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1 Introduction
In RAN1 #98bis [1], the following working assumption and conclusion regarding the initial access signal and channels for NR-U were made: 
Conclusion:
For the PDSCH Default A SLIV Table, Type-B PDSCH lengths other than the 2/4/7 lengths already supported in Rel-15, are not introduced for NR-U.

Working assumption:
For RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster, the PBCH in SSB not on a sync raster does not directly provide the location of the CORESET 0 for RMSI reception. 
· The frequency domain difference between an off-sync SS/PBCH block and its associated CORESET #0 is determined at least based on 
· The offset between the frequency location of the off-sync SS/PBCH block configured by gNB (high layer parameter ssbFrequency) and the frequency location corresponding to the GSCN of the synchronization raster entry within the same LBT bandwidth.
· Also based on the offsets signaled in PBCH payload (including MIB). 
a. FFS: How many offsets
· Note: For ANR purpose, the SSB and and the associated CORESET0 are expected to be in the same LBT bandwidth
· Note: This working assumption assumes that there is only one sync raster point defined per 20 MHz. If RAN4 decides that there is more than one sync raster point per 20 MHz, then this working assumption is not valid and will be revisited












This contribution discusses the remaining details of initial access signals and channels for NR-U:
· NR-U DRS Design
· RMSI Reception on SCell
· Waveform, Numerology, and Formats of PRACH
· Modification to PRACH Occasions for LBT
2 NR-U DRS Design 
2.1 SS/PBCH Block Pattern and Type0-PDCCH CSS Configuration 
In the last meeting [1], it was concluded that there is no consensus between Alt 1 and Alt 2: 
· Alt 1: Legacy SSB positions in a slot (Option 1 in Figure 1)
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt 2: New SSB positions in a slot (Option 2 in Figure 1)
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot



[bookmark: _Ref350765]Figure 1 Illustration of two SS/PBCH block patterns.
Both the alternatives are following the spirits of minimizing potential implementation change and/or specification impact to support NR-U, and a high-level summary of the comparison of alternatives is in Table 1. 

Table 1 Summary of comparison of alternatives.
	
	Al 1
	Alt 2

	SS/PBCH block pattern
	Legacy
	New

	Location of Type0-PDCCH CSS configuration
	New
	Legacy

	Flexibility of Type0-PDCCH CSS configuration
	Full
	Full



Detailed analysis of the alternatives is performed with respects to all discussed aspects.

Coding rate of SIB1

This aspect is purely related to the SS/PBCH block pattern in time domain, i.e., Option 1 v.s. Option 2. In Option 1, if CORESET#0 is configured as 2 symbols and both SS/PBCH blocks in a slot are transmitted, at most 4 symbols (i.e., the same symbols corresponding to the SS/PBCH block) can be utilized for RMSI PDSCH transmission, which corresponds to (48-20)*4=112 PRBs. In contrast, in Option 2, if CORESET#0 is configured as 2 symbols and both SS/PBCH blocks in a slot are transmitted, at most 5 symbols (i.e., the same symbols corresponding to the SS/PBCH block plus one extra whole symbol by assuming rate matching around SS/PBCH blocks supported) can be utilized for RMSI PDSCH transmission associated to the first SS/PBCH block in the slot, which corresponds to (48-20)*4+48=160 PRBs. If there is no CSI-RS configured in the symbol #6, in the ideal scenario, using Option 2 gives 43% gain on the coding rate. 

Observation 1: SS/PBCH block pattern Option 2 has better coding rate than Option 1. 

Half-slot based operation

In NR Rel-15, Type0-PDCCH monitoring occasion starts from either the beginning of slot (e.g. slot-based implementation) or symbol #7 (e.g. half-slot-based implementation). If NR-U supports Alt 1, i.e., utilizing SS/PBCH block pattern Option 1 and supports monitoring occasion between two SS/PBCH blocks within a slot, Type0-PDCCH monitoring occasion starts from symbol #6 in order to support 2 symbols for CORESET#0. The Type0-PDCCH monitoring occasion starting from symbol #6 ruins the half-slot based implementation, and is not preferable from the implementation perspective, especially for initial access, since by implementation the initial access procedure shall be as simple as possible to facilitate potential optimization, and same NR Rel-15 behaviour is highly preferable.

