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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)

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.

Agreement:
· Support for Rel-15 NR PUCCH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that block-interlaced based PUSCH can be beneficial. 
· It is beneficial to use the same interlace structure for PUCCH and PUSCH. 
· The following aspects can be considered for interlace waveform based PUCCH design:
· Flexible number of OFDM symbols
· Flexible payload size
· User multiplexing
· Number of formats

Agreement:
· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that interlaced based PRACH can be beneficial. 
· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:
· Interlacing based on PRB or REs
· Targeted cell sizes
· Targeted PRACH capacity
· Targeted false alarm and detection rates
· Targeted timing estimation accuracy
· Number of formats
· Multiplexing with other channels such as block interlaced PUCCH and PUSCH

Initial access and mobility section
Agreement:
The following modifications to initial access procedures are beneficial
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
· 2-step RACH potentially has benefit for channel access

RAN1#94 
Frame structure
Agreement:
· It is identified that being able to operate all DL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits (at least for standalone operation, FFS whether this is benefit is realizable for inter-operator measurements)
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· No need for gaps for measurements on frequencies with a configured serving cell in unlicensed bands
· It is identified that being able to operate all UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands has at least the following benefits 
· Lower implementation complexity (e.g., a single FFT, no switching gaps)
· Lower specification impact
· Common interlace structure
· No need for gaps for transmission of SRS on a configured serving cell in unlicensed bands
· FFS: PRACH benefits
· FFS: same numerology for DL and UL considering switching gap

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

Agreement:
· For scenarios in which a block-interlaced waveform is used for UL transmission, a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS, and potentially for 60 kHz SCS
· Link budget limited cases with given PSD constraint
· It is observed that power boosting gains decrease with increasing SCS
· As one option to efficiently meet the occupied channel bandwidth requirement
· Comparatively less specification impact than Sub-PRB interlace design 
· Design for 60 kHz requires further discussion, e.g., sub-PRB vs. PRB-based block interlace designs
· The following has been observed for sub-PRB block interlace designs
· In some scenarios sub-PRB interlacing can be beneficial in terms of power boosting
· FFS: scenario details, e.g., small resource allocations
· Sub-PRB interlace design has at least the following specification impact:
· Reference signal design (e.g., DMRS)
· Channel estimation aspects
· Resource allocation

Agreement:
· It has been identified as beneficial to support a block-interlaced structure in which the number of interlaces (M) decreases with increasing SCS, and the nominal number of PRBs per interlace (N) is similar for each SCS (in a given bandwidth) at least for 15 and 30 kHz SCS, and potentially 60 kHz depending on supported interlace design
· FFS: M and N for each supported SCS
· FFS: 60 kHz in case a sub-PRB interlace is introduced

Agreement:
· From a RAN1 perspective it has been identified that supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is beneficial from a spectrum utilization point of view
· FFS: Exact number of PRBs per interlace for supported value(s) of M and N
· Note: M is the number of interlaces and N is the nominal number of PRBs per interlace in a given bandwidth
· FFS: Whether or not there are issues in the interlace design in the resource allocation to 2^n1*3^n2*5^n3 in the case of DFT-s-OFDM

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

Agreement:
· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
· FFS: Value of maximum RAR window size

RAN1#94b

Agreement:
· Within a 20 MHz bandwidth, the following candidate PRB-based interlace designs have been identified where M is the number of interlaces and N is the number of PRBs per interlace in a 20 MHz bandwidth. Where two values are listed for N, it means that some interlaces have one more PRB than others (non-uniform interlace design):
· 15 kHz:
· M = 12, N = 8 or 9
· M = 10, N = 10 or 11
· M = 8, N = 13 or 14
· 30 kHz:
· M = 6, N = 8 or 9
· M = 5, N =  10 or 11
· M = 4, N = 12 or 13
· 60 kHz:
· M = 4, N = 6
· M = 3, N = 8
· M = 2, N = 12
· 60 kHz (assuming 26 PRBs is agreed by RAN4 in a 20 MHz bandwidth):
· M = 4, N = 6 or 7
· M = 2, N = 13
· M = 3, N = 8 or 9
· It is up to RAN4 to investigate whether or not the non-uniform interlace structure has an impact on MPR/A-MPR requirements for PUSCH

Agreement: Capture the following in TR 38.889
· Both PRB and sub-PRB interlacing for 60 kHz have been studied. For sub-PRB interlacing the following aspects have been considered:
· Power boosting potential depending on resource allocation size
· PUSCH DMRS configuration aspects
· Channel estimation performance
· Number of REs per interlace unit

Agreement: For carriers with bandwidth larger than 20 MHz, two candidate interlace designs have been identified.
· Alt-1: Same interlace spacing for all interlaces regardless of carrier BW.
· This alternative uses Point A as a reference for the interlace definition
· Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).

initial access and mobility section
Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
· Frequency-domain enhancement
· Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Time-domain enhancements
· For connected mode UE, scheduling of PRACH resources via DCI. 
· Triggered PRACH within TXOP can use a new resource
· For idle mode UE, scheduling of PRACH resources via paging
· Note: potential inefficiency in network resource due to paging across multiple cells
· Additional, new RACH resources are used immediately following detection of DRS transmission
· Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
· Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· FFS: How to handle potential multiple RARs to same UE
· Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
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 ---------------------------------------------

UL Signals
Agreement:
· It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U for the scenario of contiguous allocations due to the fact that they may be configured with bandwidth that meets the minimum temporal allowance of 2 MHz (12/6/3 PRBs for 15/30/60 kHz SCS).
· It has been identified that legacy PUCCH formats PF0/1/4 are not well-suited for NR-U for the scenario of contiguous allocations since they support only single PRB.

Agreement:
It may be beneficial to apply restrictions on the use of DFT-s-OFDM in NR-U to avoid significant design efforts specific to operation in unlicensed spectrum.

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

Agreement:
· It has been identified as beneficial for NR-U to introduce additional flexibility in configuring/triggering SRS compared to NR Rel-15. The following candidate enhancements have been discussed; design details can be further discussed when specifications are developed:
· Additional OFDM symbol locations for an SRS resource within a slot other than the last 6 symbols
· Interlaced waveform
· Additional flexibility in frequency domain configuration

Agreement:
Adopt the following text proposal for Section 7.2.1.2 of TR 38.889:
For carriers with bandwidth larger than 20 MHz, two candidate interlace designs have been identified:
-	Alt-1: Same interlace spacing for all interlaces regardless of carrier BW. This alternative uses Point A as a reference for the interlace definition
-	Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band).
Additional candidates have been identified, but consensus has not been achieved, e.g., (1) for carriers with bandwidth larger than 20 MHz, retain the same number of PRBs per interlace (N) for all interlaces regardless of carrier BW; (2) Partial interlace allocation. Detailed design can be further discussed when specifications are developed taking RF aspects into account.

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

	
	
	



Discussions
DRS
[bookmark: _Ref5288017]SS/PBCH block transmission pattern within a slot
The following agreement was made in RAN1#96:
	Agreement:
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.



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

· Option 1 (seven companies): Vivo, Ericsson, NTT DOCOMO, Qualcomm, Xiaomi, WILUS, LG Electronics
· Option 2 (seven companies): ZTE, Huawei, Nokia, Intel, Samsung, MediaTek, ETRI
· Further evaluation needed (two companies): Sony, CATT
· “gapless design” for NSA and NCD-SSB: Xiaomi

	Company Name
	Position

	ZTE, Sanechips
	Proposal 1: The pattern of Option 2 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 the slot respectively.

	Huawei, HiSilicon
	Proposal 3: SSB pattern that symbol (2, 3, 4, 5) and symbol (9, 10, 11, 12) in the slot shall be supported for SA/CA/DC mode.

	Vivo
	Proposal 1: NR-U supports SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot as NR Rel15.

	Nokia, Nokia Shanghai Bell
	Proposal 1: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot.


	Sony
	Observation 1: If the number of symbols for CORESET#0 is always configured as 1, option 1 is preferable from the perspective of commonality between licensed band and unlicensed band. If the number of symbols for CORESET#0 is configured as 1 or 2, option 2 is preferable from the perspective of DRS coverage.
Proposal 1: The decision on down-selection of SSB pattern options should be made after deciding on the configuration of the number of symbols for CORESET#0.

	Intel
	Proposal-1: Consider new SSB patterns at symbols at symbols 2, 3, 4, 5 and 9, 10, 11, 12 (Option-2) 

	Ericsson
	Proposal 3	The UE assumes Case C SS/PBCH block time domain pattern for both 5 and 6 GHz unlicensed bands. Include this agreement in an LS to RAN4 (see Draft LS in [7]) along with the prior agreement on UE assumption of 30 kHz SCS for SS/PBCH blocks.

	Samsung
	Proposal 1: NR-U shall support Option 2 for the SS/PBCH block pattern in time domain:
- The first SS/PBCH block within a slot is mapped to start from symbol #2;
- The second SS/PBCH block within a slot is mapped to start from symbol #9.

	MediaTek
	Proposal 1: In NR-U, SS/PBCH blocks should be located symbols (2, 3, 4, 5) and (9, 10, 11, 12) in a slot.

	CATT
	Proposal 1：Either of the SSB patterns of Option 1 and Option 2 can be adopted for NR-U.

	ETRI
	Proposal 1: Adopt Option 2 as SSB pattern in NR-U.

	LG Electronics
	Proposal #1: For NR-U, reuse the SS/PBCH block time pattern Cases A and C in Rel-15 NR, that is, adopt Option 1 (SSBs are at symbols {2,3,4,5} and {8,9,10,11} in the slot).

	Spreadtrum
	Proposal 2: Support Option 1 as SSB pattern in a slot, i.e. SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot, where symbol index starts at 0.

	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.

	Qualcomm
	Observation 1: 4-symbol allocation can accommodate the most basic RMSI at MCS-0. Supporting large RMSI is possible from a tradeoff 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.
Proposal 3: SSB pattern in a slot should follow Option 1.

	Beijing Xiaomi Mobile Software
	Proposal 1:  Adopt option1 for the SSB pattern design and gapless design for NSA and none cell-defined SSB.

	WILUS Inc.
	Proposal 2: We prefer Option-1 to reuse NR Rel-15 SS/PBCH block transmission pattern case A for 15KHz SCS and NR Rel-15 SS/PBCH transmission pattern case C for 30KHz SCS.



The support is evenly split between the two options. 

Discussion: 
To further compare the two options, the following should be considered:
· Impact on SIB1 capacity and range:
· When 2 SSBs are transmitted per slot, SIB1 size that can be carried will be limited due to limited 
· Option 1 intends to reuse legacy default SLIV for SIB1
[NTT DOCOMO] Even for option 1, some modifications to default SLIV for SIB1 can be considered e.g., to allow LBT gap at the end of slot.
· Option 2 can support slight larger SIB1 by introducing 5 symbol PDSCH (some spec impact)
· When 1 SSB (the first SSB in the slot) is transmitted, SIB1 size can be larger as full slot PDSCH can be used for SIB1 delivery
[vivo]  Even when 2 SSBs are transmitted per slot, SIB1 size can also span the full slot PDSCH. It could be changed to “when 2 RMSI coresets are configured per slot” and “when 1 RMSI coreset is configured per slot”

· Transmission direction of the DRS burst
· Option 1 may allow short PUCCH at the end of the slot
· Option 2 intends to have the entire DRS as DL burst (no UL)
· TDM multiplexing with CSI-RS or other DL channel
· For PDSCH: 
· Option 1 may allow a short DL PDSCH at symbol 12/13 (supported by default SLIV)
· Option 2 may have some 1 symbol gap when carrying RMSI, but we don’t have 1 symbol PDSCH
· For CSI-RS
· Option 1 allows multiplexing full 20MHz bandwidth CSI-RS at the last 2 symbols
· Option 2 may have some 1 symbol CSI-RS at symbol 6 and symbol 13
· LBT
· Option 1 does not intend to support LBT gap between two SSBs if both transmitted, assume RMSI transmitted.
· Option 2 may use symbol 6 as an LBT gap for the 2nd SSB transmission (with RMSI)
· Need to compare the changes to type B PDSCH
· Discuss together with 1 or 2 symbol PDCCH needed for type0
· We do have a separate discussion point on this

Offline proposal:
Further compare option 1 and option 2 for SSB positions within a slot from the following aspects:
· Impact on SIB1 capacity and range
· The need to change type B PDSCH design
· The need to joint discuss with the configuration of 1 symbol or 2 symbol coreset 0
· The ability to handle short PUCCH in DRS burst
· The impact to RO
· The support of TDM multiplexing with CSI-RS
· The LBT requirement on the 2nd SSBs

Possible way forward:
· Option 1 for SSB positions within a slot
· When the 2nd SSB Type0-PDCCH monitoring is configured to be between the 1st and 2nd SSB in a slot, only single symbol coreset is supported and the type0-PDCCH monitoring is at symbol #7.
· The 2nd SSB Type0-PDCCH monitoring can be configured to be before the 1st SSB in a slot, starting at symbol #0 and only with a two symbol coreset.

