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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



Discussions
DRS

[bookmark: _Ref1732082]SS/PBCH block transmission pattern within a slot
There are multiple alternative proposals on the SS/PBCH block transmission pattern within a slot.
· A. Legacy case A (15 kHz) with two SSBs per slot with SSBs at symbol (2,3,4,5) and (8,9,10,11)  
· B. Legacy case B (30 kHz) with two SSBs per slot with SSBs at symbol (4,5,6,7), (8,9,10,11) in even slot and (2,3,4,5), (6,7,8,9) in odd slot  
· C. Legacy case C (30 kHz) two SSBs per slot with SSBs at symbol (2,3,4,5) and (8,9,10,11)
· D. New three SSBs per slot for NSA CC with SSBs at symbols (2,3,4,5), (6,7,8,9) and (10,11,12,13)
· E. New two SSBs per slot pattern for SA/DC mode with SSBs at symbols (3,4,5,6) and (10,11,12,13)
· F. New two SSBs per slot pattern for SA/DC mode with SSBs at symbols (2,3,4,5) and (9,10,11,12)
Options A and C are proposed by eleven companies (ZTE, Vivo, Mediatek - if smallest DRS is a slot, CATT, Sony, ETRI, NEC, Spreadtrum, NTT Docomo, Xiaomi, Wilus, Qualcomm)
Option E is proposed by two companies (Huawei, Oppo)
Option F is proposed by six companies (Huawei, Mediatek – if smallest DRS unit is a half-slot, Oppo, LGE, Samsung, Nokia)
Option D is proposed by one company (Huawei), for the Carrier Aggregation configuration.
One company (Ericsson) proposes further study on whether Option C is sufficient, or requires modification for NR-U.
One company (Wilus) expressed interest in ensuring inter-SSB gaps in DRS for beam-based LBT
	Company Name
	Position

	Huawei
	Proposal 3: NR-U should support different SSB patterns depending on whether RMSI/OSI/paging are included in NR-U DRS. 
· In NR-U LAA mode, an SSB pattern with 3 consecutive SSB locations per slot as shown in Figure 1 should be supported.
· In DC or SA mode, SSB pattern with 2 non-consecutive SSB locations per slot should be supported. Two sets of SSB candidate positions within a slot as shown in Figure 2 can be considered. 
· Alt 1: symbol (2, 3, 4, 5) and symbol (9, 10, 11, 12)
· Alt 2: symbol (3, 4, 5, 6) and symbol (10, 11, 12, 13)

	ZTE
	Proposal 1: For 15 kHz SCS, SS\PBCH block pattern within a slot for NR-U can reuse NR Rel-15 Case A.
Proposal 2: For 30 kHz SCS, SS\PBCH block pattern within a slot for NR-U can reuse NR Rel-15 Case C  with high priority. 
Proposal 10: SS/PBCH block should access an NR-U carrier with high priority, e.g., Cat 2 LBT with a fixed/short sensing interval.

	Vivo
	Proposal 3: NR-U supports SSB pattern Case A and Case C for 15KHz and 30KHz SCS respectively in all FR1 unlicensed bands.

	Mediatek
	Proposal 1: If the DRS shift granularity is one slot, adopt Case A and Case C for SS/PBCH block structure for SCS=15kHz and SCS=30kHz, respectively. However, if the SS/PBCH shift granularity is half-slot, modify Case A and Case C with SSBs located at symbols of (2, 3, 4, 5) and (9, 10, 11, 12). 

	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.
[image: 绘图05]
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	CATT
	Proposal 1：For the transmission of the SS/PBCH blocks with 15kHz SCS, NR-U uses the same pattern as Case A defined for the  SS/PBCH blocks with 15kHz SCS in NR;
Proposal 2: For the transmission of the SS/PBCH blocks with 30kHz SCS, NR-U uses the same pattern as Case C defined for the  SS/PBCH blocks with 30kHz SCS in NR;

	LGE
	Proposal #1: For NR-U, two SS/PBCH blocks are located at symbol (2,3,4,5) and (9,10,11,12) per each slot.


	Sony
	Proposal 1: Candidate SSB positions within a slot should reuse Rel-15 SSB locations.
· For 15 kHz SCS, Case A should be applied.
· For 30 kHz SCS on standalone cell, Case C should be applied.

	Samsung
	Proposal 2: Consider a new SS/PBCH block pattern for 30 kHz:
•	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.

	Nokia
	Proposal 1: For 15 kHz SCS, apply Rel15 SS/PBCH block transmission pattern case A with the modification where the first symbol of the second candidate SS/PBCH block in a slot has index 9.
Proposal 2: For 30 kHz SCS, apply Rel15 SS/PBCH block transmission pattern case A with the modification where the first symbol of the second candidate SS/PBCH block in a slot has index 9.
Proposal 3: Adopt a single transmission pattern for 30 kHz SCS for the case with and without transmitted RMSI, similar to 15 kHz SCS. 

	ETRI
	Proposal 1: Reuse NR Rel-15 SSB transmission pattern case A and C for 15kHz and 30kHz SCS respectively.

	NEC
	Proposal 1: For 15KHz SCS, reuse NR Rel-15 SS/PBCH transmission pattern case A. For 30KHz SCS, reuse NR Rel-15 SS/PBCH transmission pattern case C.

	Spreadtrum
	Proposal 2: In NR-U SA, for SSB time pattern within a slot:
-	For 15KHz SCS, reuse NR R15 SSB pattern case A;
-	For 30KHz SCS, reuse NR R15 SSB pattern case C.

	NTT Docomo
	Proposal 1: For SS/PBCH block time domain transmission pattern within a slot:
•	For 15KHz SCS, reuse NR Rel-15 SS/PBCH block transmission pattern case A
•	For 30KHz SCS initial access, reuse NR Rel-15 SS/PBCH transmission pattern case C

	Xiaomi
	Proposal 1:  Prioritize the cell-defined SSB pattern design and study the none cell-defined SSB pattern further.
Proposal 2: For 30KHz SCS initial access, reuse NR Rel-15 SS/PBCH transmission pattern case C, however, supporting start at symbol #6 for the monitoring of Type0 PDCCH.

