bands, those entries defined for LTE-NR coexistence in Rel. 15 are no longer needed for the NR-U initial access procedure and thus can be removed from the default PDSCH SLIV table to make room for new entries.

	Sharp
	Proposal 2: SIB1 PDSCH transmission supports (S, L) = (1, 6) with Type A, and (S, L) = (8, 6) with Type B.
Proposal 3: When SIB1 PDSCH is FDMed with SS/PBCH block in a slot, the SIB1 PDSCH is not mapped to the SS/PBCH block frequency resource.

	Qualcomm Incorporated
	Proposal 9: Regardless which alternative is chosen, new Type B allocation lengths shall only be considered if absolu0074ely necessary for NR-U initial access.
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.

	WILUS Inc.
	Proposal 3: For default PDSCH SLIV table, symbol #2 at the 1st half slot and symbol #8 at the 2nd half slot in a slot can be used as the starting symbol of RMSI-PDSCH regardless of CORESET#0 symbol length for RMSI-PDSCH allocation with 4 or 5-symbol length.

	Ericsson
	Observation 1	DCI format 1_0 used to schedule PDSCH carrying SIB1 supports only Type0 PDSCH resource allocation (contiguous RBs) in the frequency domain.
Proposal 1	For CORESET0 bandwidth of 48 PRBs and {SS/PBCH block, PDCCH} SCS of {30, 30} kHz support 0 RB offset between CORESET0 and SS/PBCH blocks. Inform RAN4 of the need for at least one sync raster point allowing transmission of SS/PBCH block near the channel edge.
Proposal 3	Support a default PDSCH TypeB mapping starting in OFDM symbol 7 with a length of 7 OFDM symbols (assuming symbol indexing starts at zero).
Proposal 4	In line with NR Rel-15, mapping of SIB1 around an SS/PBCH block is not supported. Instead, a sync raster point that allows transmission of SS/PBCH block near the channel edge can maximize the REs available for PDSCH carrying SIB1.



Multiplexing of RMSI PDSCH and SSB in DRS: both aspects above pertain to this kind of multiplexing. Companies expressed the following positions:
  a) Allow or evaluate RM around SSB (10 companies):
· ZTE, Huawei, NTT DOCOMO, CATT, OPPO, Xiaomi, Nokia, LG Electronics, Samsung, Qualcomm 
  b) FD-RM around SSB (i.e REs scheduled for the RMSI PDSCH reception and overlapping with SSB transmission are not used):
· Vivo, Spreadtrum, Intel, Sharp
  b) No RM around SSB: 
· Ericsson
  c) When RM is not configured/allowed:
i. Set RMSI CORESET offset relative to SSB as 0: 
· Ericsson, Spreadtrum, Qualcomm
  d) Allow/consider RM around CSI-RS: 
· Spreadtrum, Vivo

Discussion: 
· Further discuss whether Rate-Match support of RMSI-PDSCH over SSB is warranted for NR-U, RAN1 shall consider the following aspects regarding rate-matching of RMSI PDSCH around SSB in DRS:
· Which SSBs to rate-match around, and how that information is conveyed to the UE
· Handling of DMRS, in particular for DMRS symbols shared with SSB.
· Whether the feature provides sufficient benefits, to justify the extra complexity and spec impact

New Type-B PDSCH allocation length: a few companies express openness to consider consider andditional PDSCH type-B allocation length (for the second half-slot), for optimal utilization of DRS resources:
· L=6 (NTT DOCOMO)
· L=5 (WILUS)
· L=5, 6 (ZTE, Nokia, ETRI, Sharp)

Discussion:
· Further discussion if new Type-B PDSCH length (other than 2/4/7) is needed for NR-U
· Is there strong enough reason to remove the NR restriction?

RMSI PDSCH bandwidth: two companies would like to allow an initial BWP bandwidth larger CORESET0 (e.g. 51, instead of 48 PRBs for 30kHz SCS”.):
· Nokia, NTT DOCOMO

Default SLIV table for type0-PDCCH: It is understood that some of the topics above changes could impact the default allocation table for Type0-PDCCH. Since the changes would be the outcome of higher-level decisions in this section and sections 3.1.1 and 3.1.4, we do not summarize company positions at this point.

Paging/OSI and DRS COT

In 38.889, the following was captured:
	The enhancements identified for physical layer signal and channels are captured in Section 7.2.1.2. For SS/PBCH block transmission in NR-U DRS, it has been identified as beneficial to include CSI-RS and RMSI-CORESET(s) and RMSI-PDSCH(s) in the same contiguous burst when transmission of CSI-RS/RMSI are configured. Optionally OSI and paging can be transmitted in the same DRS if there are available resources.




	Company Name
	Position

	ZTE, Sanechips
	Proposal 9: In order to achieve no time-domain gap in DRS, the following methods can be considered:
• fill in existing signals/channels (e.g., CSI-RS, OSI, Paging) in addition to RMSI PDCCH/PDSCH
• via implementation, which is similar to the processing of blank symbols in LTE-LAA DRS.

	Huawei, HiSilicon
	Proposal 4: Inclusion of RMSI, OSI and paging in DRS is indicated by PBCH.


	Spreadtrum
	Proposal 3: RMSI PDSCH rate matching around SSB can be supported, and paging/OSI PDSCH rate matching around SSB can be supported, if paging/OSI PDSCH is inside DRS.

	Qualcomm Incorporated
	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

	
	



Five companies discussed the inclusion of OSI and Paging in DRS (ZTE, Huawei, ETRI, Qualcomm).
· ZTE points out that Paging & OSI can be used to ensure no gaps in DRS.
· Huawei considers that the multiplexing of Paging and OSI in DRS can be signalled in PBCH.
· Spreadtrum would like to consider rate-matching options for paging and OSI as well.
· Qualcomm points out that the default PDSCH allocation table for paging (and OSI) should contain the right SLIV entries to multiplex with RMSI in DRS COT

Discussion:
· Further discuss what modifications are needed to ensure that paging can, when sufficient resources exist, be transmitted in the same COT as DRS:
· Whether Type-2 PDCCH monitoring can be configured:
· inside SSBs slots in the SS Burst
· immediately after the SS Burst, in the same COT
· Impact on PDSCH scheduled by Type-2 PDCCH, and potential SLIV table changes
· How/whether UE knows whether paging and DRS are located in the same COT.