Proposal from online:
· Option 1 for SSB positions within a slot
· Note: If equal coverage for all beams is desired when the 2nd SSB Type0-PDCCH monitoring is configured to be between the 1st and 2nd SSB in a slot, only single symbol coreset can be used and the type0-PDCCH monitoring can be configured to be at symbol #7.
Proposal from online:
CORESET for SSB corresponding to second half-slot should start in the second half-slot

Proposed conclusion from online:
Changes to Type B PDSCH transmission are not needed

Proposal from online:
Short PUCCH should be possible in a slot carrying DRS transmissions

Consider the following for above:
· Importance of two symbol CORESET with two SSBs per slot
· Frequency domain offset between CORESET 0 and corresponding SSB

Proposal:
3 symbol coreset #0 not supported for NR-U. 1 and 2 symbol coreset #0 is supported in NR-U

Proposal:
[bookmark: _GoBack]Down-select from the following packages in RAN1 #97:
· Alt 1: Option 1 (legacy) SSB positions in a slot
· Support Type0-PDCCH for the first SSB in symbol (#0, #1) and (#0)
· Support Type0-PDCCH for the second SSB in symbol (#6, #7) and (#6)
· Support: Intel, Qualcomm, LGE, Xiaomi, Oppo, Vivo, Sharp, 
· Alt2: Option 2 SSB positions in a slot
· Support Type0-PDCCH for the first SSB in symbol (#0, #1) and (#0)
· Support Type0-PDCCH for the second SSB in symbol (#7, #8) and (#7)
· Support: HW, HiSi, Nokia, ZTE, NSB, SS, Oppo, Mediatek, Sanechip, ETRI, Panasonic, Intel
· Alt 3: Option 1 (legacy) SSB positions in a slot
· Support Type0-PDCCH for the first SSB in symbol (#0, #1) and (#0)
· Support Type0-PDCCH for the second SSB in symbol (#7)
· Support: DCM, E///,SS, Sony, Vivo, Xiaomi

For freq domain;
Option 1: Rate matching
Option 2: SSB on the side
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



DRS transmission window(s): this is the (set of) interval(s) where the pattern of SSB candidates is realized. 
· Length of the DRS transmission window:
· ZTE: Up to 5 ms DRS Window
· Vivo: Up to 8ms DRS window, could be configurable, e.g. {2ms, 4ms, 6ms, 8ms}.
· Maximum length of actual DRS transmission:
· ZTE: ≤ 1 ms
· Periodicity:
· ZTE: ≤ 20 ms(minimum value of periods can be configured as 20ms or even lower)
· CATT: 40 ms
· Vivo: configurable {40ms, 80ms, 160ms}

This topic is to be further discussed in 7.2.2.2.2. 

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

	Company Name
	Position

	ZTE, Sanechips
	Proposal 7: It is recommended that the duration of the DRS transmission window can be configured as 5ms, the minimum value of periods can be configured as 20ms 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.
Proposal 10: The maximum number of candidate SS/PBCH block is 10 for 15 kHz SCS and 20 for 30 kHz SCS if 5ms DRS transmission window is supported. The maximum number of candidate SS/PBCH block is 10 for 15 kHz SCS and 20 for 30 kHz SCS.

	Vivo
	Proposal 5: NR-U supports flexible configuration of DRS period (e.g. {40ms, 80ms, 160ms}) and DRS window duration (e.g. {2ms, 4ms, 6ms, 8ms}).

	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.

	CATT
	Proposal 2：The default tranmission periodicicty of the DRS (SSB) can be defined as 40ms for initial access.
Proposal 3：The index of the DRS (SSB) can be indicated in the 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.

	NEC
	Proposal 2: Alt 1 (FR2 approach) is adopted for timing derivation.

	Spreadtrum
	Proposal 1: The maximum duration of DRS transmission can be implicitly defined as the maximum time span of the transmitted SSBs, and duration of DRS transmission window can be implicitly defined as time span of all candidate SSB positions.



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 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

	Huawei, HiSilicon
	Proposal 1: When NR-U DRS including RMSI/CSI-RS, multiplexing RMSI PDSCH/CSI-RS with SSB(s) in FDM manner should be supported to meet the OCB requirement.
Proposal 2: When NR-U DRS only consists of SSB(s), duplicated SSB(s) transmission in frequency domain could be supported to fulfill the OCB requirement. 

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

	Nokia, Nokia Shanghai Bell
	Proposal 2: 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
	Proposal-2: Retain single SSB location in frequency with no repetition.

	Ericsson
	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.
Proposal 6	Repetition of SS/PBCH blocks in the frequency domain is not a needed enhancement to Rel-15 specifications and should not be supported.

	Samsung
	Observation 1: The discussion of enhancement to SS/PBCH block in frequency domain should only apply to the scenario of non-cell-defining SS/PBCH block on a cell wherein the SCS of SS/PBCH block is indicated by higher layers.
Proposal 2: There is no need for enhancement to SS/PBCH block in frequency domain (e.g. frequency domain repetition) for NR-U.
- OCB requirement can be met by gNB’s implementation.
Proposal 3: 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;
- the first symbol index for monitoring PDCCH in the Type0-PDCCH CSS set is 0 if the index of the associated SS/PBCH block is even, and the first symbol index for monitoring PDCCH in the Type0-PDCCH CSS set is 7 if the index of the associated SS/PBCH block is odd;
- […]

	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
	Proposal 7: In NR-U SA, standardization impact of CSI-RS for CSI acquisition and channel tracking should be considered:
- LBT impact to CSI-RS configuration;
- Rate matching around CSI-RS for idle-mode UE.
- Multiplexing between SSB and CSI-RS.

	Sharp
	Observation 1: SS/PBCH repetition in frequency domain is not necessary since the bandwidth can be filled up with a PDSCH for RMSI.

	OPPO
	Proposal 3: 	If RMSI is one-to-one mapped with SSB, the FDMed RMSI could be used to satisfy the OCB requirement in SA/DC cases.
Proposal 4: 	If RMSI is not one-to-one mapped with SSB, how to satisfy the OCB requirement in SA/DC cases should be further considered.

	NTT DOCOMO, INC
	Observation 1: Frequency domain repetition of SS/PBCH block would not have an essential necessity for NR-U.
- It would be beneficial to transmit RMSI as part of DRS even in NSA NR-U scenarios.

	Qualcomm
	Proposal 6: Further study the potential enhancement needed for other signal/channels needed to support multiplexing them in DRS, including CSI-RS (TRS), paging PDCCH, paging PDSCH
Observation 7: 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.

	Beijing Xiaomi Mobile Software
	Proposal 2: SSB repetition in frequency domain could be considered in SSB only case.



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 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

On OCB when RMSI is not needed, there seem to be divergent opinions one whether FD repetition of SSB needs to be specified.

Discussion:
Options considered for satisfying the OCB requirement:
· When RMSI is transmitted together with SSB:
· FDM RMSI (and possibly CSI-RS) with SSB: ZTE, Huawei (if RMSI/CSI-RS are needed), Vivo, Samsung, CATT, OPPO, Qualcomm
· When RMSI is not transmitted together with SSB: 
· Repeat SSB: ZTE, Huawei, OPPO, Xiaomi
· Need to further clarify with the proponents if SSB is repeated, is this transparent to the UE, or the UE needs to know the different behaviour of cell with RMSI and without RMSI and adopt different searcher behaviour
· No need to repeat SSB: Nokia, Intel, Ericsson, Samsung, NTT DOCOMO, Sharp, Qualcomm, vivo
· What to FDM multiplex with is essentially decided by gNB scheduler

Offline proposed conclusion:
· gNB will make the proper scheduling and configuration decision to satisfy OCB requirement for DRS transmission.
Online decides no need for the above to be agreed

Discussion:
· For NSA case, further discuss if RMSI is allowed to be transmitted together with non-cell-defining SSBs: 
· Seems that the proponents are mainly interested in the PLMN information in the RMSI

[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.




	Company Name
	Position

	ZTE, Sanechips
	Proposal 2: For NR-U, only index #1 (  = 0 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: In order not to collide with the transmission of SS/PBCH block, the maximum number of CORESET#0 symbols is 2 for NR-U.

	Huawei, HiSilicon
	Proposal 4: NR-U supports both 1 and 2 symbol Type-0 PDCCH configuration, and NR-U should support type-0 PDCCH monitoring start at symbol#0 and symbol#7 within a slot if additional RMSI CORESET monitoring occasion in a slot (e.g. 7th symbol) shall be supported.
Proposal 5: The corresponding Type-0 PDCCH associated with an SSB shall be transmitted within the same slot.

	Vivo
	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.

	Nokia, Nokia Shanghai Bell
	Proposal 5: Time duration of CORESET#0 in NR-U can be 1 or 2 symbols. 
Proposal 6: Support the monitoring of Type0-PDCCH of the 2nd SSB position in a slot starting at symbol #7. 
Proposal 7: Adopt the following principles for the Type0-PDCCH common search space configuration
- Number of consecutive monitoring slots per associated SSB is 1
- Monitoring slot is the same slot where the first associated SSB to a beam is located

	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)
Proposal 4: Starting symbol of Type0-PDCCH common search space should be #0 or #7.
Proposal 5: At least the 3-symbols CORESET#0 configuration is not necessary for NR-U.
- Taking the deployment scenario in unlicensed spectrum into account, it should be decided whether 2-symbols CORESET#0 configuration is necessary or 1-symbol CORESET#0 configuration is always used.

	Intel
	Proposal-3: Consider Type-0 PDCCH monitoring position within a slot in symbols 0 and 7. Consider Type 0 PDCCH monitoring to be configurable with 1 slot (same slot as SSB) or 2 consecutive slots (as in Rel-15). 

	Ericsson
	Proposal 2	Support a configuration of a Type0-PDCCH CSS with two single-symbol monitoring occasions in OFDM symbols 0 and 7 within the same slot (assuming symbol indexing starts at 0).

	MediaTek
	Proposal 2: Similar to NR, NR-U supports that both CORESET and search space configurations for Type-0 PDCCH to be carried by PBCH.

	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.
Proposal 6: If the SSB pattern of the Option 1 is adopted, i.e., the SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot, then the starting positions of the monitoring of Type0 PDCCH are symbols (0, 6).Otherwise, if the SSB pattern of the Option 2 is adopted, i.e., the SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot, then the starting positions of the monitoring of Type0 PDCCH are symbols (0, 7).
Proposal 7: The monitoring duration of the Type0 PDCCH will be 2 OFDM symbols, regardless whether the CORESET duration is 1 or 2 OFDM symbols.