	Wilus
	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
Proposal 2: We prefer 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.

	Ericsson
	Proposal 7	If the UE is configured with SCS for SS/PBCH block(s) on an unlicensed serving cell (i.e., for non-standalone operation), the UE may assume the SS/PBCH block(s) are transmitted with the following time domain pattern:
a.	Case A if 15 kHz SCS configured as in NR Rel-15
b.	Same pattern as for DRS with RMSI if 30 kHz SCS is configured. FFS: Case C or modified Case C pattern.

	Qualcomm
	Proposal 1: SSB frame configuration should follow Rel-15 Case C for 30 kHz (including initial access), and Case A (15 kHz SCS, based on higher layer configuration). 

	Intel
	We discuss this issue from the point of view of PSS accumulation hypotheses (within a DRS burst) in R1-1903322. We note that if we allow 0.5 slot shift granularity for 15kHz case retaining legacy pattern Case A leads to an increase in the PSS accumulation hypotheses. Our proposal is to discuss Option A and whether a new pattern is warranted for 15kHz considering this aspect.



Even though a few companies are proposing beam based LBT for SSB transmissions, the majority view is that this is not needed for FR1 operation, and there is no clear definition or regulatory requirement on how to perform directional LBT. 
FL proposal:
· Beam based LBT is not considered in Rel.16 NR-U

On SSB pattern within a slot, there are many proposals on the table. Option A/C/F have more supporting companies, and hence we propose the following:
FL proposal:
· Down-select from the following options for SSB pattern  
· Option 1: SSBs are at symbol (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.

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. 
· How this window is realized:
· ZTE Alt-3: additional SS/PBCH block transmission opportunities in the half frame window.
· ZTE Alt-4: additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set.
· Length of the DRS transmission window:
· ZTE, Nokia: Up to 5 ms DRS Window
· Vivo: Up to 8ms DRS window, could be configurable, e.g. {2ms, 4ms, 6ms, 8ms}.
· [bookmark: _Hlk1835249]Maximum length of actual DRS transmission:
· ZTE: ≤ 1 ms
· Nokia: (suggests cat-2 LBT, so perhaps 1 ms?)
· NTT Docomo: ≤ 1 ms, at least for the CA case
· Ericsson: ≤1 ms for CAT-2 LBT?
· Periodicity:
· ZTE: 20 ms
· Nokia: ≥ 40 ms
· Vivo: configurable {40ms, 80ms, 160ms}
· Samsung: SSB and DRS periodicities should match

On timing derivation from DRS:
· Nokia: similarly, as in Rel15 at FR2 (i.e. 3 LSBs of SSB index carried in DMRS and MSBs of SSB index carried in PBCH payload bits), but reduce the use of bits in PBCH by using static IEs in RMSI to derive timing:
· X: the number of transmitted sequences
· R: number of repeated SSBs
· Sony: DMRS of PBCH carries up to 3 bits. Additional bits for timing acquisition should be carried by PBCH payload.
· Ericsson: The UE determines the frame timing in the same way as in NR Rel-15 based on the decoded SS/PBCH block index and the half-frame indicator.

Candidate opportunity
	Company Name
	Position

	ZTE
	Proposal 3: It is recommended that the duration of the DRS transmission window can be configured as 5 ms, periods can be configured as 20 ms. 
Proposal 4: DRS duration within the DRS transmission window is determined depend 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 1ms.
Proposal 5: The maximum number of candidate SS/PBCH block is 10 for 15 kHz SCS and 20 for 30 kHz SCS if 5 ms 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.
Proposal 6: In order to enhance SSB and DRS transmission opportunities in NR-U carrier, the following at least one of design principle can be considered:
· Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set. 
· Configure multiple candidate SS/PBCH block burst sets within a period of DRS. 

	Vivo
	Proposal 4: 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 of PBCH carries up to 3 bits. Additional bits for timing acquisition should be carried by PBCH payload.

	Nokia
	Proposal 5: 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 11: The duration of DRS transmission window is at most 5 ms, periodicity is ≥ 40 ms, and Cat 2 LBT is applied prior to DRS transmission. 
Proposal 12: Maximum number of SSB candidate positions, Y, within a DRS transmission window is:
	10 with 15 kHz SCS
	20 with 30 kHz SCS
Proposal 13: Support UE performing RRM measurements of the neighbour cells without need to read the PBCH of the measured cells.
Proposal 14: To recover the beam index of the SSB, the UE performs an operation mod(floor(s/R),X) where, R and X are informed in RMSI or in dedicated signalling (for neighbour cell measurements), s denotes the DMRS sequence index and R is the number of repeated SSBs for each transmitted beam.
Proposal 15: The UE determines the timing t=S_tx*c+s , where c is the cycle index indicated in the MIB, S_tx is the number of cycled/transmitted DMRS sequences from the total number of sequences S_tot and given by the number of transmitted beams X as the maximum integer multiple of the number of transmitted beams per cell multiplied by the repetition factor R*X*i, subject to R*X*i≤S_tot, and s denotes the DMRS sequence index.

	NTT Docomo
	 “In case of non-standalone NR-U operation, configurations for SS/PBCH block(s) and CSI-RS resource(s) can be provided to the UE via RRC. CSI-RS resource mapping in Rel-15 NR is flexible enough to meet OCB requirement and to fill some time gap within DRS duration of less than 1ms.”

	NEC
	Proposal 2: Reuse the reserved SSB index bits in FR1 for timing derivation.
Proposal 3: In NR-U, the QCL assumption of SSB is derived based on the predefined assumption of time interval at UE.