Sync raster
	Company Name
	Position

	LG Electronics
	Proposal #4: Consider the following approaches for synchronization raster on unlicensed band.
· Approach 1: As in Rel-15 NR
· Approach 2: Sparser than synchronization raster in Rel-15 NR
· Approach 3: As in Rel-13 LTE LAA

	Intel Corporation
	Proposal-6: Consider channel raster frequencies for consecutive 20 MHz RF channels such that the constituent PRBs corresponding to each of the 20 MHz RF channels lie on a common PRB grid
Proposal-7: Consider SS raster frequencies for NR-U that are sparser than NR due to the limited flexibility in channel placement in unlicensed band

	Qualcomm Incorporated
	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.

	Ericsson
	Observation 1	DCI format 1_0 used to schedule PDSCH carrying SIB1 supports only Type0 PDSCH resource allocation (contiguous RBs) in the frequency domain.
Proposal 1: For CORESET0 bandwidth of 48 PRBs and {SS/PBCH block, PDCCH} SCS of {30, 30} kHz support 0 RB offset between CORESET0 and SS/PBCH blocks. Inform RAN4 of the need for at least one sync raster point allowing transmission of SS/PBCH block near the channel edge.



This topic will be discussed further in RAN4.
Other (LBT, DRX Indicator)

For Connected DRX, MediaTek points out that a DRX Indicator in DRS would help UE save power and avoid UE missing PDSCH. We also note that at least one similar proposal was made in the agenda item for section 7.2.2.2.2.

Other companies discuss the LBT category to use for DRS.

	Company Name
	Position

	ZTE, Sanechips
	Proposal 8: DRS duration within the DRS transmission window is determined depending on some aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switch. Preferably, DRS duration is less than or equal to 1ms.

	MediaTek Inc.
	Proposal 3: NR-U supports DL transmission indicator for UE power saving and to avoid missing PDSCH due to DRX. The DL transmission indicator could be transmitted within NR-U DRS to avoid LBT overhead.

	Nokia, Nokia Shanghai Bell
	Proposal 8: To support DRS transmissions not meeting the criteria for SCS (5% duty cycle, 1 ms duration), consider splitting DRS into two configurations, where the first DRS configuration uses Cat 2 LBT, and the second DRS configuration uses Cat 4 LBT. Exact interaction between the two configurations is FFS. 

	WILUS Inc.
	Proposal 1: It seems beneficial to consider additional characteristics for the design of NR-U DRS containing at least SS/PBCH block burst set transmission as follows:
o  At least 1 symbol LBT gap between slots including NR-U DRS transmission to perform Cat-2 LBT with 25us
o  To set an LBT gap within a slot for PDCCH/PDSCH transmission at the slot boundary 
o To allow consecutive transmission within a slot not to allow the medium by other coexistence device irrespective of within a beam or between different beams 

	Ericsson
	Observation 2  In order to use Cat2 LBT, the duration of the DRS should be less than 1 ms; hence, the maximum number of transmitted SS/PBCH blocks X within the DRS depends on the sub-carrier spacing. For 30 or 15 kHz SCS, X = 4 or 2 results in a DRS duration less than 1 ms, respectively. When Cat4 LTB is used, X = L = 8 can also be supported.



The LBT topic is further discussed in the channel access agenda item.

Time permitting, RAN1 should consider the proposal of a DRX indicator in DRS.

PRACH
PRACH Numerology
Description: The SCS to support for PRACH is yet to be determined. The positions of different companies are provided in the table below: 

	Company
	Position

	ZTE
	Proposal 12: SCSs with 15 and 30 kHz should be supported in below 7 GHz for NR-U.

	Huawei
	Proposal 8: NR-Unlicensed supports 60 kHz SCS for PRACH.

	Samsung
	Proposal 7: NR-U shall support 30 kHz SCS only for PRACH.

	Qualcomm
	Proposal 19: Only 15 and 30 kHz SCS will be supported for NR-U PRACH.

	Ericsson
	Proposal 6: As in NR Rel-15, 60 kHz SCS for PRACH is not supported in FR1.



Feature lead summary: A summary of the company positions on SCS to support for PRACH in provided below:
· 15 kHz: Qualcomm, Ericsson, Huawei, ZTE
· 30 kHz: Qualcomm, Ericsson, Samsung, Huawei,  ZTE
· 60 kHz: Huawei
FL Proposal: 
· SCS of 15/30 kHz is supported for NR-U PRACH 

PRACH frequency mapping options and evaluation results
The following was agreed in RAN96b ([1]):
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

Following table summarizes the different company proposals:
	Company
	Position

	ZTE
	Results provided for Alt1 (2 times with gap and 4 times no gap)
[bookmark: OLE_LINK20]Proposal 10: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency can be supported for NR-U.
Proposal 11: For Alt1, both 2 repetitions and 4 repetitions can be further studied.