	ETRI
	Proposal 3: Propose at most 2 symbols can be configured as CORESET duration.
Proposal 4: For Type0-PDCCH monitoring occasion,
- In case of 2 symbol-CORESET, #0 and #7 can be set as the starting symbol of Type0-PDCCH of the 1st and 2nd SSB respectively.
- In case of 1 symbol-CORESET, {#0, #1} and {#7, #8} can be set as the starting symbol of Type0-PDCCH of the 1st and 2nd SSB respectively.

	LG Electronics
	Observation #1: For NR-U, one bit in PBCH payload indicating SCS of CORESET #0 can be fixed since SCS for all SS/PBCH blocks and CORESET #0 on a carrier is always the same.
Proposal #2: For NR-U, Type-0 PDCCH monitoring occasions associated with a SS/PBCH block should be confined with the same slot and can be configured as follows.
- Type0-PDCCH monitoring occasions for the 1st SS/PBCH block position in a slot start at symbols #0 and #1 with 1-symbol CORESET or at symbol #0 with 2-symbol CORESET, and those for the 2nd SS/PBCH block position in a slot start at symbols #6 and #7 with 1-symbol CORESET or at symbol #6 with 2-symbol CORESET.

	Spreadtrum
	Proposal 3: RMSI PDCCH can be defined as follows, for SSB/CORESET multiplexing pattern 1, 
- RMSI PDCCH can be configured through the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213.
- When M=1/2, starting symbol of RMSI PDCCH monitoring occasion associated to the second SSB can be indicated in the table, including symbol 1 (existing), 7 and 6.

	Sharp
	Proposal 1: CORESET#0 associated with a SS/PBCH block is mapped just before the SS/PBCH block in time domain.
- 1st SSB position in a slot is associated with CORESET#0 starting from symbol#0 in the slot
- 2nd SSB position in a slot is associated with CORESET#0 in a gap between 1st and the 2nd SSB positions in the slot

	OPPO
	Proposal 2: 	The SSB pattern and/or the RMSI CORESET pattern within a slot should be reconsidered to support at least 2 symbols RMSI CORESET in NR-U.

	NTT DOCOMO, INC.
	Proposal 2: For NR-U, the Type0-PDCCH monitoring configuration supports limited configurations where Type0-PDCCH monitoring occasions are located within a same slot carrying corresponding SS/PBCH block.
- For NR-U, a part of pdcch-ConfigSIB1 in MIB can be used for some other NR-U specific purpose than CORESET#0/SS#0 configuration.

	Qualcomm
	Proposal 5: The resource index table for CORESET0 in NR-U shall allow:
-	2-symbol CORESET0 at symbols 0 and 6
-	1-symbol CORESET0 at symbols 0 and 7

	Beijing Xiaomi Mobile Software
	Proposal 3:  Update the Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space for NR-U.

	WILUS Inc.
	Proposal 3: The starting symbols at both symbol #6 and symbol #7 depending on the symbol length of CORESET#0 can be used as the Type-0 PDCCH candidates of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot.



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.
This understanding is implicit for some contributions,  explicit from others, so positions are not further summarized here

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.

Maximum number of symbols for CORESET0:
· At most two symbols: ZTE, Huawei, Nokia, Sony, Ericsson, CATT, ETRI, LG Electronics, Qualcomm, WILUS, NTT DOCOMO, vivo
· At least two symbols: OPPO
· FFS on whether one symbol is sufficient: Sony
FL Proposal: 
· NR-U supports two-symbol CORESET #0. NR-U does not support 3-symbol CORESET #0 configuration
· FFS if one-symbol CORESET #0 is also supported

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. Some companies made this understanding explicit, not summarized here.

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

Resource Indication signalling: A few companies proposed the exact placement and size of Type0-PDCCH monitoring opportunities shall signalled in PBCH (similar to Rel-15):
· MediaTek, LG Electronics, NTT DOCOMO, Spreadtrum
· FFS whether the number of required RI bits is the same as Rel-15
FL Proposal: 
· The exact placement and size of Type0-PDCCH monitoring occasions shall signalled in PBCH (similar to Rel-15): MediaTek, LG Electronics, NTT DOCOMO. Spreadtrum
· FFS Design details, including the number of bits needed

Number of monitored slots: Most companies consider SSB is multiplexed with a QCL Type0-PDCCH occasion in the same slot. One company proposed to allow two monitored slots per SSB, for RMSI capacity benefits.
· Intel

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
· The QCL’ed SSB positions are as indicated by the Q factor in PBCH
[LGE] Even though FL already mentioned that this depends on the discussion in the related other agenda, we are unhappy for the point that Q factor is signalled in PBCH, which haven’t agreed yet. Instead, I suggest to change it to “FFS on how UE knows where a QCL’ed SSB can be transmitted”.
· FFS: Additional locations the Type0-PDCCH candidates associated with a QCL’ed SSB



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 should be supported in default PDSCH SLIV table as follows, assuming SSB located in symbols {2, 3, 4, 5} and {9, 10, 11, 12} with Option 2:
 - Case 0 (no gap in a slot): {S=8, L=6},  {S=9, L=5}
 - Case 1(a gap at last symbol in every half slot for LBT): {S=1, L=5},  {S=8, L=5}
 - Case 2(a gap at last symbol in every slot for LBT): {S=8, L=5}

	Huawei, HiSilicon
	Proposal 6: NR-U shall support that PDSCH scheduled by Type-0 PDCCH can rate-match around the corresponding SSBs as it facilitates DRS transmission.


	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 7: NR-U UEs shall assume RMSI rate matching 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 rate matching 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.

	Nokia, Nokia Shanghai Bell
	Proposal 3: 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 4: DRS transmission comprising SSB(s) and RMSI transmitted using one TX beam is TDMed with a DRS transmission using another TX beam at gNB.
Proposal 8: For RMSI-PDSCH allocation support at least the following starting symbol S and length L value pairs are needed:
- S = 1, L = 6
- S = 1, L = 5 (one symbol for LBT gap in the end of DRS)
- S = 2, L = 5
- S = 2, L = 4 (one symbol for LBT gap in the end of DRS)
- S = 1, L = 13
- S = 1, L = 12 (one symbol for LBT gap in the end of DRS)
- S = 2, L = 12
- S = 2, L = 11 (one symbol for LBT gap in the end of DRS)
- S = 8, L = 6
- S = 8, L = 5 (one symbol LBT gap in the end of DRS)
- S = 9, L = 5
- S = 9, L = 4 (one symbol LBT gap in the end of DRS)

	Intel
	Observation-4: Whether RMSI rate-matching around SSBs is needed (or can be handled by configuration) depends on the channel and SS raster placement which is currently unknown. Based on our current considerations, RMSI rate-matching around SSB can be beneficial for optimizing RMSI coverage.
Proposal-5: Consider Type B TDRA for RMSI starting at symbols 0, 7 and length 7.

	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.
Proposal 4	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 5	In line with NR Rel-15, mapping of SIB1 around an SS/PBCH block is not supported.

	Samsung
	Proposal 3: 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;
- the first symbol index for monitoring PDCCH in the Type0-PDCCH CSS set is 0 if the index of the associated SS/PBCH block is even, and the first symbol index for monitoring PDCCH in the Type0-PDCCH CSS set is 7 if the index of the associated SS/PBCH block is odd;
- PDSCH of RMSI can rate match around SS/PBCH block(s) within the same slot.

	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.

	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 5: Study further which type of PDSCH mapping is more suitable for RMSI PDSCH scheduling.

	LG Electronics
	Proposal #3: 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
Proposal #4: 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.
“When RMSI PDCCH corresponding to SS/PBCH block #n+1 is transmitted in symbol 6 with 1-symbol CORESET as in Figure 1, the time domain resource allocation for RMSI PDSCH mapping type B starting from symbol 7 and having 5 or 6 symbol duration seems necessary to make LBT gap for other cell’s DRS transmission.”

	NEC
	Proposal 1: Rate matching of PDSCH around SS/PBCH blocks especially for the unknown presence of SS/PBCH blocks transmitting should be discussed.

	Spreadtrum
	Proposal 4: In initial access stage, 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 5: Regarding handling of RMSI PDSCH DMRS collision, the following options can be considered:
- Option-1: Fixing RMSI CORESET offset relative to SSB as 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 6: Regarding TDRA for RMSI PDSCH for half-slot-based RMSI PDCCH, RMSI PDSCH may occupy 5 or 6 symbols.
Proposal 7: In NR-U SA, standardization impact of CSI-RS for CSI acquisition and channel tracking should be considered:
- […]
- Rate matching around CSI-RS for idle-mode UE.
- […]


	Sharp
	Proposal 2: PDSCH length of 5 OFDM symbols with PDSCH mapping type A should be supported for default time domain resource allocation A for normal CP.
Proposal 3: PDSCH with RMSI is not mapped to PRBs for SS/PBCH mapping.
“Even when the PDSCH length is longer than SS/PBCH block, the PDSCH shouldn’t be mapped to the PRBs for SS/PBCH mapping since there is no PDSCH DMRS in the PRBs.”

	OPPO
	Proposal 5: 	DMRS sharing among channels within DRS should be considered in NR-U

	NTT DOCOMO, INC
	Proposal 3: 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).
Proposal 4: For NR-U, the new RMSI PDSCH time domain resource allocation table is defined with at least following configurations.
- {S,L}={1,6} based on Type A
- {S,L}={8,6} based on Type B
- {S,L}={1,13} based on Type A
- {S,L}={1,12} based on Type A
- {S,L}={2,12} based on Type A
- {S,L}={2,11} based on Type A

	Qualcomm
	Proposal 4: Further study if rate matching of RMSI PDSCH around SSBs is supported.

	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:
- At least 1 symbol LBT gap between slots including NR-U DRS transmission to perform Cat-2 LBT with 25us
- To set an LBT gap within a slot for PDCCH/PDSCH transmission at the slot boundary 
- […]



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 consider RM around SSB (14 companies):
· ZTE, Huawei, Vivo, Nokia, Intel, Samsung, CATT, ETRI, LG Electronics, NEC, Spreadtrum, NTT DOCOMO, Qualcomm
  b) No RM around SSB: 
· Ericsson, Sharp?
  c) When RM is not configured/allowed:
i. Set RMSI CORESET offset relative to SSB as 0: 
· Ericsson, Spreadtrum, Qualcomm
ii. No RMSI allocation in SSB PRBS, in any symbol: 
· Spreadtrum (when RMSI PDSCH DMRS collides with SSB), Sharp
  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:
· Handling of DMRS, in particular for DMRS symbols shared with SSB.
· Which SSBs to rate-match around, and how that information is conveyed to the UE
· Whether the feature provides sufficient benefits, to consider for NR-U

New PDSCH allocations: three companies express openness to modify existing PDSCH allocation types (mostly Type-B, for the second half-slot), to better utilize DRS resources:
· Nokia, NTT DOCOMO, LG Electronics, Spreadtrum

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?

Empty symbols at the end of DRS: four companies point to the need to reserve symbol(s) at the end of a DRS unit or burst, for LBT.
· 1-symbol for LBT: Nokia, NTT DOCOMO
· 1 or 2 symbols for LBT: LG Electronics, WILUS
· 1 or 2 symbols for PUCCH, LBT or other channels: Qualcomm, Spreatrum

Discussion: 
· For gap at the end of DRS, is there anything needs to be done in spec, or the scheduler can handle

RMSI PDSCH bandwidth: one  company 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 will impact the default allocation table for Type0-PDCCH. No one expressed any concern regarding such impact, and some companies even made such changes explicit. 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. The discussion can happen together with the SSB position discussion.