	Spreadtrum
	Proposal 1: In NR-U SA, properties of DRS can be defined as follows:
-	Gaps within DRS could be up to gNB implementation, if gaps between SSBs are well defined.
[…]
-	The maximum duration of DRS transmission can be implicitly defined as time span of RMSI PDCCH/PDSCH and SSBs with the maximum number of transmitted SSBs.
-	Duration of DRS transmission window can be implicitly defined as time span of RMSI PDCCH/PDSCH and SSB with the maximum number of candidate SSB positions.

	Ericsson
	“The length is restricted to 1 ms in order to use Cat-2 LBT in-line with agreements in the SI phase [1] Section 7.2.1.3.1:”



This topic is to be further discussed in 7.2.2.2.2. 
FL Proposal: Initial access UE assumes DRS transmission period is 40ms

Discussion: there is still significant variation for this section’s topic. We propose to start by addressing the following topics:
· What is the maximum size of a DRS window?
· Should it exceed the maximum COT of a RAT that shares the medium with the NR-U node?
· Does Y (the number of SSB candidates) depend on SCS?
· In any one period, how is timing derived?
· For timing with respect to half frame boundary
· Alt 1 (FR2 approach): PBCH DMRS + b3b4b5 field in the PBCH payload
· Alt 1a (modified FR2 approach): PBCH DMRS + b3b4b5 field in the PBCH payload + where PBCH payload is interpreted based on RMSI static IEs
· Alt 2 (New design with): PBCH DMRS + additional timing offset field in PBCH
· Alt 3: Increase of PBCH DMRS sequences, from 8 to Y
· Other alternatives?

[bookmark: _Ref1732899]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.



Options considered for satisfying the OCB requirement:
· SA/DC/CA (unless otherwise noted):
· FDM[footnoteRef:2] RMSI (and possibly CSI-RS) with SSB: Huawei (SA/DC only), AT&T, CATT, Nokia, ETRI, Sharp, NTT Docomo (SA/DC only), OPPO [2:  For the purposes of the OCB requirement discussion, rate-matching proposals are considered under the FDM category.] 

· “by gNB scheduling”: Xiaomi
· FFS on CSI-RS multiplexing: Sharp, Spreadtrum
· CA: 
· Multiplex SSB and CSI-RS: NTT Docomo, 
· Repeat SSB: Huawei, ZTE, OPPO

Regarding CORESET #0 for type0-PDCCH configuration:
· The configuration of CORESET #0 for type0-PDCCH should satisfy the OCB requirement: Mediatek, Nokia, NTT Docomo, Ericsson

	Company Name
	Position

	Huawei
	Proposal 1: When NR-U DRS including RMSI/CSI-RS, multiplexing RMSI /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.

	ZTE
	Proposal 9: To meet OCB regulation requirements, one of 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: If there is PDSCH transmission, SS/PBCH block and RMSI PDSCH multiplexed in frequency domain


	Mediatek
	Proposal 2: CORESET configurations for Type0-PDCCH in NR-U should meet the OCB requirement.

	AT&T
	Proposal 1:
[…]
•	Signals and channels comprising the DRS can be transmitted in a frequency-division manner
[…]
Proposal 2: RAN1 to discuss the benefit of including RMSI in the DRS transmission even in non-standalone operation to resolve PCI confusion when several operators deploy NR-U in overlapping spectrum

	CATT
	Proposal 3: NR-U may consider using the RM of the PDSCH scheduling around the SSB within the DRS transmission duration for meeting OCB requirement.
Proposal 4: 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.

	Nokia
	Proposal 4: Support rate matching around SSB(s) for PDSCH scheduled with SI-RNTI within a DRS signal.
Proposal 6: In NR-U CORESET#0 (CORESET for Type0-PDCCH CSS set) has a bandwidth of 96 PRBs and 48 PRBs for 15 and 30 kHz SCS, respectively.

	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)

	Sharp
	Observation: CSI-RS for tracking cannot be multiplexed in frequency domain with the SS/PBCH block in NR Rel-15. 
Proposal 1: NR-U supports FDM transmission of an SS/PBCH block and a PDSCH carrying SIB1 and/or a PDSCH carrying paging information.

	Spreadtrum
	Proposal 1: In NR-U SA, properties of DRS can be defined as follows:
[…]
-	Bandwidth of DRS is not necessarily to be defined.
[…]
Proposal 4: 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.

	NTT Docomo
	Proposal 2: For NR-U, candidate value(s) for the number of CORESET#0 RBs should be limited to {96} for 15kHz SCS and {48} for 30kHz SCS in order to meet OCB requirement.
“In case of non-standalone NR-U operation, configurations for SS/PBCH block(s) and CSI-RS resource(s) can be provided to the UE via RRC. CSI-RS resource mapping in Rel-15 NR is flexible enough to meet OCB requirement and to fill some time gap within DRS duration of less than 1ms.”

	Xiaomi
	Proposal 4: OCB requirement could be satisfied by gNB scheduling.

	Ericsson
	Proposal 2: The UE expects to be configured with CORESET0 bandwidth of 48 PRBs at least for the case for 20 MHz carriers in unlicensed bands.

	OPPO
	When a NR-U DRS consists of SSB(s) and RMSI(PDCCH+PDSCH), FDM the RMSI PDSCH and the associated SSB could be considered to fulfil the OCB requirements.
When a NR-U DRS only consists of SSB(s), duplicated SSB(s) in frequency domain could be considered to fulfil the OCB requirements.



FL Proposals:
· For SA/DC cell DRS transmission, gNB scheduler is responsible to make the right scheduling decision to satisfy OCB requirement using signals/channel agreed to be multiplexed with SSBs, such as RMSI/CSI-RS
· NR-U does not support different SCS for SSB and corresponding Coreset #0.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.