	Huawei
	Results provided for Alt 1 and Alt 2 schemes
Observation 1: Repeated ZC sequences are a new waveform while a Rel-15 NR UE is already capable of transmitting a single ZC sequence with one of 99 different sequence lengths ranging from 31 to 1259 in a 20 MHz bandwidth.
Observation 2: Compared to a single ZC sequence of similar length, a repeated length-139 ZC sequence has slightly worse mis-detection performance and lower maximum transmission power, but much larger CM (which in turn leads to much lower MCL) and much smaller PRACH capacity, and the degradation increases with more repetitions.
-	The mis-detection probability is ~0.05-0.19 dB worse,
-	The 95-percentile CM is ~3.5-10.15 dB larger,
-	The MCL is ~0.52-10 dB lower,
-	The PRACH capacity is ~50-80% smaller.
Observation 3: Compared to the legacy length-139 ZC sequence without repetition, a repeated length-139 ZC sequence has much larger CM (which in turn can lead to lower MCL) and much smaller PRACH capacity, and the degradation increases with more repetitions.
-	The 95-percentile CM is ~3.21-9.63 dB larger,
-	The MCL is ~2.13-3 dB higher for 2-repetition case, but 1.85-2.89 dB lower for 4-repetition case,
-	The PRACH capacity is ~50-75% smaller.
Observation 4: Even if a method is specified to reduce the PAPR/CM of a repeated length-139 ZC sequence, its MCL will be worse than that of a single long ZC sequence with similar length.
Observation 5: The PRACH capacity of a repeated length-139 ZC sequence is lower because of fewer available root indices compared to that of a single ZC sequence of similar length, and less FDM values compared to that of a legacy length-139 ZC sequence without repetition. This PRACH capacity cannot be improved by using different root indices, cyclic shifts or phase rotations among the repeated sequences since that increases the cross correlation.
Observation 6: New methods are required for specifying the cyclic shift tables and the root index order tables of repeated ZC sequences compared to a single long ZC sequence.
Observation 7: A repeated length-139 ZC sequence requires significant work for a number of issues:
-	A standardized method to reduce the transmit power backoff.
-	New method to specify the table of cyclic shifts.
-	New method to allocate the root indices to preambles.
Proposal 5: The NR-U PRACH is based on a single long ZC sequence from Rel-15 with the following lengths:
	For 15 kHz SCS: L_RA=1259;
	For 30 kHz SCS: L_RA=607;
	For 60 kHz SCS: L_RA=283.

	VIVO
	Provided results for Alt1 and Alt2
Observation 1: Single preamble mapping contiguously across sub-band can achieve better MCL performance and higher capacity. For preamble repetition in frequency domain, 2 repetitions can achieve acceptable performance and good multiplexing property with other UL channels.
Proposal 11: The following PRACH mapping method can be considered for NRU
· Opt. 1: Single preamble mapping contiguously across the whole sub band, e.g. L=599 preamble.
· Opt. 2: Length 139 preamble repeated two times in frequency.
· Other UL channel should rate matched around the RBs of RACH occasions, if this option is adopted.

	NTT
	Observation 2:  Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency domain may cause timing error due to multiple peaks of correlation.
Observation 3:  A single PRACH sequence mapped to contiguous PRBs may be better in terms of detection performance with higher capacity, but the implementation impact should be considered.

	NEC
	Proposal 1: For NR-U PRACH sequence, Alt 2.1 is proposed.

	Fujitsu
	Proposal 1: To meet OCB requirement for PRACH transmission, support Alt 1, i.e. legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency.

	OPPO
	Proposal 4: 	Alt 1 (Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency) is preferred for NR-U.
o	Assume 8 PRACH repetitions for 15 kHz SCS and 4 repetitions for 30 kHz SCS in frequency domain within 20MHz.	

	NOKIA
	Alt1 with 4 reps and Alt2 with 599 length sequence are compared.
Proposal 10: Support Alt 2.1., i.e. ZC based single long sequence.
Proposal 12: Support also length-139 PRACH preamble when PRACH is transmitted on the UL portion of gNB acquired shared COT.

	LG
	Alt1 with 1, 2 and 4 repetitions are compared.
Observation #1: Single long PRACH sequence with contiguous mapping is not preferred (thus, not supported) for NR-U.
Proposal #5: Support frequency domain repetition of two PRACH sequences as PRACH preamble structure for NR-U.


	Intel
	Proposal-8: Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.
Proposal-9: Support enhancement of legacy NR short PRACH structure by mapping length-139 NR PRACH sequence to contiguous subcarriers, with contiguous repetitions in frequency without any guard bands in between the repetitions (i.e. Alt-1).
-	Different phase rotations are applied on the repetitions.


	Samsung
	Proposal 5: NR-U shall support A1 by reusing legacy Rel-15 NR PRACH sequence with repetitions in frequency domain.
Proposal 6: Repetitions of PRACH sequence can be mapped to contiguous RBs for Alt1.


	Qualcomm
	Results are provided for Alt1 with 1,2,4,8 repetitions and Alt 2.1 with 607 and 1259 length seq
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.

	Ericsson
	Provides results for Alt1 with 1 and 2 repetitions, Alt 2.1 with 283 length sequence
Proposal 8	Support Alt-2.1 for PRACH sequence mapping as follows: Enhance Rel-15 PRACH formats A, B, and C to support one additional Zadoff-Chu sequence length LRA = 283. The size of a PRACH occasion in the frequency domain is doubled compared to Rel-15. Support configuration of only unrestricted PRACH preamble sets, as in Rel-15. FFS: supported values of cyclic shift spacing NCS as well as mapping of logical sequence index i to sequence number u with minimal change to Rel-15.



Feature lead summary: 
13 companies have given their positions for frequency mapping options. Out of these, 7 companies have provided evaluation results in the current submission. The positions of different companies on PRACH sequence to frequency mapping are summarized below:
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency: ZTE, Fujitsu, OPPO, LG, Intel, Samsung, VIVO
· 2 repetitions in frequency: VIVO, LG, ZTE
· 4 repetitions in frequency: OPPO, ZTE
· 8 repetitions in frequency for 15 kHz: OPPO
· 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: Huawei, NEC, Nokia, Qualcomm, VIVO, Ericsson
· ZC-607 for 30 kHz, ZC-1259 for 15 kHz: Huawei, Qualcomm
· ZC-599 for 30 kHz: VIVO, Nokia
· ZC-283 for 30 kHz: Ericsson
The complete set of results from all companies in this submission are given in the appendix. We summarize below a subset of results which includes alternatives proposed by respective companies for comparison:
· SCS=30 kHz, 15 kHz
· Alt 1 number of repetitions = 2, 4 (30 kHz) and 2, 8 (15 kHz)
· Alt 2.1 L_RA = 243, 599, 607, and 1259
SCS=30 kHz evaluation results:
	Company
	Alt 1 ZC-139 with 2 repetitions
	Alt 1 ZC-139 with 4 repetitions
	Alt 2 ZC-L_RA (L_RA>139)