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 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 7: Inclusion of RMSI, OSI and paging in DRS is indicated by PBCH.

	Nokia, Nokia Shanghai Bell
	Observation 4: Robustness for RMSI/OSI/paging delivery can be increased by providing UE with configuration of CORESETs and associated search space sets in multiple subbands for SI and paging monitoring as well as for RACH procedure. Whether this is achieved with single cell or multiple cells is FFS.

	Spreadtrum
	Proposal 4: In initial access stage, 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
	Proposal 6: 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
“Default SLIV table for paging shall ensure that [Allocations relevant o paging] are feasible”



Five companies discussed the inclusion of OSI and Paging in DRS (ZTE, Huawei, Nokia, Spreadtrum, 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.
· Nokia would like to increase robustness for OSI and Paging (and RMSI) via multi-band transmission
· 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 between SSBs in the SS Burst, or 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 #5: 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

	OPPO
	Proposal 1: 	SS raster redesign for unlicensed bands should be reconsidered and RAN1 should give some background information and requirements to RAN4.

	Qualcomm
	Observation 7: 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 8: RAN4 should account for the considerations of the above observation, when considering the sync raster point(s) in each 20 MHz channel.



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.

Other companies discuss the LBT category to use for DRS.

	Company Name
	Position

	ZTE, Sanechips
	Proposal 11: Cat4 LBT can be used before the DRS multiplexed with unicast date are transmitted, or DRS burst set starts transmission.
Proposal 12: Cat2 LBT can be considered to be used in the following situations:
- Case 1: before DRS burst (half-slot) transmission within a DRS burst set.
- Case 2: when the length of DRS burst set is configured as 1ms, which is similar to LTE-LAA DRS.
- Case 3: if the adjacent two SSBs within DRS burst set is non-QCL relationship and there is a gap between non-QCL SSB.
  - Preferably, directional LBT can be performed for beam-based SSB transmission within DRS burst.
- Case 4: for case where multiple sub-band case in the wideband operation. 

	Nokia, Nokia Shanghai Bell
	Proposal 9: 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. 

	MediaTek
	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.

	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:
- At least 1 symbol LBT gap between slots including NR-U DRS transmission to perform Cat-2 LBT with 25us
- To set an LBT gap within a slot for PDCCH/PDSCH transmission at the slot boundary 
- 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



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

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

	Nokia
	Proposal 14: SCSs with 15 and 30 kHz should be supported for the short sequence (i.e. length = 139) at least in below 7 GHz for NR-U.

	Ericsson
	[bookmark: _Toc4785767]Proposal 7: As in NR Rel-15, 60 kHz SCS for PRACH is not supported in FR1.

	Samsung
	Proposal 5: NR-U shall support 30 kHz SCS only for PRACH.

	Qualcomm
	Proposal 16: 60 kHz SCS for PRACH is only supported if 60 kHz block interlace for PUCCH/PUSCH is supported and is used only for connected mode. 

	ZTE
	Proposal 14: SCSs with 15 and 30 kHz should be supported for the short sequence (i.e. length = 139) at least in below 7 GHz for NR-U



Feature lead summary: A summary of the company positions on SCS to support for PRACH in provided below:
· 15 kHz: Qualcomm, Ericsson, Huawei, Nokia, ZTE, LG
· 30 kHz: Qualcomm, Ericsson, Samsung, Huawei, Nokia, ZTE, LG
· 60 kHz: Huawei

FL Proposal: 
· SCS of 15/30 kHz is supported for NR-U PRACH 
· FFS: If a 60kHz interlaced PRACH is to be supported for NR-U. If supported, mandatory or optional at UE.

PRACH frequency mapping options and evaluation results
In [1] and [2], companies were encouraged to provide performance results for different frequency mapping alternatives. The table below lists the company observations and proposals related to the frequency mapping of RACH sequences and their performance evaluations.

	Company
	Position

	ZTE
	Results provided for: Contiguous allocation (alt4), contiguous allocation with frequency repeat (alt4) and non-uniform interlace (alt2).
Proposal 15: Non-interlaced structure with repeat M times preamble in frequency domain should be supported at least for NR-U in Rel-16.
Observation 1: Frequency repeat with gap has the best performance in mis-detection probability, timing estimation errors.
Observation 2:  the MCL value of frequency repeat with gap is the largest and is approximate to Rel-15 thanks to its better performances of mis-detection probability.
[bookmark: OLE_LINK20]Observation 3: Frequency repeat with gap has the smallest capacity of PRACH. However, PRACH capacity may not be critical since NR-U is primarily used in a small cell scenario.


	Huawei
	Results provided for Alt1, Alt2, and Alt4 for ZC sequence and proposed Generic sequence for “different sequence lengths”.
Observation 1: A PRB-interlaced PRACH (Alt 1 and Alt 2) has a larger MCL value and smaller timing error than a PRACH with a contiguous frequency allocation (Alt 4) and length-139 ZC sequence.
Observation 2: The PRACH capacity is sufficient (e.g., a preamble reuse factor in the order of 100s for 15 kHz SCS) for the PRB-interlaced schemes (Alt 1 and Alt 2). 
Observation 3: Under PRB-interlaced mapping (Alt 1 and Alt 2), the generic sequence of [5] has lower CM and larger MCL than the ZC sequence.
Observation 4: The NR length-139 ZC sequence has large CM (and in turn low MCL) under PRB-interlaced mapping (Alt 1 and Alt 2) due to the fact that its low CM property is destroyed, and it has large timing error as well as lower maximum transmission power under contiguous mapping (Alt 4) with/without repetition due to the narrow occupied bandwidth.
Observation 5: When the PRACH sequence is allocated contiguously in the frequency domain (Alt 4), a single long ZC sequence outperforms a short ZC sequence with/without repetition in a number of aspects including CM, maximum transmission power, timing error, PRACH capacity and MCL. 
Observation 6: If a Zero Auto-correlation Zone larger than the receiver timing detection window is not possible with uniform frequency resource mapping, it is beneficial to consider non-uniform frequency resource mapping, e.g.,
· Allocation of multiple PRB interlaces,
· Allocation of a subset of PRBs from a set of PRBs obtained from multiple PRB interlaces,
· Non-uniform sequence-to-subcarrier mapping within a PRB.

Observation 7: A frequency-domain repeated ZC sequence will require new methods for dimensioning the cyclic shifts and ordering the root indices. 
Proposal 9. The PRACH preamble in NR-Unlicensed is based on a PRB-interlaced structure.
- FFS: Whether/how to map the preamble sequence to a subset of the REs within each PRB.
Proposal 10: The following methods will be further studied in order to produce an irregular frequency resource allocation for PRACH:
· Allocation of multiple PRB interlaces,
· Allocation of a subset of PRBs from a set of PRBs obtained from multiple PRB interlaces,
· Non-uniform sequence-to-subcarrier mapping within a PRB.
Proposal 12: Alt 4 should be limited to a single long ZC sequence and frequency-domain repeated ZC sequences will not be considered further.
· The following ZC sequence lengths should be considered:
· For 15 kHz SCS: ;
· For 30 kHz SCS: ;
· For 60 kHz SCS: .

	VIVO
	Provides results for Contiguous allocation, frequency domain repeated contiguous allocation and non- uniform interlace.
Observation 1: Msg1 repetition in frequency domain is a straightforward way to meet OCB requirement and requires minor RAN1 spec efforts.
Observation 3: Contiguous PRACH mapping and PRACH repetition in frequency domain can achieve better detection performance and higher MCL compared with PRB level interlaced PRACH. 
Proposal 10: Contiguous PRACH mapping and PRACH repetition in frequency domain based on Rel-15 preamble should be supported to ensure the detection performance of PRACH in NRU.

	Nokia
	Provides results for the following schemes:
· Rel15 A1
· Wideband contiguous “A1” (599 length)
· Frequency repeated Rel15 Format A1 (4 times)
· Non-uniform B-IFDM: All the 12 REs of the 20 PRBs with indexes {0, 1, 5, 7, 12, 13, 17, 18, 20, 21, 27, 28, 30, 31, 35, 37, 41, 42, 46, 47}, which belong to interlaces 0, 1, 2 and 3; [HW R1-1900064]: Length 241
· Rel15 format A2 
· Not provided for Alt1 and Alt3 as they are not suitable
Observation 5: Interlaced PRACH can be multiplexed with PUSCH (interlaced) only by mini-slot resource allocation, which is not attractive.
Observation 6: Regarding the miss-detection probability performance between the considered PRACH designs it can be observed that
· Wideband contiguous and frequency repeated Rel15 Format A1 are superior to others
· About 5 dB gain over the Rel15 A2 format which has double the length in time and about 8 dB gain over the non-uniform B-IFDM option
· Non-uniform B-IFDM and Rel15 A1 are having similar performance
· Longer PRACH format, A2, can be used to compensate the lower TX power allowed for “narrowband” signal
Observation 7: Regarding the time estimation accuracy performance between the considered PRACH designs it can be observed that
· in all options, timing estimation accuracy is within +/-0.5 us
· frequency contiguous options have less variation in accuracy than in B-IFDM option  
Observation 8: Regarding the supported capacity between the considered PRACH designs it can be observed that
· Wideband contiguous PRACH format provides the largest capacity
· Rel15 A1 and A2 provide comparable capacity when number of FDMed ROs is four
· Frequency contiguous options provide around double the capacity of non-uniform PRACH option
· Capacity of frequency repeated Rel15 A1 can be improved by allowing UE to select different preamble in each frequency domain repetition
Observation 9: Regarding the CM analysis between the considered PRACH designs it can be observed that
· Contiguous single preamble options have 95th percentile CM 2.9 dB
· Non-uniform B-IFDM and Frequency repeated Rel15 preamble options have 95th percentile PAPR 4.7 – 5.5 dB, difference to contiguous single preamble options being 1.8-2.6 dB
Observation 10: Regarding the MCL analysis between the considered PRACH designs it can be observed that
· Wideband frequency contiguous options provide best MCL, 3-6 dB gain to other options
· Non-uniform B-IFDM has the worst MCL performance
· Transmission power shortage by Rel15 Formats can be compensated with a longer time domain PRACH format (A2)
Proposal 11: NR-U PRACH preamble sequence is mapped to contiguous subcarriers.
Proposal 12: Consider PRACH preamble design that:
· is continuous in frequency and satisfies OCB requirement when PRACH is transmitted on UE acquired COT
· is continuous in frequency but does not satisfy OCB requirement when PRACH is transmitted on the UL portion of gNB acquired shared COT.

