[bookmark: OLE_LINK6]3GPP TSG RAN WG1 Meeting #96	R1-1901606
Athens, Greece, 25th February- 1st March, 2019

Title:	Considerations on initial access signals and channels for NR-U
Source: 	ZTE, Sanechips
Agenda Item:	7.2.2.1.1
Document for:	Discussion and Decision
 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2]At the RAN #82 meeting, the new WI proposal on “NR-based Access to Unlicensed Spectrum” (NR-U) was approved [1]. This WI targets to specify NR enhancements for a single global solution framework operating in unlicensed bands, e.g., 5 GHz and 6 GHz. In the WID of NR-U, it describes about specifying support for DRS design, PRACH. During NR-U SI stage, some agreements have been reached and can be regarded as a starting point for NR-U WID.  In AH1901 meeting [2], some agreements about discovery reference signal DRS and PRACH were reached:
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 (cc RAN2) for inclusion in specs managed by RAN4 
Conclusion:
· No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.
Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)
Agreement: 
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
In this contribution, we share our views on initial access signals and channels for NR-U, including DRS design and PRACH design and simulation results on PRACH resource allocation in the frequency domain.
 DRS design
As agreed in AH1901 meeting, “support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block”. In NR Rel-15, Case A is supported for SS/PBCH block with 15KHz SCS, Case B and Case C are supported for SS/PBCH block with 30KHz SCS, as shown in Figure 1. In NR-U, for 15KHz SCS, SS/PBCH block pattern within a slot can reuse NR Rel-15 Case A. For 30KHz SCS, SS/PBCH block pattern within a slot can reuse NR Rel-15 Case B or Case C. Wherein, there is no gap between successive SS/PBCH blocks for the Case B, if the gNB perform LBT failure on the first SS/PBCH Block, then there is no LBT operation gap for the second SS/PBCH block. Therefore, it is recommended that Case C for SS/PBCH block with 30KHz SCS should be supported with high priority.