	
	BW occupied (MHz)
	MCL
	Capacity
	BW occupied (MHz)
	MCL
	Capacity
	BW occupied
	MCL
	Capacity

	ZTE
	8.34
	128.1
	1380
	16.68
	127.4
	1380
	
	
	

	Huawei
	8.34
	126.02
	3312
	16.68
	121.17
	1656
	18.21
	129.95
	8484

	VIVO
	8.64
	126.19
	1904
	17.28
	126.96
	1904
	18.0
	129.66
	9410

	Nokia
	
	
	
	17.28
	126.62
	1656
	18.0
	129.35
	7176

	LG
	8.34
	128.4
	1656
	16.68
	128.62
	1656
	
	
	

	Qualcomm
	8.34
	129.3
	1104
	16.68
	128.03
	1104
	18.21
	129.05
	7878

	Ericsson
	8.34
	127.7
	3588
	
	
	
	8.49
	127.6
	7896



SCS=15 kHz evaluation results:
	Company
	Alt 1 ZC-139 with 2 repetitions
	Alt 1 ZC-139 with 8 repetitions
	Alt 2 ZC-L_RA (L_RA>139)

	
	BW occupied (MHz)
	MCL
	Capacity
	BW occupied (MHz)
	MCL
	Capacity
	BW occupied
	MCL
	Capacity

	Huawei
	4.17
	125.92
	9384
	16.68
	118.14
	2346
	18.885
	133.51
	33966

	Qualcomm
	4.17
	129.63
	1104
	16.68
	130.36
	1104
	18.885
	132.03
	27676



Discussion: 
· Alt 2.1 Provides more capacity and comparable or greater MCL than Alt 1 for both 30 kHz and 15 kHz SCS.
· The disadvantage of Alt 2.1 as pointed out by some companies is mainly the extra specification effort required. 

FL Proposal: 
· NR-U supports legacy NR PRACH design with ZC 139 mapped to 12 contiguous RBs.
· New enhanced design of NR-U PRACH to satisfy 80% OCB requirement: support Alt 2.1
· 15 kHz: L_RA=[1151]
· 30 kHz: L_RA=[571]

PRACH Sequence Design 
Description: The following was agreed in RAN1#95:
It has been identified that the long PRACH sequence length defined in NR Rel-15 (L = 839) is not beneficial for NR-U, since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment. However, when it comes to shorter sequence lengths, some sources propose reusing the short sequence length (L = 139) defined in NR-Rel-15, whereas other sources propose defining new sequence lengths depending on which of the alternatives is selected for PRACH frequency mapping. The PRACH sequence design covering both the length and the sequence needs to be addressed.

This will be decided together with the frequency mapping options in section 3.2.2.

LBT Gaps between RACH occasions
Description: In NR-Rel15 back to back RACH Occasions in time can be configured. In NR-U, a UE has to pass LBT before transmitting RACH preamble. The UE may get blocked by a RACH transmission of another UE in the previous RACH occasion. 
The company positions on this topic are summarized in the table below:
	Company
	Position

	ZTE
	Proposal 13: The enhancement to PRACH preamble formats to introduce LBT gaps in time domain between PRACH occasions is not necessary and should not be supported in Rel-16.

	Panasonic
	Proposal 2: The benefit from the solution to insert gaps between RACH occasions should be clarified first.

	VIVO
	Proposal 12: To reduce the PRACH delay caused by the blockage issue, LBT Gap between RACH occasions should be supported. Following alternatives can be considered.
- Alt.1: Truncated PRACH format in a RO.
- Alt.2: Sparser RO in a RACH slot based on existing PRACH configuration.

	Fujitsu
	Observation 1：Based on RO configuration in NR Rel-15, there would be no enough blank period for LBT between neighboring time-domain ROs.
Proposal 2: For NR-U, NR Rel-15 RO configuration should be enhanced to avoid potential blocking between neighboring time-domain ROs.

	OPPO
	Proposal 4: New configurations with LBT gaps between two RACH occasions for one PRACH slot can be considered.

	Xiomi
	Proposal 5:  NR-U shall support RO configurations with gap of fixed symbol(s).

	Nokia
	Proposal 9: Within a PRACH slot, allocate 25 us LBT gap before each RO. CP extension can be used to provide the LBT gap so that “normal FFT” window setting can be used at gNB.
Observation 4: LBT blocking due to TA difference between frequency multiplexed PUSCH, PUCCH, and PRACH is not expected in small cell deployments.  

	LG 
	Proposal #6: Consider the followings for PRACH preamble format in NR-U.
-Insertion of CCA gap between adjacent RACH occasions (ROs) in time domain 
 FFS on duration of the CCA gap (e.g. X usec or Y symbol)
-Addition of GP (Guard Period) after preamble part in PRACH format 
 Length of the GP is the same with CP length
Proposal #7: Determine CCA gap between adjacent ROs in time domain by considering LBT type applied for PRACH in terms of the channel access priority class and/or variable CWS (in case of Cat-4 LBT based PRACH transmission).

	Intel
	Proposal-10: Introduce LBT gap between neighbouring ROs within a RACH slot to avoid blocking of one UE by RACH transmission of another UE in the previous RO.

	Samsung
	Proposal 10: NR-U shall support non-consecutive ROs within the same RACH slot, with a gap duration introduced between two neighboring ROs for the PRACH LBT resource overhead.