Discussion 
· RAN1 shall study limitations in multiplexing CSI-RS and SSB in DRS.
· For Scell/PSCell cell DRS transmission, further discuss the following alternatives to satisfy OCB requirement:
· Alt 1: gNB scheduler is responsible to make the right scheduling decision to satisfy OCB requirement, such as multiplexing with PDCCH, PDSCH, CSI-RS
· Alt 2: Introduce RSMI delivery for NSA cells
· Alt 3: SSB design change (wider bandwidth, possibly via repetition in FD)
On 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)



There are proposals to change the Type0-PDCCH monitoring configuration to support gap-less DRS transmission. The options are:
· Add an NR-U specific Type0-PDCCH: 
· Choice of actual symbol position in the second half-slot is driven by the choice of SSB pattern (see section 3.1.1)
· PDCCH collocated with QCL SSB in the same slot: Huawei, Nokia, Samsung, Sony, NTT DOCOMO, LGE,vivo, Sharp
· Nokia: “Number of consecutive monitoring slots per associated SSB is 1” 
· TDM non-QCL-ed DRS allocations: Vivo, Nokia, NTT DOCOMO

Furthermore, one company (Mediatek) proposes to allow Type0-PDCCH configuration for RMSI transmission both within and outside DRS.
	Company Name
	Position

	Huawei
	Proposal 4: NR-U should support monitoring of Type-0 PDCCH of the 2nd SSB position in a slot start at symbol#7.
Proposal 5: The corresponding Type-0 PDCCH associated with an SSB shall be jointly transmitted within the same slot.

	Vivo
	Proposal 1: 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).
[bookmark: PP5]Proposal 5: 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 (e.g. QCL information).


	Mediatek
	Proposal 3: NR-U supports the configuration flexibility that Type0-PDCCH can be transmitted in different slots than SS/PBCH blocks.

	CATT
	Proposal 5: The starting position for monitoring of Type0 PDCCH of the 2nd SSB position in a slot should be at the #6 OFDM symbol in a slot, or both the #6 and #7 OFDM symbols in order to support the duration of {1,2} OFDM symbols for the CORESET#0.

	LGE
	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.
· If the time pattern for Case A/C in Rel-15 NR is reused, 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.
· -	If two SS/PBCH blocks are located at symbol (2,3,4,5) and (9,10,11,12) per each slot, 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 #7 and #8 with 1-symbol CORESET or at symbol #7 with 2-symbol CORESET.

	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.

	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)

	Nokia
	Proposal 8: Support the monitoring of Type0-PDCCH of the 2nd SSB position in a slot starting at symbol #7. 
Proposal 9: 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
Proposal 7: Time duration of CORESET#0 in NR-U can be 1 or 2 symbols. 

	ETRI
	Proposal 3: Both #6 and #7 symbols should be allowed for the starting symbol of Type0 PDCCH of the 2nd SSB.

	Intel
	Proposal 1: Consider locating RMSI CORESET for the first SSB before the SSB within the slot 

	Sharp
	Proposal 2: 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 and CORESET#0 starting from symbol#0 in the slot are associated
· 2nd SSB position in a slot and CORESET#0 in a gap between 1st and the 2nd SSB positions in the slot are associated

	Spreadtrum
	Proposal 3: In NR-U SA, RMSI PDCCH/PDSCH 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.
· Starting symbol of RMSI PDCCH of the 2nd SSB (symbol #6 or #7) can be indicated through the table of multiplexing between SSB and RMSI PDCCH in time domain defined in Clause 13 in 38.213.

	NTT Docomo
	Proposal 3: For NR-U, the PDCCH monitoring occasion for Type0-PDCCH CSS set should be confined within a same slot carrying corresponding SS/PBCH block, as in case of index#1 of Table 13-11 in TS38.213.
Proposal 5: For the case of RMSI PDCCH CORESET with 2 symbols, further modification to improve the performance of RMSI PDSCH associated with 1st SSB in a slot can be considered.

	Ericsson
	Proposal 4	In a DRS containing RMSI with two SS/PBCH blocks per slot, support two Type0-PDCCH CSS monitoring occasions starting in OFDM symbols 0 and 7 (assuming symbol indexing starts at zero).

	Qualcomm
	Proposal 2: NR-U supports at least 2-symbol CORESETS for Type-0 PDCCH for NR-U. For even SSB, the Type0-PDCCH starts at symbol #0. For odd SSB, the Type0-PDCCH starts at symbol #6.

	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.
Two options can be considered,
Option 1: the second candidate SSB position within a slot starts at symbol #9, (or the first candidate SSB position within a slot starts at symbol #3 and the second candidate SSB position starts at symbol #10).
Option 2: the second RMSI CORESET within a slot can be configured at symbol #6.



FL Proposal: 
· NR-U supports transmission of SSB and Type-0 PDCCH of the same QCL in the same slot
· FFS: If other additional type0-PDCCH transmission locations is supported

For the actual location of Type-0 PDCCH monitoring occasion in a slot also depends on the SSB pattern within a slot. 
[LGE] I think at least Type-0 PDCCH monitoring for the 1st SSB can be discussed since 1st SSB time pattern (i.e., at symbol (2,3,4,5)) seems to be maintained for the two options proposed in Section 3.1.1. Then, my proposal is as follows.
· Type0-PDCCH monitoring occasions for the 1st SS/PBCH block in a slot can be configured with:
· 1-symbol CORESET at symbol #0
· 1-symbol CORESET at symbol #1
· 2-symbol CORESET starting at symbol #0
[Sharp] Share the similar view as LG.
Discussion:
· The sizes of Type-0 PDCCH CORESET in DRS (note the 20 mHz proposal in section 3.1.3)
· Further discuss if there is need to add Type0 PDCCH CSS outside DRS window

On 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.”

Rate-matching of RMSI PDSCH around SSB in DRS is proposed by six companies: Huawei (DRS illustration shows RM), CATT, Nokia, ETRI, NTT Docomo, Qualcomm.
· Ericsson, Qualcomm and OPPO point out that channel estimation needs revisiting.
· Etri, Nokia, NTT Docomo and Qualcomm point out the need to address which SSBs need matching around
[bookmark: _Hlk1836145]One company (Ericsson) asks RAN1 to consider the trade-off between the rate-matching capacity benefits, and the need to address channel estimation when RMSI PDSCH DMRS shares a symbol with SSB in Rel-15.
Ericsson further points out that - if rate-matching is absent - a 0-RB gap is needed between SSB and Type-0 CORESET. 