	Intel
	Provides results for the following:
Alt1: R15
Alt2: Contiguous allocation n times repeat (n=4 for SCS=30KHz; n=8 for SCS=15 KHz)
Alt3: Uniform interlace (Alt 1 in our assumption) (N=12; M=8/4 for SCS=15/30 KHz); 
PRB location = [1 5 9 13 17 21 25 29 33 37 41 45 for SCS = 30 KHz; 
                        = [1 9 17 25 33 41 49 57 65 73 81 89] for SCS = 15 KHz
Alt4: Non-unif interlace 1 (10 PRBs on one PUSCH interlace + 2 PRBs on another PUSCH interlace)
PRB location = [1 3 6 11 16 21 23 26 31 36 41 46] for SCS = 30 KHz ;
                        = [1 6 11 21 31 41 46 51 61 71 81 91] for SCS = 15 KHz
Alt5: Non-unif interlace 2 (inter-PRB séparation is varied irregularly and is always >1 MHz)
PRB location  = [1 4 10 13 19 22 28 31 37 40 46 49] for SCS = 30 KHz ;
                        = [1 9 19 27 37 45 55 63 73 81 91 99] for SCS = 15 KHz
Observation 1 : Cubic Metric (CM) formula was optimized and derived for W-CDMA and LTE operating at lower frequencies compared to NR-U. The empirical fitting model was fitted against available PA design and models from 2004 to 2006. Therefore, CM may not be completely suitable for deriving appropriate PA backoff values for NR-U evaluation. For a more accurate source of PA backoff, the MPR analysis conducted by RAN4 would be more suitable.
Observation 2: For 15 KHz SCS
· Uniform interlace (Alt. 3) may potentially offer 5~6 dB MCL gain over other PRACH waveforms only if in-band emission (IBE) requirements are not taken into account. If IBE requirements are taken into account, all interlace schemes potentially suffer from significant PA backoff from IBE requirements. 
· One of the key reasons for reduced MCL gain of Alt. 2 is due to increased noise level (Np) with repeated preamble transmission, even though its backoff is the lowest among other alternatives (except NR-PRACH). However, estimation of Np doesn’t take into account the impact of in-band emission (interference=0 dB is assumed) which may potentially degrade the effective noise level for interlace based schemes where the in-band emission issue is more severe.
Observation 3: For 30 KHz SCS
· Uniform interlace and contiguous mapping schemes offer comparable maximum MCL. 
· Both the non-uniform interlace designs (Alts. 4 and 5) fall short of Alt. 2 by ~ 3dB in terms of MCL.
Proposal-7: Support enhancement of legacy NR short PRACH structure with contiguous RB allocation to meet 80% OCB requirement, if mandated by regulation.
· Different cyclic shifted and/or phase rotated versions of L = 139 sequence are mapped across frequency on contiguous RBs.

	Ericsson
	Provides results for Contiguous allocation, frequency domain repeated contiguous allocation and non-uniform interlace.
Proposal 1: The missed detection probability is defined as the ratio between the total number of missed detections and the total number of transmitted preambles within an observation interval. A missed detection is defined as the event of no preamble detected at all, or only different preamble(s) detected than the one that was sent, or preamble that was sent is detected, but with timing error greater than the maximum value (i.e., 50% of normal CP length).
Proposal 9: Down-select amongst the following two enhanced PRACH schemes identified in the TR 38.889 for the NR-U SI: (1) non-uniform (irregular) PRB-based interlace mapping using the same interlace structure agreed for PUSCH/PUCCH and using a ZC sequence length of 139 (Alt-2 in the TR), and (2) non-interlaced mapping with repetition of the NR Rel-15 PRACH mapping in the frequency domain (Alt-4 in the TR).

	Samsung
	Proposal 4: NR-U shall support continuous-based waveform of NR Rel-15 PRACH with potential repetition in time-domain and/or frequency-domain. 

	Mediatek
	 Observation 1: Applying B-IFDMA structure to PRACH severely degrades the correlation properties of PRACH. In addition, the resolution of timing estimation is significantly reduced.
Observation 2: Sequences set generated by placing sparsely distributed, power boosted REs in an OFDM symbol have all the good properties required for the PRACH in NR-U.

	Panasonic
	Provides results for Alt1, Alt2, Alt3 and Alt4 as per agreement.
Proposal 2: For NR-U PRACH, support Non-uniform PRB-level interlace mapping (Alt-2).

	LG
	Provides results for continuous allocation, frequency repeated continuous allocation and uniform interlace.
Proposal 6: Support the following structures for PRACH preamble sequence mapping in frequency domain for NR-U with consideration of relaxing PSD limitation (per MHz).
Option 1: Mapping of single PRACH sequence over RB(G)-interlace
Option 2: Repetition of multiple PRACH sequences in frequency domain 
Observation #2: Both frequency domain PRACH sequence repetition and the uniform interlaced PRACH mapping could provide better miss-detection performance than the legacy Rel-15 NR PRACH mapping.
Observation #3: Uniform interlaced PRACH mapping and F-domain PRACH sequence repetition can provide reasonable timing estimation performance since the maximum absolute values of timing estimation error in those cases are smaller than half of the normal CP length.
Observation #4: Both F-domain PRACH sequence repetition and the uniform interlaced PRACH mapping could provide better MCL than the legacy Rel-15 NR PRACH mapping.
Observation #5: Both the uniform interlaced PRACH mapping and F-domain PRACH sequence repetition could well operate under NR-U environments in terms of the miss-detection rate, timing estimation performance and MCL.

	OPPO
	Results are provided for legacy PRACH and PRACH repetition in frequency domain (with two repetitions)
Proposal 6: Reuse Rel-15 PRACH ZC sequence and contiguous mapping can be considered for NR-U.

	NTT Docomo
	Results are provided for 
· Alt-1: Uniform RB-level interlace mapping (ZC length = 113)
· Alt-2-1: Non-uniform PRB-level interlace mapping (ZC length = 139, # of used interlaces = 2)
· Alt-2-2: Non-uniform PRB-level interlace mapping (ZC length = 139, # of used interlaces = 4)
· Alt-3: Uniform RE-level interlace mapping (ZC length = 139)
· Alt-4: Non-interlaced mapping (ZC length = 139)
Observation 2: NR-U PRACH preamble could to be detected with comparable performance in all alternatives. 
Observation 3: If ZC length is changed to 113, common uniform PRB level interlace as same as PUSCH can be used and the PRACH capacity can achieve high level.
Observation 4: With non-uniform PRB-level interlace mapping, the performance is not improved even if the number of used interlaces is increased.
Observation 5: With non-interlaced mapping as in Rel-15 PRACH, the PRACH bandwidth is too narrow to meet even temporary exception of OCB requirement in case of 15kHz SCS.
Observation 6: With non-interlaced mapping based on frequency domain repetition, PSD is decreased compared with that of other alternatives.

	Qualcomm
	Results are provided for uniform and non-uniform PRB level interlace with ZC length of 113 and 139, and for legacy PRACH waveform.
Observation 17: Uniform block interlace has the maximum MCL in most of the scenarios in both SCS =15 and 30 kHz.
Observation 18: For uniform interlaces, it is easier to multiplex PRACH across different users as well as with other UL channels.
Observation 19: It is difficult to FDM different users with non-uniform interlaces. The PRACH capacity will degrade due to this.
Observation 20: It is difficult to FDM non-uniform interlaced PRACH with other channels like PUCCH/PUSCH using interlaced allocations.
Observation 21: Contiguous allocations do not meet the OCB constraints, have a much lower MCL values, and cannot be FDM with other interlaced channels.
Proposal 22: Uniform PRB level block interlacing should be considered for PRACH frequency resource allocation.



Feature lead summary: 
13 companies have given their proposals for RACH frequency mapping options. Out of these, 11 companies have provided evaluation results as agreed in RAN1#96. The positions of different companies on PRACH sequence to frequency mapping are summarized below:
· Alt 1: Uniform PRB level interlace mapping: LGE, Qualcomm, Huawei
· Alt 2: Non-uniform PRB level interlace mapping: Huawei, Panasonic, Ericsson
· Alt 3: Uniform RE level interlace mapping: None
· Alt 4: Non-interlaced mapping. Legacy PRACH possibly with frequency domain repetition / longer PRACH sequence: ZTE, Vivo, OPPO, Nokia, Intel, LGE, Samsung, Ericsson
· 2 repetitions in freq: OPPO, VIVO, Ericsson, ZTE, LG
· 4 repetitions in freq: Nokia, Intel (4 repetitions for SCS = 30 KHz; 8 repetitions for SCS = 15 KHz) 
· Wideband contiguous: Huawei
· Alt 5: Non-uniform RE mapping: Mediatek
The results with SCS = 30kHz for these companies are summarized in the table below. 
Note that in the previous agreement, there was a typo says the assumption on NF is -5dB. The Np computation should be updated as below:
Np= -174+10*log10(SCS*L_RA*M)+NF;  where, NF= 5dB
Some companies seem to follow the -5dB for the MCL computation (result in a 10dB higher MCL). In the summary table below, we tried to update the submitted results to use the right NF assumption, but all companies are recommended to double check. Also note the company submissions quoted in Appendix are NOT updated with this change. It is recommended for each company to review the table in appendix and update the results there as well.

[bookmark: _Ref5273071]Table 1. Summary of MCL and capacity results for PRACH
	 
	Alt 4 (Legacy NR)
	Alt4 
with freq rep
	Wideband PRACH
	Alt 1 
with L= 113
	Alt 1 
with L=139
	Alt 2 scheme 1
	Alt 2 scheme 2 

	Company
	MCL
	Capacity
	MCL
	Capacity
	MCL
	Capacity
	MCL
	Capacity
	MCL
	Capacity
	MCL
	Capacity
	MCL
	Capacity

	QCOM
	124
	4416
	 
	 
	 
	 
	128.3
	4480
	128.4
	4416
	126.5
	4416
	127.7
	4416

	Ericsson
	124
	7176
	127.6
	3588
	 
	 
	 
	 
	 
	 
	126.3
	4416
	 
	 

	Intel
	122.2
	 
	125.2
	 
	 
	 
	 
	 
	125.5
	 
	122.2
	 
	123.3
	 

	Nokia
	124.1
	6624
	126.6
	1656
	129.4
	7176
	 
	 
	 
	 
	123.5
	3360
	 
	 

	OPPO
	126.7
	256
	129.2
	128
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	LG
	124
	6624
	128.4
	1656
	 
	 
	 
	 
	128.2
	6624
	 
	 
	 
	 

	Panasonic
	123.3
	4416
	 
	 
	 
	 
	 
	 
	127.1
	4416
	126.3
	4416
	 
	 

	ZTE
	124.6
	11040
	128.1
	2760
	 
	 
	 
	 
	 
	 
	121.3
	11040
	 
	 

	VIVO
	123.6
	7617
	129.7
	1904
	 
	 
	 
	 
	 
	 
	121.4
	7617
	 
	 

	HW
	123
	6624
	126
	1656
	130.1
	7878
	125.7
	3920
	125.7
	3920
	123.9
	3864
	127.1
	2166

	NTT DOCOMO
	123.6
	690
	 
	 
	 