Figure 1. SS/PBCH block mapping patterns within a subframe (1ms) in the band f <= 7 GHz
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. 
The duration of the DRS transmission window in LTE-LAA is 5 ms and NR support SS/PBCH block detection window is 5ms. Thus, NR-U can support same the duration of DRS transmission window as DRS in LTE-LAA. For the period of DRS transmission window, LTE-LAA support 40ms, 80ms and 160ms and NR support 5ms, 10ms, 20ms, 40ms, 80ms, and 160ms for the period of SSB burst set. Compared with LTE-LAA, NR-U supports DC and SA in addition to CA scenarios. For DC and SA, UE has the requirement of fast initial access. Based on this, considering the existing periods supported by NR and the requirement of NR-U, we suggest that period of DRS transmission window can be configured as 20ms.  
Further, DRS duration for LTE-LAA is less than 1ms, i.e. occupy 12 symbols. In NR-U, SS/PBCH block pattern is different for different SCS, which may result in different duration of NR-U DRS for different SCS. e.g., for 15 kHz SCS, DRS duration may be 1ms and for 30 kHz SCS, DRS duration is 0.5ms. Wherein, the number of SS/PBCH within DRS duration is 2. Besides, for case of neighbor two SS/PBCH block with different beam direction, if different beam direction of SS/PBCH block is included in a DRS duration, then it is necessary to perform LBT before SS/PBCH with beam switch, which may cause channel loss to some extension. And in order to achieve no gap within DRS duration, the features of existing multiplex signals/channels such as RMSI CORESET, RMSI PDSCH, Paging, OSI and CSI-RS with SS/PBCH within DRS duration need also to be considered. Based on the above discussion, we think that the decision of NR-U DRS duration depends on some aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switch. Preferably, NR-U DRS duration is less than 1ms.
If the duration of the DRS transmission window is allowed to be configured as 5ms, then the maximum number of candidate SS/PBCH block is 10 for 15 kHz SCS and 20 for 30 kHz SCS. The maximum number of actual transmitted SS/PBCH blocks is 8. The details on timing acquisition and QCL can be found in our companion contribution [3].
[bookmark: _Toc528677255][bookmark: _Toc528934684]Proposal 3: It is recommended that the duration of the DRS transmission window can be configured as 5ms, periods can be configured as 20ms. 
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 15KHz SCS and 20 for 30KHz SCS if 5ms DRS transmission window is supported. The maximum number of candidate SS/PBCH block is 10 for 15KHz SCS and 20 for 30KHz SCS.
Considering the uncertainty of channel availability due to LBT, SSB may not be able to be transmitted in time, which will result in large delay or inaccurate measurement or failure of initial access for UE. Thus, in order to increase SSB and DRS transmission opportunities, the following at least one of design principle can be considered: 1)  Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set. 2) Configure multiple candidate SS/PBCH block burst sets within a period of DRS, the details can be found in our companion contribution[3].
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.
In RAN1 #94 meeting, it was agreed that inclusion of RMSI CORESET and RMSI PDSCH in the NR-U DRS is beneficial. Further, in RAN1 #95 meeting, SS/PBCH block and RMSI CORESET#0 TDM multiplexing has been supported and transmitted in different time instances. In order to achieve compact DRS design, blank symbols in slot can be filled with RMSI CORESET#0. Wherein, to reduce the impact of standardization, NR parameter for PDCCH monitoring occasions in Table 13-11 in 38.213 can be reused as much as possible in NR-U, e.g., reuse 1 symbol RMSI CORESET#0 configuration. In this regard, associated RMSI CORESET with SS/PBCH block occupies up to 2 symbols in slot. The rest of the blank symbols in slot can be filled with RMSI PDSCH, CSI-RS, OSI or Paging. If these signals/channels are not configured in slot, then 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. 
Proposal 7: In order to achieve no gap between SS/PBCH blocks, existing signals/channels (e.g., CSI-RS, OSI, Paging) in addition to RMSI 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. 
Furthermore, in order to meet OCB regulation requirements for SS/PBCH block, one of the following methods can be considered: Alt-1: Repeat the SS/PBCH block 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. Optionally, if there is PDSCH transmission, PDSCH can also be used to achieve OCB requirement.
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: SS/PBCH block and RMSI PDSCH multiplexed in frequency domain.
In addition, due to each SS/PBCH block in the time domain only occupies 4 symbols, its duration is less than 1ms, which is similar to DRS in LTE-LAA, we think it could access the channel with the priority as defined in LTE-LAA, e.g., fast LBT such as Cat2 LBT with a fixed/short sensing interval. However, if LBT in LTE-LAA is directly reused for beam-based SS/PBCH block transmission, it will lead to inaccurate CCA detection problems, e.g., high interference detected on the omni-directional beam could block the SS/PBCH block transmission on narrow directional beam even if the SS/PBCH block transmission does not interfere with the transmission of the other nodes in other beam directions. 
Based on this, it is necessary to study directional LBT mechanism for beam-based SS/PBCH block transmission in order to improve the probability of access channel and the accuracy of CCA detection. More details on LBT for SSB transmission with beam can be referred to our company’s channel access contribution [4].
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.
 PRACH design
 3.1 OCB for PRACH
In Rel-15, NR supports both long and short sequence RACH preambles. The length of long sequence is 839, while the length of short sequence is 139. SCS supported for long sequence are 1.25 kHz and 5 kHz; SCS supported for short sequence are 15 kHz and 30 kHz for below 6 GHz. For instance, assuming 20 MHz carrier bandwidth below 6GHz frequency band, the occupied bandwidth with 15 and 30 kHz SCS are 2.16 MHz and 4.32 MHz respectively, which obviously do not fulfill the ETSI OCB requirement as shown in Figure 2. 
[image: ]
Figure 2. An example of preamble’s OCB not satisfying regulatory requirement
Therefore, in order to meet the OCB requirement, the following enhancement methods should be considered: 
Alt-1: Uniform PRB-level interlace structure
For alt-1, a PRACH sequence is mapped to all of the PRBs of one or more of the interlaces. Within a PRB, we suggest that all REs are used. Compared with Non-interlace structure, the correlation properties of PRACH preamble using PRB-based interlace structure have some issues in timing estimation, because there are many false peaks in the correlation properties. If a subset of REs within a PRB is used, then it may introduce great standard effort such as design new sub-PRB based resource allocation, new UL RS pattern in frequency domain, etc.
[bookmark: _Toc520130616][bookmark: _Toc520113627]Alt-2: Non-uniform PRB-level interlace structure
For alt-2, a PRACH sequence is mapped to some or some or all of the PRBs of one or more of the interlaces. Although this approach is useful to reduce the false peaks in the PRACH preamble auto-correlation function, there are still some problems mentioned in Alt-1 above. 
[bookmark: OLE_LINK7]Alt-3: Non-interlaced structure with repeat M times preamble in frequency domain.
For alt-3, a PRACH sequence is repeatedly mapped across the frequency domain as shown in Figure 3. For example, assuming that the bandwidth of channel is 20 MHz and SCS is 15 kHz, preamble in the frequency domain occupy 6 PRB and the starting position in the frequency domain configured by RRC, then UE can obtain preamble transmission pattern according to offset between preambles and repeat times M.