	Qualcomm
	Proposal 12: 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 got by assuming largest contention window and no other interferers)
- Gaps should be in units of number of symbols for easier alignment
- Minimum gap required is 1/2 symbols for 15/30 kHz SCS

	Ericsson
	Proposal 7: If it is demonstrated that gaps are needed between back-to-back PRACH occasions in the same slot in order improve RACH performance for practical system loadings, several solutions can be considered. One solution is to configure PRACH preamble format C2 which has inherent gaps between PRACH occasions due to the guard. Another simple solution is to adopt partial puncturing of existing PRACH preamble formats either at the beginning of the transmission or the end. Finally, a PRACH configuration table re-design can be considered, but only if absolutely necessary.



Feature lead summary
Back to back RACH occasions with small gaps could lead to blocking of a later RACH occasion by RACH transmissions in an earlier RACH occasion. NR RACH formats may need to be enhanced to provide larger gaps to mitigate the blocking issue. 
Summary of company positions:
· NR Rel.15 RO configuration should be enhanced to avoid potential blocking between neighbouring ROs: VIVO, OPPO, Nokia, Fujitsu, Samsung, LG, Qualcomm, Xiaomi, Intel
· NR-Rel.15 is sufficient to configure non-blocking occasions, gaps not supported for Rel-16: ZTE
· Benefits to be clarified: Panasonic
FL proposal:
· NR Rel-15 RACH occasion configuration should be enhanced to avoid potential blocking between neighbouring time-domain RACH occasions.
· The gap between ROs are integer multiple of OFDM symbols
· FFS: The exact length of gap between ROs and how to generate the gaps
· Show concern: E///

PRACH Formats
Description: NR supports multiple PRACH formats (Format A, B, C) to cater to different use cases such as different cell sizes. Since NR-U is likely to cater to relatively small cell sizes, applicability of the different formats to NR-U needs to be investigated. Note that the PRACH format design should also consider LBT related aspects that are described later in this document.
The company positions on the PRACH formats to support are provided below.
	Company
	Position

	ZTE
	Proposal 14: The PRACH formats based on NR PRACH formats A and B can be supported in NR-U.

	Huawei
	Proposal 7: NR-Unlicensed PRACH formats are based on NR PRACH formats A and B.

	VIVO
	Proposal 10: Only PRACH format A1, A2 andA3 are supported in NR unlicensed spectrum.

	Xiomi
	Proposal 4:  NR-U PRACH supports Rel.15 NR PRACH formats A1-A3 and B1-B3 at most.

	Nokia
	Proposal 11: Support only PRACH formats A and B in NR-U.

	LG
	Proposal #8: Rel-15 NR PRACH preamble formats A1, A2, and A3 in terms of CP length, symbol length, and the number of symbols are reused for NR-U.

	Intel
	Proposal-6: Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.

	Samsung
	Proposal 8: NR-U shall only support short PRACH preamble format A and format B defined in Rel-15 NR.

	Qualcomm
	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.  

	Ericsson
	Proposal 5: Existing Rel-15 PRACH configuration tables which include all PRACH formats may be reused for NR-U operations.



Feature Lead Summary
[bookmark: _Hlk1719967]Following are company positions:
· Short PRACH Formats: Huawei, VIVO, Intel, Ericsson, Samsung, Fujitsu, Qualcomm
· Alt 1: Support Format A:  Qualcomm, VIVO, LG
· Alt 2: Support format A and B: Huawei, ZTE (prefer format B since it has GT), Xiomi, Nokia, Samsung
· Alt 3: Support all three formats A, B and C: Ericsson, Intel
FL Proposal: 
· NR-U PRACH supports Rel.15 NR PRACH formats A1-A3
· NR-U PRACH does not support Rel.15 NR PRACH formats 0/1/2/3/C
· FFS: Rel.15 NR PRACH formats B1-B4 supported or not
· The need for these formats is not clear if LBT gaps are introduced between ROs 

Multiplexing PRACH and other channels
Description: In NR-Rel15, it is possible to multiplex RACH resource with PUSCH/PUCCH of another UE in frequency. In NR-U there may be the following issues which may need to be considered while multiplexing PRACH with other channels in frequency.
· PUSCH/PUCCH frequency domain allocation may be interlaced
· PUSCH/PUCCH transmissions blocking RACH transmission due to LBT
· Interference from neighbouring tones.

The positions of different companies on these multiplexing issues are summarized in the table below:
	Company
	Position

	ZTE
	Proposal 15: Only TDM of PRACH and other channels is supported.

	Huawei
	Proposal 8: No solution with specification impact is adopted for handling multiplexing between PRACH and PUSCH/PUCCH.

	OPPO
	Proposal 4: PRACH and other channels within one LBT subband for the same symbols are not multiplexed.

	Nokia
	Proposal 12: Support also length-139 PRACH preamble when PRACH is transmitted on the UL portion of gNB acquired shared COT.

	Samsung
	Proposal 9: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.



Feature lead summary:  There are currently differing views on the support of FDM of PRACH and PUCCH/PUSH as it depends on the frequency domain allocation planned for PRACH. With uniform RE based structure it may be possible to multiplex PRACH with NR Rel-15 SRS waveform easily but multiplexing with PUCCH/PUSCH may involve puncturing/rate-matching of PUCCH / PUSCH resources. 
Company positions:
Is FDM of PRACH and PUCCH/PUSCH is supported?
· Yes: Nokia 
· No: Samsung (at least for initial access), ZTE, OPPO
Discussion:
· To be considered along with the frequency mapping options section above.
· If supported, further discuss FDM of PRACH and PUCCH/PUSCH for the following cases
· FDM of NR Rel.15 PRACH and NR Rel.15 PUCCH/PUSCH
· FDM of NR Rel.15 PRACH and NR-U interlaced PUCCH/PUSCH
· PUCCH/PUSCH transmissions on RACH resources in case of any overlap are avoided by rate matching around the PRACH resources or through scheduling
In FDM based multiplexing of PRACH with other channels, due to differences in TA values transmission from one UE may block transmission from other UEs. Some companies feel the TA values are small and/or the blocking issue can be handled by implementation while others feel that this needs a specification based solution. 
Company positions: Specification based solution to handle blocking of UEs when PRACH is multiplexed with other channels is necessary
· Yes: 
· No: Huawei
Discussion: 
· Discuss further if a specification based solution is necessary to handle blocking of UEs when PRACH is FDM with other channels
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Appendix: Evaluation results for PRACH proposals
In this section, we present the performance evaluation results for different PRACH proposals from all companies collected from the paper submissions to RAN1 #97. The MCL results are summarized in Table 1 in Section 3.3.2.
ZTE 
	Parameter
	Value
	Value
	Value
	Notes