	 
	127
	560
	127
	560
	126.2
	276
	125.2
	138



Discussion:
Different N_cs values have been used for evaluation by companies resulting in different capacity values even for legacy NR (Alt 4). The contiguous allocation (Alt4) with repetition in frequency or longer sequences have better MCL due to higher bandwidth occupancy.
Here is a summary of the pros and cons for the different alternatives:
· Alt 1 (uniform RB level interlace) with M=5, N=10 for 30KHz with ZC113: QC, 
· Pros: MCL is good due to higher Tx power and better frequency diversity; Easy FDM possible with other PRB interlaced channels.
· Cons: Sidelobes present in auto-correlation causes timing error. Need to discuss the consequences. Need new ZC sequence length (113)
· Alt 1 (uniform RB level interlace) with M=4, N=12 for 30KHz with ZC139: LGE, 
· Pros: MCL is good due to higher Tx power and better frequency diversity; Can reuse legacy 139 length ZC sequence
· Cons: Sidelobes present in auto-correlation causes timing error. Need to discuss the consequences. Cannot FDM with M=5 block interlace channels.
· Alt 2 (non-uniform RB level interlace): E///, HW, Panasonic 
· Pros: MCL good due to higher Tx power if properly designed (Though non-uniform, the RBs in the interlace should be placed at least 1MHz away to satisfy PSD limitation); No sidelobe issue like Alt 1 if properly designed.
· Cons: FDM with other channels possible but more overhead due to the non-uniform interlace. More design choices possible, and may not be easy to converge to one design.
· Further clarification on the design seems to be needed on how the RBs are collected for non-uniform interlace (Essentially how to group 48 RBs into 4 groups of 12RBs each for 139 length Alt 2). Different proponents of Alt2 may have different understanding. Please clarify below:
a) Eg (just example for what information to be provided. Not from any company): Alt 2.1, Interlace 0: RB{a,b,c,…}, Interlace 1: {d,e,f,…}, Interlace 2 {g,h,i,…}, Interlace 3 {j,k,l,…}
b) 
· Alt3 (RE level interlace)
· Pros: MCL good due to higher Tx power
· Cons: FDM with other channels is not possible.
· Alt4 without repetition (legacy NR): Nokia, ZTE, Vivo, E///, DCM, Oppo, SS, 
· Pros: No spec change. No waveform design effort. OCB still satisfied (2MHz temporary OCB)
· Cons: MCL about [3]dB lower than interlaced design due to PSD limitation. Not easy to multiplex with other interlaced waveforms (May need partial interlace to support multiplexing). 
· Alt4 with repetition in frequency, or contiguous allocation with long sequences: Nokia (single longer sequence and repetition), ZTE, Vivo, Intel, LGE, E/// (2 repetition), HW (single longer sequence), SS, Oppo
· Pros: Higher MCL compared with no repetition due to wider bandwidth.
· Cons: Same FDM problem as without repetition. Lower capacity for frequency repetition-based approach.
· For Alt 4 with repetition in frequency domain, further clarification needed on how to repeat. The proponents of Alt 4 with freq domain repetition, please clarify below:
a) Eg (Just example of what information to be provided. Not from any company). Alt 4.1: Legacy RACH waveform in adjacent 12 RBs. Two repetitions in adjacent 24 RBs. Same preamble sequence transmitted in the two 12 RB segments.
· Alt 5: Non-uniform RE mapping: Mediatek
· 
Need to further discuss the following before selecting from the options:
· Is the correlation sidelobe with the uniform interlace option within tolerable limit?
· This depends on the cyclic shift length and SCS, and what is the cell size expected.
· May need a consensus on N_cs values for evaluation.
· Is FDM with other channels supported?
· Whether to support non-legacy PRACH sequences?
· Short ZC sequences: 113 (Mainly for uniform interlace mapping)
· Long ZC sequences: 241, 1269, … (Mainly for contiguous frequency mapping)
· Other non-ZC sequences
Discussion:
· Further discuss the above.
· Any more simulations needed? If yes, do we need to fix N_cs (say 13, 17?)

Offline proposal:
· NR-U supports legacy NR PRACH design with ZC 139 mapped to 12 contiguous RBs.
· Further discuss if an enhancement to design a NR-U PRACH to satisfy 80% OCB requirement is needed
· Alt 1: Legacy NR PRACH with repetition (different ZC139 maps to adjacent 12 contiguous RB blocks)
· Alt 2: Longer sequence PRACH maps to contiguous RBS
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139
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

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.
The company positions on PRACH sequence length and design are provided in table below:
	Company
	Position

	ZTE
	Proposal 13: Only a short sequence (i.e. length = 139) should be selected for NR-U.

	Huawei
	Proposal 11: For Alt 1 and Alt 2, the preamble sequence in Proposal 1 of R1-1903933 is adopted.
The sequence length is not constrained to be 139.
Proposal 12: Alt 4 should be limited to a single long ZC sequence and frequency-domain repeated ZC sequences will not be considered further.
· The following ZC sequence lengths should be considered:
· For 15 kHz SCS: ;
· For 30 kHz SCS: ;
· For 60 kHz SCS: .

	Ericsson
	Observation 2: Only the short PRACH sequence length (LRA = 139) is useful for NR-U.

	Samsung
	Proposal 6: NR-U shall support short PRACH preamble formats defined in Rel-15 NR only.

	Mediatek
	[bookmark: _Ref535048277]Proposal 4: The following design principles shall be adopted for PRACH design in NR-U: 
· Good correlation property
· Providing a large number of sequences
· Easy to multiplex other UEs and uplink channels
· Meeting regulation requirements such OCB and PSD

	Fujitsu
	Proposal 1: NR-U only supports preamble formats with sequence length L=139.

	Panasonic
	Proposal 1: PRACH sequence length L=139 only is supported for NR-U.

	Qualcomm
	Proposal 15: The choice of PRACH sequence length depends on the PRACH structure


Feature Lead Summary:
Following are the company positions for the sequence to be used for PRACH:
· [bookmark: _Hlk5107453]ZC sequence: Fujitsu, Panasonic, Ericsson, Samsung, Qualcomm, ZTE, Huawei, LG
· New sequence: Huawei, Mediatek
Options for sequence length: 
· ZC 139: Applicable to non-uniform interlace PRACH design, contiguous repeated legacy PRACH
· ZC 113: Applicable to uniform interlace PRACH design
· Others:  Applicable to contiguous allocation and non-uniform allocations.
FL proposal:
This will be decided jointly with the frequency mapping options discussed in above section.
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

	Huawei
	Proposal 13: NR-Unlicensed PRACH formats are based on NR PRACH formats A and B.

	VIVO
	[bookmark: _Ref528317751][bookmark: PP9]Observation 2: Long PRACH formats are needed only if a few tens of kilometres coverage is expected in unlicensed band. 
[bookmark: PP10][bookmark: _Ref528317752]Proposal 9: If it is allowed that PRACH can be transmitted without meeting the OCB regulatory, some PRACH formats can be excluded, e.g., format 0,1,2,3.

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

	Ericsson
	Observation 3	Only a subset of the short PRACH preamble formats, A1 – A3 and B1 – B4, are useful for NR-U.

	Samsung
	Proposal 6: NR-U shall support short PRACH preamble formats defined in Rel-15 NR only.

	Fujitsu
	Proposal 1: NR-U only supports preamble formats with sequence length L=139.

	Qualcomm
	Proposal 10: When TA can be handled by regular CP for data transmission, time domain aligned PRACH format with other channels can be considered with potential additional time domain spreading. Alternatively, NR format A structure can be extended to interlace PRACH structure.

	ZTE
	Proposal 13: Only a short sequence (i.e. length = 139) should be selected for NR-U.



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
· Alt 2: Support format A and B: Ericsson,  Huawei, ZTE(prefer format B since it has GT), LG
· Alt 2: Support all three formats A, B and C
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 
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

	VIVO
	Proposal 11: 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.

	Nokia
	Proposal 10: 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.

	Ericsson
	Proposal 8: Enhancements to PRACH preamble formats to introduce gaps between time domain PRACH occasions is not supported in Rel-16

	Samsung
	Proposal 8: 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

	Fujitsu
	Proposal 2: For NR-U, NR Rel-15 RO configuration should be enhanced to avoid potential blocking between neighboring time-domain ROs.

	LG 
	Proposal #8: 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 #9: 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).

	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

	Xiaomi
	Proposal 4:  Gap for LBT shall be considered between ROs and for two-step RACH.

	ZTE
	NR-Rel15 is sufficient to configure non-blocking occasions, gaps not supported for Rel-16, since format B has GTP, it can solve this problem.



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:
· [bookmark: _Hlk1720017]NR Rel.15 RO configuration should be enhanced to avoid potential blocking between neighbouring ROs: Vivo, Nokia, Fujitsu, Samsung, LG, Qualcomm, Xiaomi
· NR-Rel.15 is sufficient to configure non-blocking occasions, gaps not supported for Rel-16: Ericsson, ZTE
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

Proposal from online:
· 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

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

	Huawei
	Proposal 14. No solution with specification impact is adopted for handling time-domain multiplexing between PRACH and PUSCH/PUCCH.
PRACH transmission may be blocked by other UEs’ PUSCH/PUCCH transmissions if the UEs are sufficiently close such that they interfere with each other and the timing advance is larger than the RX-to-TX switch time. The agreed 300 m Inter Site Distance (ISD) assumed in the evaluations corresponds to a Round Trip Time (RTT) of 1.2 μs, which is smaller than the CP length for all SCSs and the expected switch time. Hence, the issue will not be severe and the gNB could handle it with implementation specific means.

	Nokia
	Observation 14: LBT blocking due to TA difference between frequency multiplexed PUSCH, PUCCH, and PRACH is not expected in small cell deployments.

	Samsung
	Proposal 7: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.

	Mediatek
	Proposal 4: The following design principles shall be adopted for PRACH design in NR-U: 
· Good correlation property
· Providing a large number of sequences
· Easy to multiplex other UEs and uplink channels
· Meeting regulation requirements such OCB and PSD

	LG
	Proposal 7: Support FDM multiplexing between PRACH and PUSCH/PUCCH in a same (RACH) slot in case of interlaced resource structure based on the following approaches. 
Alt 1: Use of PRACH RB-interlace structure for PUSCH/PUCCH transmission
Alt 2: Mapping of PRACH sequence on RB-interlace defined for PUSCH/PUCCH

	Qualcomm
	Proposal 9: Discuss the timing advance required for NR-U and the time domain interlace PRACH structure. The choice of block interlace PRACH structure such as uniform or non-uniform PRB spacing can depend on the TA requirement.
Proposal 10: When TA can be handled by regular CP for data transmission, time domain aligned PRACH format with other channels can be considered with potential additional time domain spreading. Alternatively, NR format A structure can be extended to interlace PRACH structure.
Proposal 11: When TA cannot be handled by regular CP for data transmission, NR PRACH structure can be extended for interlace PRACH structure. However, adjacent sub-carrier interference needs to be considered when PRACH and other channels are multiplexed on adjacent interlaces or sub-carriers.
Proposal 13: PRACH frequency multiplexing with PUCCH/PUSCH has to be carefully considered along with PRACH frequency allocation.
Proposal 14: Consider the aligned SCS between PRACH and other UL channels to minimize adjacent sub-carrier interference between PRACH and other channels.

	ZTE
	Only TDM of PRACH and PUCCH/PUSCH is supported.



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. One of the main motivations for interlace based PRACH is to be able to FDM with other channels such as PUCCH/PUSCH which also use the interlace waveform. However, use of non-uniform interlace for PRACH may also in some cases necessitate PUCCH/PUSCH puncturing/ rate-matching around the PRACH resources. 
Company positions:
Is FDM of PRACH and PUCCH/PUSCH is supported
· Yes: LGE, Qualcomm
· No: Samsung (at least for initial access), ZTE
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
· FDM of NR-U interlaced PRACH and NR-U interlaced PUCCH/PUSCH

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. 
Summary of company positions: Specification based solution to handle blocking of UEs when PRACH is multiplexed with other channels is necessary
· Yes: Qualcomm, LG
· No: Huawei, Nokia
Discussion: 
· Discuss further if a specification based solution is necessary to handle blocking of UEs when PRACH is FDM with other channels
PRACH on multiple LBT subbands
Description: PRACH opportunities on multiple LBT subbands may help improve channel access probability for PRACH transmissions

	Company
	Position

	Convida Wireless
	Observation 1:  The channel access probabilities for transmission opportunities that are multiplexed in time may be highly correlated—especially if they are grouped closely together in time.
Observation 2:  Configuring additional RACH resources across multiple LBT sub-bands may provide additional robustness without increasing latency.
Proposal 1:  For NR-U, it should be evaluated to configure additional RACH resources across LBT sub-bands at least for RRC CONNECTED mode.
Proposal 2:  When discussing the configuration of additional RACH resources across LBT sub-bands, RAN1 should also discuss whether this will be applicable for UEs in RRC IDLE/RRC INACTIVE mode or only for UEs in RRC CONNECTED mode.


This topic should be discussed in agenda item 7.2.2.2.2 Enhancements to initial access procedure.
PUCCH common resource configuration
Description: If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by higher layer parameter pucch-ResourceCommon in SystemInformationBlockType1 through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial active UL BWP of [image: ] PRBs provided by SystemInformationBlockType1. Only PUCCH format 0 and 1 are supported for this common resource set. These formats are 1 PRB only which may not meet the OCB criterion for the unlicensed band.