Furthermore, a few companies (NTT Docomo, Xiaomi, Vivo) point out the need for new PDSCH SLIV definitions to support flexible start and length of PDSCH allocations, in particular:
· PDSCH resource allocation in the second half-slot
· to ensure a sufficient LBT gap for LBT before the start of the post-DRS COT.
One company (NTT Docomo) pointed out that a larger RMSI could accommodate a larger payload if the RMSI PDSCH bandwidth could be  slightly larger than the Type-0 CORESET bandwidth:  “51/106 RBs for 30/15kHz SCS, respectively,” instead of 48/96 RBs in the CORESET.

	Company Name
	Position

	Huawei
	

[bookmark: _Ref534903544]Figure 2.  Illustration of NR-U DRS in DC/SA mode

Proposal 3: NR-U should support different SSB patterns depending on whether RMSI/OSI/paging are included in NR-U DRS. 
· In NR-U LAA mode, an SSB pattern with 3 consecutive SSB locations per slot as shown in Figure 1 should be supported. 
· In DC or SA mode, SSB pattern with 2 non-consecutive SSB locations per slot should be supported. Two sets of SSB candidate positions within a slot as shown in Figure 2 can be considered. 
· Alt 1: symbol (2, 3, 4, 5) and symbol (9, 10, 11, 12)
· Alt 2: symbol (3, 4, 5, 6) and symbol (10, 11, 12, 13)


	CATT
	Proposal 3: NR-U may consider using the RM of the PDSCH scheduling around the SSB within the DRS transmission duration for meeting OCB requirement.

	Nokia
	Proposal 4: Support rate matching around SSB(s) for PDSCH scheduled with SI-RNTI within a DRS signal.

	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)

	NTT Docomo
	Proposal 4: For NR-U, following modifications for RMSI PDSCH resource allocation for NR-U are supported.
•	UE rate matching behaviour around candidate SS/PBCH block transmission resources is specified for receiving NR-U RMSI. Following two alternatives can be considered.
· Alt.1: UE assumes that the PRBs containing candidate SS/PBCH block transmission resources within a slot are not available for PDSCH in the OFDM symbols where SS/PBCH block may be transmitted.
· Alt.2: UE assumes that the PRBs containing SS/PBCH block transmission resources within a slot are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. In each SS/PBCH block (e.g., in PBCH payload), whether another SS/PBCH block in the same slot is actually transmitted or not is indicated.
•	For NR-U RMSI PDSCH resource mapping in frequency domain, bandwidth of initial active DL BWP in NR-U is expanded to 51/106 RBs for 30/15kHz SCS, respectively.
•	For NR-U RMSI PDSCH resource mapping in time domain, additional resource allocation pattern such as {S=8, L=6} is at least supported.
In order to insert 1 symbol gap at the end of 1ms DRS burst, additional resource allocation pattern such as {S=8, L=5} can also be supported.

	Vivo
	Proposal 1: 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 2: NR-U supports flexible configuration for time domain length of DRS unit, e.g. between 7 symbols and 14 symbols

	Xiaomi
	Proposal 3: Two symbols reservation for UL at the end of the DRS COT could be considered.

	Ericsson
	Proposal 3	In a DRS containing RMSI, support a 0 RB offset between CORESET0 and the SS/PBCH block(s). 
Proposal 5	In a DRS containing RMSI with two SS/PBCH blocks per slot, 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 6	Discuss the trade-off between required changes needed to Rel-15 specifications to allow PDSCH carrying SIB1 to be mapped “around” an SS/PBCH block and the need for additional resources for SIB1.

	Qualcomm
	Proposal 3: Consider a rate-matching option to the allocation of RMSI PDSCH, around SSBs.
Proposal 4: For rate-matching RMSI PDSCH in DRS, RAN1 shall consider:
· how UE becomes aware of SSB transmissions to rate match around;
· how RMSI PDSCH channel estimation is performed.

	OPPO
	DMRS sharing among channels within DRS should be considered in NR-U (proposed in 7.2.2.1.2 DL signals)

	
	



Discussion: 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 is that information conveyed to the UE
· Whether the feature provides sufficient benefits, to consider for NR-U

Further, RAN1 should consider SLIV for RMSI PDSCH allocations, jointly with:
· Need for post-DRS LBT gap
· Half-slot and full-slot RMSI PDSCH allocation

Further, RAN1 should consider whether the RMSI PDSCH bandwidth could be slightly larger than the Type-0 CORESET bandwidth.


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.



Five companies support including OSI and Paging in DRS (Huawei, ZTE, AT&T, Sharp, Qualcomm).
· Huawei proposes that such multiplexing be signalled in PBCH.
· Qualcomm points out that RAN1 should consider Type-2 PDCCH monitoring and configuration to ensure Paging can be contained in the same COT as DRS.

	Company Name
	Position

	Huawei
	Proposal 6: PBCH within SSB can be used to indicate the inclusion of RMSI, OSI and paging in DRS.

	ZTE
	Proposal 7: In order to achieve no gap between SS/PBCH blocks, existing signals/channels(e.g., CSI-RS, OSI, Paging) in addition to RSMI CORESET#0/PDSCH can be transmitted on the gap between SS/PBCH blocks.
Proposal 8: If the existing signals/channels cannot satisfy the need of filling blank symbols in slot, the follow method can be considered: 1) fill reservation signal. 2) via implementation, which is similar to the processing of blank symbols in LTE-LAA DRS.