	Scheme
	ZC139x1
	ZC139x2 with gap
	ZC139x4 with no gap 
	Eg. Alt4-ZC139x2

	SCS
	30KHz
	30KHz
	30KHz
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	139
	139
	139
	Eg. 139, 

	# of repetition (R)
	1
	2
	4
	If repetition of sequence is used in freq domain

	N_cs

	13
	13
	13
	Eg. 11

	# of RBs used for one RO (N_RB)
	12
	24
	47
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	RACH frequency occupancy (MHz)
	4.17
	8.34
	16.68
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-102.8
	-99.8
	-96.8
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=5dB

	SNR (dB)
	-5.6
	-10.2
	-13.0
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	16.2
	19.2
	22.2
	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)
	2.3
	4.9
	5.4
	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)
	16.2
	18.1
	17.6
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	124.6
	128.1
	127.4
	MCL = P_TX-SNR-Np

	N_FDM
	4
	1
	1
	# of ROs in 20MHz

	N_TDM
	2
	2
	2
	# of ROs in 1ms



Proposal 10: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency can be supported for NR-U.
Proposal 11: For Alt1, both 2 repetitions and 4 repetitions can be further studied.
Huawei
MCL table for 30 kHz SCS
	Scheme
	
	
	 per RO
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	
	PRACH capacity

	ZC139
	139
	1
	12
	4.17
	-102.8
	-4.10
	16.12
	1.07
	16.12
	123.02
	4
	6624       (92 cells)

	ZC139x2A
	139
	2
	24
	8.34
	-99.8
	-7.50
	19.13
	4.28
	18.72
	126.02
	2
	3312       (46 cells)

	ZC139x2B
	139
	2
	24
	8.34
	-99.8
	-7.45
	19.13
	5.10
	17.90
	125.15
	2
	3312       (46 cells)

	ZC283
	283
	1
	24
	8.49
	-99.7
	-7.64
	19.20
	0.77
	19.20
	126.54
	2
	7896     (112 cells)

	ZC139x4A
	139
	4
	48
	16.68
	-96.8
	-11.02
	22.14
	9.65
	13.35
	121.17
	1
	1656       (23 cells)

	ZC139x4B
	139
	4
	48
	16.68
	-96.8
	-11.03
	22.14
	10.70
	12.3
	120.13
	1
	1656       (23 cells)

	ZC571
	571
	1
	48
	17.13
	-96.7
	-11.18
	22.25
	0.55
	22.25
	130.13
	1
	7980     (114 cells)

	ZC607
	607
	1
	51
	18.21
	-96.40
	-11.08
	22.52
	0.53
	22.47
	129.95
	1
	8484     (121 cells)



MCL table for 15KHz SCS
	Scheme
	
	
	 per RO
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	
	PRACH capacity

	ZC139
	139
	1
	12
	2.085
	-105.8
	-3.64
	13.17
	0.88
	13.17
	122.62
	8
	18768   (272 cells)

	ZC139x2A
	139
	2
	24
	4.17
	-102.8
	-6.94
	16.18
	4.22
	16.18
	125.92
	4
	9384      (136 cells)

	ZC139x2B
	139
	2
	24
	4.17
	-102.8
	-6.83
	16.18
	4.94
	16.18
	125.81
	4
	9384      (136 cells)

	ZC283
	283
	1
	24
	4.245
	-102.7
	-7.25
	16.26
	0.63
	16.26
	126.21
	4
	25944   (376 cells)

	ZC139x4A
	139
	4
	48
	8.34
	-99.8
	-10.64
	19.19
	9.63
	13.37
	123.81
	2
	4692       (68 cells)

	ZC139x4B
	139
	4
	48
	8.34
	-99.8
	-10.56
	19.19
	10.55
	12.45
	122.81
	2
	4692       (68 cells)

	ZC571
	571
	1
	48
	8.565
	-99.7
	-10.89
	19.31
	0.45
	19.45
	130.04
	2
	28500   (380 cells)

	ZC139x8A
	139
	8
	96
	16.68
	-96.8
	-13.84
	22.20
	15.50
	7.50
	118.14
	1
	2346       (34 cells)

	ZC139x8B
	139
	8
	96
	16.68
	-96.8
	-13.99
	22.20
	16.50
	6.5
	117.29
	1
	2346       (34 cells)

	ZC1151
	1151
	1
	96
	17.265
	-96.6
	-14.07
	22.35
	0.32
	22.35
	133.02
	1
	31050   (383 cells)

	ZC1259
	1259
	1
	105
	18.885
	-96.2
	-14.62
	22.74
	0.31
	22.69
	133.51
	1
	33966   (419 cells)



MCL table for 60KHz SCS
	Scheme
	
	
	 per RO
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	
	PRACH capacity

	ZC139
	139
	1
	12
	8.34
	-99.8
	-4.50
	19.13
	1.84
	19.13
	123.42
	2
	1932       (26 cells)

	ZC139x2A
	139
	2
	24
	16.68
	-96.8
	-7.65
	22.14
	4.35
	18.65
	123.10
	1
	966         (13 cells)

	ZC139x2B
	139
	2
	24
	16.68
	-96.8
	-7.85
	22.14
	5.32
	17.68
	122.33
	1
	966         (13 cells)