	Company
	Position

	Intel
	Proposal-8: To meet OCB requirements for NR-unlicensed operation, enhance PUCCH resource sets before dedicated PUCCH resource configuration (i.e. during initial access) to support interlace based transmission using enhanced PUCCH formats 2 and 3.



This should be discussed in the UL channels and signals agenda item since the PUCCH formats are discussed there.
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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 #96bis. The MCL results are summarized in Table 1 in Section 3.3.2.
ZTE
	[bookmark: RANGE!C3]SCS = 30 kHz
	[bookmark: RANGE!D3]Alt4
	Alt2
	Alt4 (x2)

	Transmitter
	 
	 
	 

	(0) Max Tx power  (dBm)
	23
	23
	23

	(1) P_TX (dBm)=
	16.2
	18
	18.1

	min((5), 23- (6))
	
	
	

	(PSD limit of 10 dBm/MHz)
	
	
	

	Receiver
	 
	 
	 

	(2)RACH frequency occupancy (MHz)
	4.17
	4.17
	8.34

	(3) Noise level, Np (dBm)
	-112.8
	-112.8
	-109.8

	
	
	
	

	(4) SNR (dB)
	-5.6
	-0.5
	-10.2

	(5)P_max (dBm)
	16.2
	18
	19.2

	(6)Backoff (dB)
	2.3
	4.1
	4.9

	(7) MCL = (1) - (4) -(3)(dB)
	134.6
	131.3
	138.1

	95th percentile CM (dB)
	2.3
	4.9
	4.1

	 PRACH capacity 
	11040
	11040
	2760

	root sequences
	138
	138
	138

	cyclic shifts
	10
	10
	10

	FDM
	4
	4
	1

	TDM
	2
	2
	2



Huawei
MCL table for 15 kHz SCS
	Scheme
	 L_RA
	R 
	 per RO
	 per RO
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	 N_FDM
	PRACH capacity

	Alt1-ZC139
	139
	1
	47
	5
	2.085
	-105.8
	-4.48
	21.89
	6.76
	16.24
	126.53
	8
	3312       (48 cells)

	Alt1-GS23x23
	529
	1
	46
	5
	7.935
	-100
	-10.97
	21.79
	3.51
	19.49
	130.46
	2
	12144   (184 cells)

	Alt1-ZC641
	636
	1
	53
	5
	9.54
	-99.2
	-11.44
	22.47
	4.39
	18.61
	129.25
	2
	15360   (212 cells)

	Alt2-ZC241A
	240
	1
	20
	2
	3.6
	-103.4
	-7
	20
	6.09
	16.91
	127.35
	5
	7200     (105 cells)

	Alt2-ZC241B
	240
	1
	40
	4
	3.6
	-103.4
	-7.01
	21.25
	5.49
	17.51
	127.96
	5
	7200     (105 cells)

	Alt2-GS19x19
	361
	1
	57
	6
	5.415
	-101.7
	-9.04
	21.6
	3.45
	19.55
	130.25
	3
	6156       (57 cells)

	Alt4-ZC139
	139
	1
	12
	10
	2.085
	-105.8
	-3.64
	13.17
	0.88
	13.17
	122.62
	8
	18768   (272 cells)

	Alt4-ZC139x2
	139
	2
	24
	10
	4.17
	-102.8
	-8.78
	16.18
	4.86
	16.18
	127.76
	1
	2346       (34 cells)

	Alt4-ZC1259
	1259
	1
	105
	10
	18.885
	-96.2
	-14.45
	22.74
	0.31
	22.69
	133.38
	1
	27676   (419 cells)



MCL table for 30 kHz SCS
	Scheme
	 L_RA
	 R
	 per RO
	 per RO
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	 N_FDM
	PRACH capacity

	Alt1-ZC113
	113
	1
	10
	1
	3.39
	-103.7
	-3.98
	19.74
	4.96
	18.04
	125.72
	5
	3920       (55 cells)

	Alt2-ZC139
	139
	1
	12
	2
	4.17
	-102.8
	-4.55
	18.01
	6.47
	16.53
	123.88
	4
	3864       (52 cells)

	Alt2-ZC241A
	240
	1
	20
	2
	7.2
	-100.4
	-7.1
	20.38
	6.14
	16.86
	124.39
	2
	2880       (42 cells)

	Alt2-ZC241B
	240
	1
	40
	4
	7.2
	-100.4
	-7.05
	21.25
	6.75
	16.25
	123.73
	2
	2880       (42 cells)

	Alt2-GS19x18
	342
	1
	38
	4
	10.26
	-98.9
	-8.82
	21.92
	3.59
	19.41
	127.12
	1
	2166       (32 cells)

	Alt4-ZC139
	139
	1
	12
	5
	4.17
	-102.8
	-4.1
	16.12
	1.07
	16.12
	123.02
	4
	6624       (92 cells)

	Alt4-ZC139x2
	139
	2
	24
	5
	8.34
	-99.79
	-8.26
	19.13
	5.06
	17.94
	125.99
	1
	1656       (23 cells)

	Alt4-ZC607
	607
	1
	51
	5
	18.21
	-96.4
	-11.26
	22.52
	0.53
	22.47
	130.13
	1
	7878     (121 cells)



MCL table for 60 kHz SCS
	Scheme
	 L_RA
	   R 
	 per RO
	 per RO
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	 N_FDM
	PRACH capacity

	Alt1-ZC97
	96
	1
	8
	1 of 3
	5.76
	-101.4
	-3.06
	19.03
	4.67
	18.33
	122.79
	3
	1152       (18 cells)

	Alt1-ZC139
	139
	1
	12
	1 of 2
	8.34
	-99.8
	-4.69
	20.64
	4.39
	18.61
	123.09
	2
	1380       (20 cells)

	Alt2-ZC97A
	96
	1
	8
	2 of 3
	5.76
	-101.4
	-2.87
	19.03
	6.84
	16.16
	120.43
	3
	1440       (21 cells)

	Alt2-ZC97B
	96
	1
	16
	2 of 3
	5.76
	-101.4
	-2.72
	19.41
	6.02
	16.98
	121.1
	3
	1152       (18 cells)

	Alt2-ZC97C
	96
	1
	16
	2 of 3
	5.76
	-101.4
	-2.86
	19.41
	8.41
	14.59
	118.85
	3
	864         (12 cells)

	Alt4-ZC139
	139
	1
	12
	All
	8.34
	-99.8
	-4.5
	19.13
	1.84
	19.13
	123.42
	2
	1932       (26 cells)

	Alt4-ZC139x2
	139
	2
	24
	All
	16.68
	-96.8
	-7.62
	22.14
	5.32
	17.68
	122.08
	1
	966         (13 cells)

	Alt4-ZC283
	283
	1
	24
	All
	16.98
	-96.7
	-7.84
	22.21
	0.96
	22.04
	126.58
	1
	1974       (28 cells)



VIVO
	Scheme
	Alt1-ZC139:
	Alt2-ZC139:
	Alt4-ZC139X2:

	
	Rel-15
	Non-uniform PRB-level interlace mapping
	2 ROs repeated in frequency domain

	SCS
	30KHz
	30KHz
	30KHz

	PRACH sequence length (L_RA)
	139
	139
	139

	# of repetition (R)
	1
	1
	2

	N_cs
	10
	10
	10

	
	
	
	

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

	# of interlaces used by one RO (N_interlace)
	5
	4
	5

	RACH frequency occupancy (MHz)
	4.32
	4.32
	8.64

	Noise level, Np (dBm)
	-112.8
	-112.8
	-109.8

	
	
	
	

	SNR (dB)
	-4.4
	0.72
	-9.1

	P_max (dBm)
	16.355
	19.355
	20.79

	Backoff (dB)
	0dB*
	1.7dB
	1.9dB

	P_TX (dBm)
	16.355
	19.355
	20.79

	MCL (dB)
	133.555
	131.435
	139.69

	N_FDM
	4
	4
	1

	Capacity
	7617
	7617
	1904

	(preambles)
	
	
	

	95% cubic metric(dB)
	-0.2
	1.7
	1.5



Nokia
	Parameter
	Value
	Value
	Value
	Value
	Value

	Scheme
	Alt 4
Rel15 A1
	Wideband contiguous “A1”
	Alt4 x4
Frequency repeated Rel15 A1
	Alt 2
Non-uniform B-IFDM
	Rel15 A2

	SCS
	30KHz
	30KHz
	30KHz
	30KHz
	30KHz

	PRACH sequence length (L_RA)
	139
	599
	139
	241
	139

	# of repetition (R)
	1
	1
	4
	1
	1

	N_cs
	11
	49
	11
	34
	11

	
	
	
	
	
	

	# of RBs used for one RO (N_RB)
	12
	50
	48
	20
	12

	# of interlaces used by one RO (N_interlace)
	5
	5
	5
	4
	5

	RACH frequency occupancy (MHz)
	4.32
	18
	17.28
	7.2
	4.32

	Noise level, Np (dBm)
	-102.65
	-96.45
	-96.62
	-100.43
	-102.65

	
	
	
	
	
	

	SNR (dB)
	-5.1
	-12.8
	-12.5
	-4.8
	-7.8

	P_max (dBm)
	16.35
	22.55
	22.38
	22.38
	16.35

	Backoff (dB)
	2.9
	2.9
	5.5
	4.7
	2.5

	P_TX (dBm)
	16.35
	20.1
	17.5
	18.3
	16.35

	MCL (dB)
	124.1
	129.35
	126.62
	123.53
	126.8

	N_FDM
	4
	1
	1
	2
	4

	Capacity (#preambles)
	6624
	7176
	1656
	3360
	6624

	Capacity (num of cells)
	92
	99
	23
	48
	92



Intel
MCL Table for 15 kHz
	Scheme
	Alt 4 
Rel 15
	Alt 4
ZC 139 with repetition
	Alt 1
Uniform interlace
	Alt 2
Non-unif interlace type 1
	Alt 2
Non-unif interlace type 2

	SCS
	15

	PRACH sequence length (L_RA)
	139

	# of repetition (R)
	1
	8
	1
	1
	1

	N_cs
	Depends on environment/network configuration

	
	

	# of RBs used for one RO (N_RB)
	12
	93
	12
	12
	12

	# of interlaces used by one RO (N_interlace)
	10
	10
	5
	2
	5

	RACH frequency occupancy (MHz)
	2.08
	16.68
	2.08
	2.08
	2.08

	Noise level, Np (dBm)
	-115.8
	-106.78
	-115.8
	-115.8
	-115.8

	
	
	
	
	
	

	SNR (dB)
	DS = 10ns 
	-3.5
	-6.5
	-2.6
	0.6
	-1.5

	P_max (dBm)
	13.2
	22.2
	20.8
	20
	20.8

	Backoff (dB)
	CM
	95%
	2.3
	2.6
	3
	3.9
	4

	
	
	99%
	2.3
	2.7
	3.2
	4.4
	4.8

	
	Backoff determined from MPR analysis
	0 (ref.)
	2.64
	26.18
	14.69
	9.97

	P_TX (dBm)
	CM
	95%
	13.2
	20.4
	20
	19.1
	19

	
	
	99%
	13.2
	20.3
	19.8
	18.6
	18.2

	
	PA Backoff
	13.2
	20.4
	-3.2
	8.3
	13

	MCL (dB)
	DS = 10ns
	CM
	95%
	132.5
	133.7
	138.4
	134.3
	136.3

	
	
	
	99%
	132.5
	133.6
	138.2
	133.8
	135.5

	
	
	MPR
	132.5
	133.7
	115.2
	123.5
	130.3

	N_FDM
	8
	1
	8
	8
	7

	Capacity
	Depends on NCS 



MCL table for 30 kHz
	Scheme
	Alt 4 
Rel 15
	Alt 4
ZC 139 with repetition
	Alt 1
Uniform interlace
	Alt 2
Non-unif interlace type 1
	Alt 2
Non-unif interlace type 2