	AT&T
	Proposal 1:
•	DRS can include CSI-RS incl. TRS for RRM, beam management, and CSI acquisition as well as PDCCH/PDSCH for RMSI delivery and paging
[…]
•	Signals and channels comprising the DRS are grouped into a single burst that is free of gaps


	Sharp
	Proposal 1: NR-U supports FDM transmission of an SS/PBCH block and a PDSCH carrying SIB1 and/or a PDSCH carrying paging information.

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



Discussion: RAN1 should consider 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

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

	LGE
	Proposal #3: 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

	Samsung
	Proposal 1: RAN1 shall discuss the high level principle on channel raster and synchronization raster designs for NR-U bands, and include the agreements or remaining issues in a LS to RAN4.

	Qualcomm
	Proposal 6: RAN1 shall inform RAN4 the preferences to support one sync raster point in each 20 MHz channel



On sync raster, though the final decision is in RAN4, RAN1 can discuss and indicate the preference to RAN4. 

FL proposal: (try online again)
· From RAN1 perspective, to support faster initial search, the sync raster points per 20MHz can be greatly reduced from Rel.15 NR.
· FFS: Is 1 sync raster point per 20MHz enough

Others


[bookmark: _Hlk1719474]Coverage and Robustness
	Company Name
	Position

	Nokia
	Proposal 10: Support configurable number of QCLed consecutive SSBs in NR-U for configured DRS transmissions. 
Observation 5: 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.

	Ericsson
	Proposal 1	Support soft combining of different SIB1 redundancy versions within the DRS.



LBT
	Company Name
	Position

	ZTE
	Proposal 10: SS/PBCH block should access an NR-U carrier with high priority, e.g., Cat 2 LBT with a fixed/short sensing interval.
Proposal 11: In order to improve the probability of access channel and the accuracy of CCA detection, it is necessary to study directional LBT mechanism for directional SS/PBCH block transmission.

	Wilus
	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 



DRX Indicator
	Company Name
	Position

	Mediatek
	Proposal 4: 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.





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

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

	Qualcomm
	Proposal 12: 60KHz SCS PRACH is only supported if 60KHz block interlace PUCCH/PUSCH is supported and is used only for Connected mode.

	Ericsson
	Proposal 8: As in NR Rel-15, 60 kHz SCS for PRACH is not supported in FR1.

	Huawei
	Observation 7: The performance evaluations show that there is no issue in supporting a PRACH preamble with 60 kHz SCS.



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

FL Proposal: 
· SCS of 15/30 kHz is supported for NR Rel-15 PRACH waveform
· If interlaced waveform for PRACH is agreed for NR-U, at least support SCS of 15/30 kHz
· FFS: If 60kHz interlaced PRACH is supported. If supported, mandatory or optional at UE.

PRACH frequency mapping options and evaluation results
In [1] 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

	Huawei
	Observation 1: A PRB/RE interlaced PRACH (Alt 1-Alt 3) has lower mis-detection probability 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 (i.e., a preamble reuse factor in the order of 100s) for the PRB interlaced schemes (Alt 1 and Alt 2). 
Observation 3: Under PRB level interlaced mapping (Alt 1 and Alt 2), the generic sequence of [5, R1-1901530] has lower PAPR and mis-detection probability than the ZC sequence.
Observation 4: The NR length-139 ZC sequence has bad mis-detection performance under PRB level interlaced mapping (Alt 1) due to the fact that its low PAPR/correlation properties are 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 PAPR, mis-detection probability, 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: The performance evaluations show that there is no issue in supporting a PRACH preamble with 60 kHz SCS.
Proposal 7. 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 8: It is beneficial to have an irregular frequency resource allocation for PRACH and the following methods will be further studied:
· 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 9: The preamble sequence in Proposal 1 of R1-1901530 is adopted.
· The sequence length is not constrained to be 139.

	ZTE
	Case1: legacy non-interlace prach (Alt4/NR-Rel15);
Case2: Uniform PRB interlace (Alt1);
Case3: Non-uniform PRB interlace (Alt2);
Case4: Non-interlace structure with repeat M times in frequency (Alt4)
Observation 1: Case4 has the best performance in mis-detection probability, false alarm probability and timing estimation errors.
Observation 2:  the MCL value of Case 4 is the largest and is approximate to Case1 (baseline) thanks to its better performances of mis-detection probability and  false alarm probability.
Observation 3: Case 4 has the smallest capacity of PRACH. However, there remains enough PRACH capacity since NR-U is primarily used in a small cell scenario.
Proposal 12: The scheme of the non-interlaced structure with repeat M times preamble in frequency domain should be supported at least for NR-U in Rel-16.

	Mediatek
	Observation 2: Applying B-IFDMA structure to PRACH severely degrades the correlation properties of PRACH. In addition, the resolution of timing estimation is significantly reduced.  
Proposal 5: 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
Observation 3: 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.

	OPPO
	Proposal 3: Reuse Rel-15 PRACH ZC sequence and contiguous mapping can be considered for NR-U.

	LG
	Proposal #4: 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 #1: Uniform interlaced PRACH mapping and F-domain PRACH sequence repetition can provide better miss-detection performance than the legacy Rel-15 NR PRACH mapping.
Observation #2: 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.

	Samsung
	Proposal 4: NRU shall support continuous based waveform with potential repetition in frequency domain and/or time-domain.

	Panasonic
	Proposal 2: For NR-U PRACH, support B-IFDM + non-uniform spacing in the scenario which B-IFDM is used for PUCCH/PUSCH.