Figure 3. Repeat M times preamble in frequency domain
Based on the above discussion, considering the significant impact on NR specification, we suggest that Non-interlace structure with repeat M times preamble in frequency domain for NR-U PRACH can be considered to meet the OCB requirement. Further evaluation can be found in Section 3.2.
3.2 Evaluation for PRACH Transmission Schemes
To further evaluate the performance of different PRACH transmission schemes in the frequency domain, some simulation results will be provided in this section. Wherein, the simulation assumptions are given as below:
Table1. Simulation Assumptions
	Property
	Value

	Carrier frequency
	5 GHz

	Carrier Channel Bandwidth
	20MHz

	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)]

	PRACH format
	A1 

	Subcarrier spacing
	30 kHz.

	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


， =13，u=128  12   127    13   126    14   125


	Preamble detector
	Each company should provide details on used algorithm
Threshold=9.5dB*A. 
A =The mean power of correlation values of all received data, except for points greater than Maxpeak*3/5;

	Interference assumption
	No interference. 

	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


[bookmark: OLE_LINK3]Simulation schemes for PRACH frequency resource allocation are as follows: 
Case1: Non-interlace structure (legacy PRACH).
Case2: Uniform PRB-level interlace structure.
The method of Case2 corresponds to Alt-1 of Section 3.1. PRB level interlace design with 4 interlaces is assumed. A preamble is mapped on one interlace with 12 PRBs.
Case3: Non-uniform PRB-level interlace structure.
The method of Case3 corresponds to Alt-2 of Section 3.1. PRB level interlace design with 5 interlaces and 10 PRBs per interlace are assumed. A preamble is mapped on one interlace (e.g., interlace #1) + on two additional PRBs (e.g., PRB #1 and PRB #5) from another interlace(e.g., interlace #3) to create non-uniform spacing between PRBs.
[bookmark: OLE_LINK13]Case4: Non-interlaced structure with repeat M times preamble in frequency domain.
The method of Case4 corresponds to Alt-3 of Section 3.1. Repeat times M for preamble is 2 in frequency domain, the starting position of the first preamble is PRB#1 and the starting position of the second preamble is PRB#34.

Table 2 Mis-detection probability and False alarm probability at different delays scaling of different SNR
	Delay scaling
	probability
	SNR
	Case1
	Case2
	Case3
	Case4

	




100 ns
	Mis-detection probability
	0dB
	0.0002
	0.0020
	0.0033
	0.0000

	
	
	-3dB
	0.0029
	0.0231
	0.0435
	0.0000

	
	
	-6dB
	0.0206
	0.1128
	0.2018
	0.0025

	
	
	-9dB
	0.0924
	0.3197
	0.4837
	0.0308

	
	
	-12dB
	0.2841
	0.6420
	0.7779
	0.1892

	
	Falsealarm probability
	0dB
	0.0001
	0.0462
	0.0057
	0.0000

	
	
	-3dB
	0.0003
	0.0087
	0.0022
	0.0000

	
	
	-6dB
	0.0005
	0.0017
	0.0012
	0.0000

	
	
	-9dB
	0.0007
	0.0010
	0.0012
	0.0000

	
	
	-12dB
	0.0008
	0.0010
	0.0011
	0.0000

	



10 ns
	Mis-detection probability
	0dB
	0.0022
	0.0121
	0.0288
	0.0005

	
	
	-3dB
	0.0080
	0.0398
	0.0831
	0.0041

	
	
	-6dB
	0.0300
	0.1106
	0.1918
	0.0215

	
	
	-9dB
	0.0925
	0.2421
	0.3650
	0.0786

	
	
	-12dB
	0.2514
	0.4470
	0.5941
	0.2366

	
	False alarm probability
	0dB
	0.0002
	0.3148
	0.0600
	0.0000

	
	
	-3dB
	0.0004
	0.0941
	0.0135
	0.0000

	
	
	-6dB
	0.0006
	0.0166
	0.0031
	0.0000

	
	
	-9dB
	0.0007
	0.0025
	0.0014
	0.0000

	
	
	-12dB
	0.0009
	0.0011
	0.0012
	0.0000

	Note:Detection Criteria of False alarm probability in case1.