	ZC283
	283
	1
	24
	16.98
	-96.7
	-7.84
	22.21
	0.96
	22.04
	126.58
	1
	1974       (28 cells)

	ZC311
	311
	1
	26
	18.66
	-96.3
	-8.41
	22.62
	0.93
	22.07
	126.78
	1
	2170       (31 cells)




Observation 1: Repeated ZC sequences are a new waveform while a Rel-15 NR UE is already capable of transmitting a single ZC sequence with one of 99 different sequence lengths ranging from 31 to 1259 in a 20 MHz bandwidth.
Observation 2: Compared to a single ZC sequence of similar length, a repeated length-139 ZC sequence has slightly worse mis-detection performance and lower maximum transmission power, but much larger CM (which in turn leads to much lower MCL) and much smaller PRACH capacity, and the degradation increases with more repetitions.
-	The mis-detection probability is ~0.05-0.19 dB worse,
-	The 95-percentile CM is ~3.5-10.15 dB larger,
-	The MCL is ~0.52-10 dB lower,
-	The PRACH capacity is ~50-80% smaller.
Observation 3: Compared to the legacy length-139 ZC sequence without repetition, a repeated length-139 ZC sequence has much larger CM (which in turn can lead to lower MCL) and much smaller PRACH capacity, and the degradation increases with more repetitions.
-	The 95-percentile CM is ~3.21-9.63 dB larger,
-	The MCL is ~2.13-3 dB higher for 2-repetition case, but 1.85-2.89 dB lower for 4-repetition case,
-	The PRACH capacity is ~50-75% smaller.
Observation 4: Even if a method is specified to reduce the PAPR/CM of a repeated length-139 ZC sequence, its MCL will be worse than that of a single long ZC sequence with similar length.
Observation 5: The PRACH capacity of a repeated length-139 ZC sequence is lower because of fewer available root indices compared to that of a single ZC sequence of similar length, and less FDM values compared to that of a legacy length-139 ZC sequence without repetition. This PRACH capacity cannot be improved by using different root indices, cyclic shifts or phase rotations among the repeated sequences since that increases the cross correlation.
Observation 6: New methods are required for specifying the cyclic shift tables and the root index order tables of repeated ZC sequences compared to a single long ZC sequence.
Observation 7: A repeated length-139 ZC sequence requires significant work for a number of issues:
-	A standardized method to reduce the transmit power backoff.
-	New method to specify the table of cyclic shifts.
-	New method to allocate the root indices to preambles.
Proposal 5: The NR-U PRACH is based on a single long ZC sequence from Rel-15 with the following lengths:
	For 15 kHz SCS: L_RA=1259;
	For 30 kHz SCS: L_RA=607;
	For 60 kHz SCS: L_RA=283.
VIVO

	Parameter
	Value
	Notes

	Scheme
	L=139 ZC sequence (Rel-15)
	L=599 ZC sequence
	2 ROs repeated in frequency domain
L=139 ZC sequence
	4 consecutive ROs repeated in frequency domain
L=139 ZC sequence
	Eg. Alt4-ZC139x2

	SCS
	30KHz
	30KHz
	30KHz
	30KHz
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	139
	599
	139
	139
	Eg. 139, 

	# of repetition (R)
	1
	1
	2
	4
	If repetition of sequence is used in freq domain

	N_cs

	10
	38
	10
	10
	Eg. 11

	# of RBs used for one RO (N_RB)
	12
	50
	12
	12
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	RACH frequency occupancy (MHz)
	4.32
	18.0
	8.64
	17.28
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-102.8
	-96.4
	-99.8
	-96.8
	Np= -174+10*log10(SCS*L_RA*R)-NF
NF=-5dB

	SNR (dB)
	-3.4
	-11.36
	-8.6
	-11.36
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	16.36
	22.55
	20.79
	22.38
	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)
	1.1dB
	1.1dB
	3.8dB
	4.2dB
	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)
	16.36 dB 
	21.9 dB 
	19.2 dB
	18.8 dB
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	122.56
	129.66
	126.19
	126.96
	MCL = P_TX-SNR-Np

	N_FDM
	4
	1
	1
	1
	# of ROs in 20MHz

	Capacity
(preambles)
	7617
	9410
	1904
	1904
	Across all ROs in 20MHz. Should report any constraints on ISD for the scheme evaluated.


Observation 1: Single preamble mapping contiguously across sub-band can achieve better MCL performance and higher capacity. For preamble repetition in frequency domain, 2 repetitions can achieve acceptable performance and good multiplexing property with other UL channels.
Proposal 11: The following PRACH mapping method can be considered for NRU
· Opt. 1: Single preamble mapping contiguously across the whole sub band, e.g. L=599 preamble.
· Opt. 2: Length 139 preamble repeated two times in frequency.
· Other UL channel should rate matched around the RBs of RACH occasions, if this option is adopted.


NTT
Observation 2:  Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency domain may cause timing error due to multiple peaks of correlation.
Observation 3:  A single PRACH sequence mapped to contiguous PRBs may be better in terms of detection performance with higher capacity, but the implementation impact should be considered.
NEC
Proposal 1: For NR-U PRACH sequence, Alt 2.1 is proposed.
Fujitsu
Proposal 1: To meet OCB requirement for PRACH transmission, support Alt 1, i.e. legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency.
OPPO
Proposal 4: 	Alt 1 (Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency) is preferred for NR-U.
o	Assume 8 PRACH repetitions for 15 kHz SCS and 4 repetitions for 30 kHz SCS in frequency domain within 20MHz.
o	PRACH and other channels within one LBT subband for the same symbols are not multiplexed.
o	New configurations with LBT gaps between two RACH occasions for one PRACH slot can be considered.