	SCS
	30

	PRACH sequence length (L_RA)
	139

	# of repetition (R)
	1
	4
	1
	1
	1

	N_cs
	Depends on environment/network configuration

	
	

	# of RBs used for one RO (N_RB)
	12
	47
	12
	12
	12

	# of interlaces used by one RO (N_interlace)
	5
	5
	5
	2
	5

	RACH frequency occupancy (MHz)
	4.17
	16.68
	4.17
	4.17
	4.17

	Noise level, Np (dBm)
	-112.8
	-106.8
	-112.8
	-112.8
	-112.8

	
	
	
	
	
	

	SNR (dB)
	DS=10ns 
	-2
	-5.2
	-1.3
	2
	-0.2

	
	DS=100ns
	-3.2
	-7.9
	-2.7
	-0.4
	-1.5

	P_max (dBm)
	16.2
	22.2
	20.8
	20
	20.8

	Backoff (dB)
	CM
	95%
	2.3
	2.5
	3
	4
	4

	
	
	99%
	2.4
	2.6
	3.2
	4.5
	4.9

	
	Backoff determined from MPR analysis
	0 (ref.)
	2.96
	3.76
	4.78
	4.84

	P_TX (dBm)
	CM
	95%
	16.2
	20.5
	20
	19
	19

	
	
	99%
	16.2
	20.4
	19.8
	18.5
	18.1

	
	PA backoff
	16.2
	20
	19.2
	18.2
	18.2

	MCL (dB)
	CM
	95%
	DS=10ns
	131
	132.5
	134.1
	129.8
	132

	
	
	
	DS=100ns
	132.2
	135.2
	135.5
	132.2
	133.3

	
	
	99%
	DS=10ns
	131
	132.4
	133.9
	129.3
	131.1

	
	
	
	DS=100ns
	132.2
	135.1
	135.3
	131.7
	132.4

	
	MPR
	DS=10ns
	131
	132
	133.3
	129
	131.2

	
	
	DS=100ns
	132.2
	134.8
	134.9
	131.9
	133.4

	N_FDM
	4
	1
	4
	4
	3

	Capacity
	Depends on NCS 



Ericsson
	Parameter
	Value

	Scheme
	Alt4-ZC139
	Alt4-ZC139x2
	Alt2-ZC139

	
	(Rel-15)
	(Repetition 2 times)
	(Non-uniform interlace design in [1], RO1)

	SCS (kHz)
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	139
	139

	# of repetition (R)
	1
	2
	1

	N_cs
	10
	10
	17

	
	(i.e. 13 shifts)
	(i.e. 13 shifts)
	(i.e. 8 shifts)

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

	# of interlaces used by one RO (N_interlace)
	N/A
	N/A
	1 full interlace +

	
	(Contiguous PRB design)
	(Contiguous PRB design)
	2 RBs of a 2nd interlace

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

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

	SNR (dB) corresponding to 1% missed detection proability
	-5
	-8.6
	-5.9

	P_max (dBm) (2)
	16.2
	19.2
	17.6

	Backoff (dB) (3)
	2.3
	3.4
	4.3

	P_TX (dBm)
	16.2
	19.2
	17.6

	MCL (dB)
	124
	127.6
	126.3

	N_FDM
	4
	2
	4

	Capacity (4)
	413813 =
	213813 =
	41388 =

	
	7176
	3588
	4416



Panasonic
	Parameter
	Value

	
	Alt-1
	Alt-2
	Alt-3
	Alt-4

	
	(Uniform PRB-level interlace mapping)
	(Non-Uniform PRB-level interlace mapping)
	(Uniform RE-level interlace mapping)
	(No interlacing mapping)

	Scheme
	Alt1-ZC139
	Alt2-ZC139
	Alt3-ZC139
	Alt4-ZC139

	SCS
	30
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	139
	139
	139

	# of repetition (R)
	1
	1
	1
	1

	N_cs
	17
	17
	17
	17

	
	
	
	
	

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

	RACH frequency occupancy (MHz)
	4.17
	4.17
	4.17
	4.17

	Noise level, Np (dBm)
	-102.7
	-102.7
	-102.7
	-102.7

	SNR (dB)
	-4.51
	-4.53
	-4.43
	-4.2

	P_max (dBm)
	20.79
	20.41
	22.04
	16.35

	Backoff (dB)
	3.08
	3.93
	2.33
	2.33

	P_TX (dBm)
	19.92
	19.07
	20.67
	16.35

	MCL (dB)
	127.1
	126.3
	127.8
	123.3

	N_FDM
	4
	4
	4
	4

	Capacity
	4416
	4416
	1104
	4416



LG
	Parameter
	Value
	Value
	Value

	Scheme
	Alt4 Rel-15 
(Case 1)
	Alt1-ZC139 
(Case 2)
	Alt4-ZC139x2 
(Case 3)

	SCS
	30 kHz
	30 kHz
	30 kHz

	PRACH sequence length (L_RA)
	139
	139
	139

	# of repetition (R)
	1
	1
	2

	N_cs
	11
	11
	11

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

	# of interlaces used by one RO (N_interlace)
	-
	1 (M=4 for 30kHz, M=8 for 15kHz)
	-

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

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

	SNR (dB)
	-5
	-6
	-9.4

	P_max (dBm)
	10+10log10(4.17) = 16.2
	10+10log10(12) = 20.8
	10+10log10(8.34) = 19.2

	Backoff (dB)
	1.975
	3.563
	2.127

	P_TX (dBm)
	min(16.2, 23-1.9750) = 16.2
	min(20.8, 23-3.5630) = 19.437
	min(19.2, 23-2.127) = 19.2

	MCL (dB)
	16.2-(-5)-(-102.8) = 124.0
	19.437-(-6)-(-102.8) = 128.237
	19.2-(-9.4)-(-99.8) = 128.4

	#NAME?
	
	
	

	N_FDM
	4
	4
	1

	(# of ROs in 20MHz)
	
	
	

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



OPPO
	Parameter
	Value

	Scheme
	Alt4-ZC139x2
	Alt4-ZC139x2
	Alt4-ZC139x2
	Alt4-ZC139x2

	SCS
	15KHz
	15KHz
	30KHz
	30KHz

	PRACH sequence length (L_RA)
	139
	139
	139
	139

	# of repetition (R)
	1
	2
	1
	2

	N_cs
	8
	8
	17
	17

	
	
	
	
	

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

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

	RACH frequency occupancy (MHz)
	2.085
	4.17
	4.17
	8.34

	Noise level, Np (dBm)
	-116
	-113
	-113
	-110

	
	
	
	
	

	SNR (dB)
	-8
	-10.3
	-7.5
	-10

	P_max (dBm)
	13.2
	16.2
	16.2
	19.2

	Backoff (dB)
	-
	-
	-
	-

	P_TX (dBm)
	13.2
	16.2
	16.2
	19.2

	MCL (dB)
	137.2
	139.5
	136.7
	139.2

	N_FDM
	8
	4
	4
	2

	Capacity
	512
	256
	256
	128

	
	
	
	
	



NTT DOCOMO
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Qualcomm
MCL table for 15 kHz

	Freq. alloc scheme
	SCS
	 Num of RBs
	 N_cs
	 Freq. span
	Actual BW
	Noise (dBm)
	Required SNR (dB)
	Max TxPwr (dBm)
	MCL
	CM
	N_FDM
	Capacity

	Alt1- ZC 139
	15
	12
	17
	16.02
	2.085
	-105.81
	-5.92
	19.9
	131.6
	3.1
	8
	8832

	Alt2- Non uniform 1- ZC 139
	
	12
	
	19.08
	2.085
	-105.81
	-5.8
	18.73
	130.3
	3.34
	8*
	8832

	Alt2- Non uniform 2- ZC 139
	
	12
	
	19.08
	2.085
	-105.81
	-6.05
	18.73
	130.6
	3.99
	8*
	8832

	Alt4- ZC 139
	
	12
	
	2.085
	2.085
	-105.81
	-4.63
	13.2
	123.6
	2.34
	8
	8832

	Alt1- ZC 113
	
	10
	13
	16.38
	1.695
	-106.71
	-4.84
	19.76
	131.3
	3.24
	10
	8920

	Alt2- Non uniform 1- ZC 113
	
	10
	
	15.66
	1.695
	-106.71
	-5.26
	19.4
	131.4
	3.6
	10*
	8920

	Al4- ZC 113
	
	10
	
	1.695
	1.695
	-106.71
	-3.71
	12.29
	122.7
	2.69
	10
	8920



MCL table for 30 kHz
	Freq. alloc scheme
	SCS
	Num of RBs
	N_cs
	Freq. span
	Actual BW
	Noise (dBm)
	Required SNR (dB)
	Max TxPwr (dBm)
	MCL
	CM
	N_FDM
	Capacity

	Alt1- ZC 139
	30
	12
	17

	16.05
	4.17
	-102.799
	-5.7
	19.9
	128.4
	3.1
	4
	4416

	Alt2- Non uniform 1- ZC 139
	
	12
	
	18.57
	4.17
	-102.799
	-5.46
	18.29
	126.5
	3.74
	4*
	4416

	Alt2- Non uniform 2- ZC 139
	
	12
	
	17.49
	4.17
	-102.799
	-5.86
	19
	127.7
	4
	4*
	4416

	Alt4- ZC 139
	
	12
	
	4.17
	4.17
	-102.799
	-4.81
	16.35
	124
	2.34
	4
	4416

	Alt1- ZC 113
	
	10
	13
	16.35
	3.39
	-103.698
	-4.84
	19.76
	128.3
	3.24
	5
	4480

	Alt2- Non uniform 1- ZC 113
	
	10
	
	16.35
	3.39
	-103.698
	-4.9
	19.41
	128
	3.59
	5*
	4480

	Al4- ZC 113
	
	10
	
	3.39
	3.39
	-103.698
	-3.93
	15.56
	123.2
	2.7
	5
	4480
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Parameter Notes

Scheme

Uniform PRB-level

interlace (use 1

interlace, ZC113x2)

Non-uniform PRB-

level interlace (use

2 interlaces,

ZC139x2)

Non-uniform PRB-

level interlace (use

4 interlaces,

ZC139x2)

UIniform RE-level

interlace (use all

interlaces,

ZC139x2)

Non-

interlace(ZC139x2)

Eg. Alt4-ZC139x2

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

PRACH sequence

length (L_RA)

113 139 139 139 139 Eg. 139,

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

# of RBs used for one

RO (N_RB)

10 12 12 12 12

# of RBs occupied by PRACH. Eg. 12 for ZC139

design

# of interlaces used by

one RO (N_interlace)

1 2 4 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)

3.39 4.17 4.17 4.17 4.17

The actually used bandwidth with one RO,

SCS*L_RA*R

Np= -174+10*log10(SCS*L_RA*R)+NF

NF=-5dB

SNR (dB) -2.9 -3.5 -3.4 -3.9 -4.5

SNR needed at 1% misdetection, read from

simulation curve

P_max (dBm) 20.41 20.79 20.79 22.9 16.35

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) 2.21 3.11 4.01 2.3 2.3

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) 20.41 19.89 18.99 20.7 16.35

P_TX=min(P_max, 23- Backoff) is maximum

allowed transmit power for the waveform

considering backoff

MCL (dB) 167.008003 166.1886395 165.1886395 167.3986395 163.6486395 MCL = P_TX-SNR-Np

N_FDM 5 2 1 5 5 # of ROs in 20MHz

Capacity 560 276 138 690 690

Across all ROs in 20MHz. Should report any

constraints on ISD for the scheme evaluated.

Eg. 11

Noise level, Np

(dBm)

-143.698003 -142.7986395 -142.7986395 -142.7986395 -142.7986395

Value

N_cs 11 11 11 11 11