[bookmark: OLE_LINK4]Table 3 Peak-to-average power ratio and cubic metric
	Schemes
	Case1
	Case2
	Case3
	Case4

	Peak-to-average power ratio
	1.8125
	2.8319
	3.6857
	3.1693

	cubic metric
	0.1737
	1.7668
	3.0480
	2.3265








[image: ]
Figure 4 CDF of timing estimation error (Delay scaling = 10ns, SNR = -3dB)

Table 4 MCL
	[bookmark: OLE_LINK10][bookmark: OLE_LINK8]SCS=30KHz
	[bookmark: OLE_LINK9]Case1
	Case2
	Case3
	Case4

	Transmitter

	(0) Max Tx power  (dBm)
	23.0
	23.0
	23.0
	23.0

	(1) Actual Tx power (dBm)
(PSD limit of 10 dBm/MHz)
	16.3548
	22.3754
	22.1906
	20.7918

	[bookmark: _GoBack]Receiver

	(2) Thermal noise density (dBm/Hz)
	-174.0
	-174.0
	-174.0
	-174.0

	(3) Receiver noise figure (dB)
	5.0
	5.0
	5.0
	5.0

	(4) Interference margin (dB)
	0.0
	0.0
	0.0
	0.0

	(5) Occupied channel bandwidth (MHz)
	4.32
	17.28
	16.56
	16.2

	(6) Effective noise power
 = (2) + (3) + (4) + 10 log((5))  (dBm)
	-102.7
	-96.62
	-96.81
	-96.90

	(7) Required SINR (dB)
	-5
	-2.5
	-1.5
	-7.6

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-107.7
	-99.12
	-98.31
	-104.5

	(9) MCL 
         = (1) - (8) (dB)
	124.0548
	121.4954
	120.5006
	125.2918

	Note:Detection Criteria of False alarm probability in case1.



Table 5  PRACH capacity
	SCS=30KHz
	Case1
	Case2
	Case3
	Case4

	 PRACH capacity 
	5520
	5520
	5520
	1380

	root sequences
	138
	138
	138
	138

	cyclic shifts
	10
	10
	10
	10

	 FDM
	4
	4
	4
	1



From the above simulation results, we can be seen that:
· As showing in Table2, Case2 and Case 3 have worse performances of mis-detection probability and false alarm probability than other cases and case 4 has the best performance. The performance of Case 3 is slightly better than case 2 because Case 3 has adjusted the way of resource allocation in a small amount. 
· As showing in Table 3, The PAPR of Case 2/3/4 is higher Case 1 (baseline).
· [bookmark: OLE_LINK5]As showing in Figure 4, Case4 has as good timing estimation performance as Case1 (baseline) and better than Case 2/3. 
· As showing in Table 4, 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,while  the MCL values of Case 2 /3 are smaller.
· [bookmark: OLE_LINK12]As showing in Table 5, 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.  
· In addition, Case4 can inherit the Rel-15 NR design, reducing the specification and implementation efforts. 
It is important to emphasize that timing estimation error performance is the more critical metric in the design. It should be pointed out that we have not optimized the PRACH detection thresholds. With some further optimization effort, it may indeed be possible to lower the mis-detection rate. 
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.

Based on the above technical analysis and evaluation on PRACH design for NR-U, considering the requirement of OCB and related performances, the following proposal is provided. 
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.

[bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0996] Conclusion 
In this contribution, we share our views on initial access signals and channels for NR-U. We have the following proposals and observations:
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 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.
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. 
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
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.
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.
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Case C
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1 subframe (1ms)


Case B
(30kHz)


Each four-OFDM symbols with one color represent one candidate SS/PBCH block