Nokia
	Parameter
	Value
	Value
	Notes

	Scheme
	Alt 2: Wideband contiguous “A1”
	Alt 1: Frequency repeated Rel15 A1
	Eg. Alt4-ZC139x2

	SCS
	30KHz
	30KHz
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	599
	139
	Eg. 139, 

	# of repetition (R)
	1
	4
	If repetition of sequence is used in freq domain

	N_cs

	49
	11
	Eg. 11

	# of RBs used for one RO (N_RB)
	50
	48
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

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

	RACH frequency occupancy (MHz)
	18
	17.28
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-96.45
	-96.62
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=-5dB

	SNR (dB)
	-12.8
	-12.5
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	22.55
	22.38
	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)
	2.9
	5.5
	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)
	20.10
	17.50
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	129.35
	126.62
	MCL = P_TX-SNR-Np

	N_FDM
	1
	1
	# of ROs in 20MHz

	Capacity (#preambles)
	7176
	1656
	Across all ROs in 20MHz. Should report any constraints on ISD for the scheme evaluated.

	Capacity (num of cells)
	99
	23
	


Proposal 10: Support Alt 2.1., i.e. ZC based single long sequence.  
LG
	Parameter
	Value
	Value
	Value

	Scheme
	Rel-15 (Case 1)
	Alt4-ZC139x2 (Case 2)
	Alt4-ZC139x4 (Case 3)

	SCS
	30 kHz
	30 kHz
	30 kHz

	PRACH sequence length (L_RA)
	139
	139
	139

	# of repetition (R)
	1
	2
	4

	N_cs
	11
	11
	11

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

	# of interlaces used by one RO (N_interlace)
	-
	-
	-

	RACH frequency occupancy (MHz)
	30k*139*1 = 4.17M
	30k*139*2 = 8.34M
	30k*139*4 = 16.68M

	Noise level, Np (dBm)
	-174 + 10log10(4.17M) + 5 = -102.8
	-174 + 10log10(8.34M) + 5 = -99.8
	-174 + 10log10(16.68M) + 5 = -96.8

	SNR (dB)
	-5
	-9.4
	-11.9

	P_max (dBm)
	10+10log10(4.17) = 16.2
	10+10log10(8.34) = 19.2
	10+10log10(16.68) = 22.2

	Backoff (dB)
	1.9750
	2.127
	3.079

	P_TX (dBm)
	min(16.2, 23-1.9750) = 16.2
	min(19.2, 23-2.127) = 19.2
	min(22.2, 23-3.079) = 19.921

	MCL (dB)
= P_TX-SNR-Np
	16.2-(-5)-(-102.8) = 124.0
	19.2-(-9.4)-(-99.8) = 128.4
	19.921-(-11.9)-(-96.8) = 128.621

	N_FDM
(# of ROs in 20MHz)
	4
	1
	1

	Capacity
	4*138*12 = 6624
	1*138*12 = 1656
	1*138*12 = 1656



Observation #1: Both F-domain repetition of two PRACH sequences and F-domain repetition of four PRACH sequences could provide much better miss-detection performance than the legacy Rel-15 NR PRACH mapping.
Observation #2: Both F-domain repetition of two PRACH sequences and F-domain repetition of four PRACH sequences could provide similar timing estimation performance as the legacy Rel-15 NR PRACH mapping.
Observation #3: Both two PRACH sequence repetition and four PRACH resource repetition could provide better MCL than the legacy Rel-15 NR PRACH mapping.
Observation #4: Two PRACH sequence repetition and four PRACH resource repetition could obtain almost same MCL, even though the former uses less transmit power and less frequency resources than the latter.
Observation #5: F-domain repetition of two PRACH sequences could well operate under NR-U environments in terms of the miss-detection rate, timing estimation performance and MCL.
Proposal #5: Support frequency domain repetition of two PRACH sequences as PRACH preamble structure for NR-U.
Observation #1: Single long PRACH sequence with contiguous mapping is not preferred (thus, not supported) for NR-U.

Intel
Proposal 9: Support enhancement of legacy NR short PRACH structure by mapping length-139 NR PRACH sequence to contiguous subcarriers, with contiguous repetitions in frequency without any guard bands in between the repetitions (i.e. Alt-1).
-	Different phase rotations are applied on the repetitions.
Samsung
Proposal 6: Repetitions of PRACH sequence can be mapped to contiguous RBs for Alt1
Qualcomm
MCL table for 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




MCL table for 30 kHz
	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


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.

Ericsson
	Parameter
	Value

	Scheme
	Rel-15
	Alt-1 (Rep 2x)
	Alt-2.1 (Long Zadoff-Chu)

	
	 
	 
	 

	
	ZC139
	ZC139x2
	ZC283

	SCS (kHz)
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	139
	283

	# of repetition (R)
	1
	2
	1

	N_cs
	10
	10
	20

	
	(i.e. 13 shifts)
	(i.e. 13 shifts)
	(i.e. 14 shifts)

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

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

	
	(Contiguous PRB design)
	(Contiguous PRB design)
	(Contiguous

	
	 
	 
	PRB design)

	RACH frequency occupancy (MHz) (1)
	4.17
	8.34
	8.49

	Noise level, Np (dBm) (1)
	-102.8
	-99.8
	-99.7

	SNR (dB) corresponding to 1% missed detection probability
	-5
	-8.6
	-8.7

	P_max (dBm) (2)
	16.2
	19.2
	19.3

	Backoff (dB) (3)
	2.3
	3.4
	2.3

	P_TX (dBm)
	16.2
	19.2
	19.3

	MCL (dB)
	124
	127.6
	127.7

	N_FDM
	4
	2
	2

	Capacity (4)
	413813 =
	213813 =
	228214 =

	
	7176
	3588
	7896



Proposal 8	Support Alt-2.1 for PRACH sequence mapping as follows: Enhance Rel-15 PRACH formats A, B, and C to support one additional Zadoff-Chu sequence length LRA = 283. The size of a PRACH occasion in the frequency domain is doubled compared to Rel-15. Support configuration of only unrestricted PRACH preamble sets, as in Rel-15. FFS: supported values of cyclic shift spacing NCS as well as mapping of logical sequence index i to sequence number u with minimal change to Rel-15.
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