	Nokia
	Observation 7: 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 8: 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 9: 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 10: Regarding the PAPR analysis between the considered PRACH designs it can be observed that
· Contiguous single preamble options have 99th percentile PAPR 4.7 dB
· Frequency repeated and Non-uniform B-IFDM preamble options have 99th percentile PAPR 6 - 6.2 dB, difference to contiguous single preamble options being 1.3-1.5 dB
Observation 11: Regarding the MCL analysis between the considered PRACH designs it can be observed that
· Wideband frequency contiguous options provide best MCL, 4-7 dB gain to other options
· Transmission power shortage by Rel15 Formats can be compensated with longer time domain PRACH format (A2)
· Remaining differences in PRACH MCL are not critical in light of MCL for NR-PSS, NR-SSS and NR-PBCH (Appendix C). 
Proposal 17: NR-U PRACH preamble sequence is mapped to contiguous subcarriers.
Proposal 18: 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
	Simulated design 1: NR Rel-15 PRACH;
Simulated design 2: Uniform PRB based interlace (Alt1);
Simulated design 3: Non-uniform PRB based interlace (Alt2);
Simulated design 4: Non-interlace structure; M times repetition in frequency (Alt4)
Note: Details of the above four simulated schemes and evaluation results are updated in tdoc R1-1903372 (revised version of tdoc R1-1902468)
Observation 1: For both 15 KHz and 30 KHz SCS with 10 ns delay spread and TDL-C channel model), Alt. 4 (non-interlace structure with M times repetition in frequency) offers nearly 3dB performance gain over NR Rel-15 PRACH for <1% mis-detection rate, whereas interlace based PRACH (both uniform and non-uniform) offers worse performance than NR Rel-15PRACH. Non-uniform interlace performance (in terms of mis-detection rate) is the worst among the four schemes. 
Observation 2: With increase in delay spread (from 10 ns to 100 ns), frequency diversity gain benefits Alt. 4 (non-interlace structure with M times repetition in frequency) the most and Alt. 4 can potentially offer  almost 5 dB performance gain over NR Rel-15 PRACH at 30 KHz SCS. Interlace based PRACH (both uniform and non-uniform, i.e. Alt. 1 & 2) perform worse than Alt. 4 at high delay spread scenario as well.
Proposal 3: 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.

	Interdigital
	Proposal 2: NR-U supports PRACH with RE-level interlacing within one cluster of the channel bandwidth.

	NTT DOCOMO
	Observation 1: With uniform PRB-level interlace mapping, timing error due to multiple correlation peaks with similar level is observed.
Observation 2: With non-uniform PRB-level interlace mapping, detection performance is slightly worse than that of other alternatives.
Observation 3: With uniform RE-level interlace mapping, multiplexing with other channel based on uniform PRB-level interlace mapping is difficult.
Observation 4: 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 5: With non-interlaced mapping based on frequency domain repetition, PSD is decreased compared with that of other alternatives.

	Ericsson
	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 as for PUSCH/PUCCH (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).

	Qualcomm
	Proposal 7: Discuss the timing advance required for NR-U and the time domain interlace PRACH structure. The choice of block interlace PRACH structure such as uniform or non-uniform PRB spacing can depend on the TA requirement.
Proposal 8: When TA can be handled by regular CP for data transmission, time domain aligned PRACH format with other channels can be considered with potential additional time domain spreading. Alternatively, NR format A structure can be extended to interlace PRACH structure.
Proposal 9: When TA cannot be handled by regular CP for data transmission, NR PRACH structure can be extended for interlace PRACH structure. However, adjacent sub-carrier interference needs to be considered when PRACH and other channels are multiplexed on adjacent interlaces or sub-carriers.
Proposal 13: Uniform PRB level block interlacing should be considered for PRACH frequency resource allocation.

	VIVO
	Observation 1: Msg1 repetition in frequency domain is a straightforward way to meet OCB requirement and requires minor RAN1 spec efforts.
Observation 2: Contiguous PRACH mapping and PRACH repetition in frequency domain can achieve better detection performance, higher timing accuracy and lower MCL compared with PRB level interlaced PRACH. 
Proposal 8: Contiguous PRACH mapping and PRACH repetition in frequency domain based on Rel-15 preamble are preferred to ensure the detection performance of PRACH in NRU. 



Feature lead summary: The positions of different companies on PRACH sequence to frequency mapping summarized below:
· Alt 1: Uniform PRB level interlace mapping: LGE, Qualcomm, Huawei
· Alt 2: Non-uniform PRB level interlace mapping: Huawei, Panasonic, NTT Docomo, Ericsson
· Alt 3: Uniform RE level interlace mapping: Interdigital
· Alt 4: No interlace. Legacy PRACH possibly with frequency domain repetition: ZTE, Vivo, OPPO, Nokia, Intel, LGE, NTT Docomo, Samsung
· Alt 5: Non-uniform RE mapping: Mediatek

10 companies have provided evaluation results for some of the PRACH alternatives agreed in RAN#95.  A summary of observations made by different companies based on their evaluation is listed below:
· In Alt1 the autocorrelation of preamble shows many false peaks which will compromise the accuracy of TA estimation in low SINR and multipath, at least for higher SCS: Huawei, Nokia, Ericsson
· For Alt1, the timing error CDFs show that the maximum timing error is within the requirement of half the CP: Qualcomm, LGE
· Alt2 better performance than Alt1: Huawei, Ericsson, Panasonic
· Alt4 (contiguous allocation) has better performance: ZTE, Nokia, Ericsson, Vivo, OPPO
· Contiguous frequency domain repetition of ZC139 sequence: ZTE, Erisccon, Vivo
· Frequency domain repetition of ZC139 sequence with gap: LGE
· Alt2 with a different sequence gives best performance: Huawei
· Alt4 with contiguous allocation has better PRACH capacity than Alt2: Nokia

Discussion:
We propose to use the format in the attached spreadsheet to provide simulation results. Some company simulation results are also already summarized in the spreadsheet. Further description of the columns in the spreadsheet is provided below:
FL proposal:
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)
	
	[bookmark: _GoBack]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

	
	
	



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

	Huawei
	Proposal 9: The preamble sequence in Proposal 1 of R1-1901530 is adopted.
· The sequence length is not constrained to be 139.

	Mediatek
	Proposal 1: 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
Observation 1: 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

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

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

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

	Interdigital
	Proposal 1: NR-U supports PRACH with short format ZC sequence with length 139.

	NTT Docomo
	Proposal 6: NR-U PRACH supports only short sequence length defined in Rel-15 (L = 139).

	Ericsson
	Observation 4: Only the short PRACH sequence length (LRA = 139) is useful for NR-U.

	Qualcomm
	Proposal 11: The choice of PRACH sequence length depends on the PRACH structure




Discussion: (online)
For PRACH sequence design, the following discussion points have been identified:
· Sequence type:
· ZC sequence: Fujitsu, Panasonic, Intel, Iterdigital, NTT DoCoMo, Ericsson, Samsung, Qualcomm, Nokia, ZTE, LGE, 
· New sequence: HW, Mediatek

Discussion:
· Sequence length: This depends on the frequency domain resource allocation. A joint discussion is needed
· ZC 139: Applicable to non-uniform interlace PRACH design, repeated legacy PRACH, 
· ZC 113: Applicable to uniform interlace PRACH design
· Others: 

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

	Vivo
	Proposal 6: Long PRACH formats are needed only if a few tens of kilometres coverage is expected in unlicensed band.
Proposal 7: 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.

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

	Samsung
	Proposal 6: NR-U shall support short PRACH preamble formats only.

	Ericsson
	Observation 5: Only a subset of the short PRACH preamble formats, A1 – A3 and B1 – B4, are useful for NR-U.

	Qualcomm
	Proposal 8: When TA can be handled by regular CP for data transmission, time domain aligned PRACH format with other channels can be considered with potential additional time domain spreading. Alternatively, NR format A structure can be extended to interlace PRACH structure.


	Huawei
	The NR PRACH formats were agreed after considerable work and we see no reason to change the basic preamble structure, i.e., a CP followed by repetitions of the sequence (without CP in between) and potentially a Guard Time (GT) at the end. Therefore NR-U PRACH formats based on NR PRACH formats A and B should be the default.



[bookmark: _Hlk1719967]Feature lead summary: Following are company positions
· Short PRACH Formats: Interdigital, Ericsson, Fujitsu, Vivo, Qualcomm, Huawei
· Alt 1: Support only format A and B: Ericsson, Qualcomm
· Alt 2: Support all three formats A, B and C: 
FL Proposal: 
· For NR Rel-15 PRACH waveform, formats A1-A3 and B1-B4 are supported, and NR Formats  0/1/2/3/C are not supported. 
· FFS: Enhancement needed to leave LBT gaps between adjacent ROs to avoid UE to UE blocking
· FFS: If this applies to new PRACH waveforms as well
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

	Fujitsu
	Observation 1：Assume the LBT for PRACH takes at least 25 us, there would be no enough blank period for LBT between neighboring time-domain ROs.
Proposal 2: For NR-U, NR Rel-15 RO configuration should be enhanced to avoid potential blocking between neighboring time-domain ROs.

	Samsung
	Proposal 9: 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.

	Nokia
	Proposal 16: 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.

	Interdigital
	Proposal 3: A UE can be configured with RACH resources on multiple LBT subbands.
Proposal 4: A trigger signal for a PRACH transmission can include any of DCI indication, paging or DRS transmission.
Proposal 5: Triggered ROs may be associated with a modified LBT.
Proposal 7: NR-U should consider how to perform LBT for PRACH transmission in configured ROs. 

	Xiaomi
	In addition to taking the PRACH design in NR as baseline, NRU LBT block issue should be considered for contiguous RACH occasions configuration. In such cases, the configurations should be enhanced to leave a gap for adjacent ROs to avoid blocking by other NRU random access user.



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-Rel15 RO configuration should be enhanced to avoid potential blocking between neighbouring ROs: Fujitsu, Qualcomm, Samsung, Nokia, Interdigital, Xiaomi

FL proposal:
· NR Rel-15 RACH occasion configuration should be enhanced to avoid potential blocking between neighbouring time-domain RACH occasions.

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 RACH 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
	Positions

	Vivo
	(No change)
Observation 3: The PUSCH transmission may block PRACH transmission occurs in overlapping resources.
Observation 4: PRACH and PUSCH transmitted in overlapping resources may still be possible in NR-U deployment if the cell size is small.

	Fujitsu
	Observation 2: Considering small cell range of NR-U, LBT blocking due to TA difference between FDM’d PUSCH/PUCCH/PRACH could be avoided by implementation.
· For small cell range, by UE implementation, the reserved duration in a slot duration could be utilized to avoid potential LBT blocking between FDM’d PUSCH/PUCCH/PRACH.
· When the reserved duration cannot guarantee no blocking between FDM’d PUSCH/PUCCH/PRACH by UE implementation, FDM of PRACH and other channels could be avoided by gNB implementation.

	LGE
	(No change – Support FDM)
Proposal #5: 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

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

	Nokia
	Observation 6: Interlaced PRACH can be multiplexed with PUSCH (interlaced) only by mini-slot resource allocation, which is not attractive.
Observation 12: LBT blocking due to TA difference between frequency multiplexed PUSCH, PUCCH, and PRACH is not expected in small cell deployments.

	
	

	Qualcomm
	Proposal 7: Consider the aligned SCS between PRACH and other UL channels to minimize adjacent sub-carrier interference between PRACH and other channels.
Proposal 13: RAN1 shall consider an approach to prioritize PRACH transmissions over same-symbol PUCCH/PUSCH transmissions from different UEs.

	Interdigital
	Proposal 6: A UE can be indicated an LBT configuration for an UL transmission, to enable multiplexing.

	Huawei
	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. 



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. 

Summary of company positions: FDM of PRACH and PUCCH/PUSCH is supported
· Yes: Vivo, LGE, Qualcomm
· No: Samsung (at least for initial access)

Discussion:
· Further discuss FDM of PRACH and PUCCH/PUSCH of 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, LGE
· No: Fujitsu, Nokia, Huawei
Discussion: 
· Discuss further if a specification based solution to handle blocking of UEs when PRACH is FDM with other channels is necessary
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