Observation 2: Alt 1 cannot support half-slot based operation and introduces different UE behaviour from NR Rel-15 in initial access procedure.  

The need to change type B PDSCH design

This aspect actually can be independent of any alternative, and we observe that there is no need to change type B PDSCH design for RMSI, regardless of which alternative is supported. 

Observation 3: There is no need to change type B PDSCH design, regardless of which alternative is supported. 

The ability to handle short PUCCH in DRS burst

SS/PBCH blocks in DRS burst could be transmitted at new location in time domain to address the potential loss due to LBT. If short PUCCH is transmitted together with SS/PBCH block, it is not proper to change the transmission location of PUCCH together with the SS/PBCH block in the same slot, since the changed timing is not known to the UE due to LBT. Then, the merit of transmitting PUCCH with DRS is not significant. 

Moreover, the intention of short PUCCH transmission in adjacent to DL transmission is for HARQ ACK/NACK transmission, however, signals/channels in DRS may not have associated HARQ ACK/NACK transmission. Hence, there is no strong motivation to support short PUCCH in DRS burst. 

Observation 4: There is no need to support short PUCCH in DRS burst. 

The impact to RO

One discussion point from last meeting is on the impact to RO for supporting SS/PBCH block pattern Option 2. However, as agreed in previous meetings, Cat4 LBT will be supported for msg 1 transmission, and configuration of RO will anyway be modified to accommodate this agreement. Hence, there is no issue of supporting Option 2 regarding the configuration of RO. 

Observation 5: There is no issue for RO for all the alternatives. 

Future compatibility

The new SS/PBCH block pattern (i.e., Option 2) has better potential for other purpose due to its half-slot based structure and flexibility. For example, if directional LBT is considered as an enhancement scheme for channel access, it is automatically compatible with the new case without any specification changes. For another example, if current SS/PBCH block design is figured out to be with coverage issues in future releases, Option 2 has better flexibility to perform enhancement in order to address the issues.   
  
Observation 6: SS/PBCH block pattern Option 2 has better flexibility in future compatibility. 

Based on above discussion, it would be a pity that neither of Alt 1 and Alt 2 is supported, and from our discussion, Alt 2 is much proper for NR-U operation with better flexibility and forward compatibility, hence, it shall be supported for at least 5 GHz band and 6 GHz band in NR-U. 

Proposal 1: For NR-U DRS, Alt 2 shall be supported.
2.2 Rate Matching for PDSCH of RMSI 
In NR-U DRS, SS/PBCH block and its associated PDCCH and PDSCH of RMSI are QCLed. Hence, the DMRS of PDCCH and/or SSS and/or DMRS of PBCH can all be utilized as DMRS for PDSCH, up to UE’s implementation. Then, there is no technical issue for supporting PDSCH of RMSI to rate match around SS/PBCH block(s) within the same slot in DRS, and supporting rate matching can significantly improve the coverage of SIB1, especially for the scenario that only one SS/PBCH block within a slot is actually transmitted. 

Note that the following proposal is only supported for NR-U DRS: 

Proposal 2: For NR-U DRS, PDSCH of RMSI can rate match around SS/PBCH block(s) within the same slot.

Since the indication of actually transmitted SS/PBCH blocks is in the content of RMSI, a UE may not be able to be aware of whether an SS/PBCH block is transmitted when decoding PDSCH of RMSI. Hence, there is a need for the indication of actually transmitted SS/PBCH blocks in the same slot of receiving PDSCH of RMSI, and the indication can be in the DCI format.

Proposal 3: The DCI format for RMSI (e.g. DCI format 1_0 with CRC scrambled by SI-RNTI) indicates the actually transmitted SS/PBCH blocks within the slot.
2.3 CSI-RS in NR-U DRS
It was agreed in the SI that CSI-RS can be configured as part of NR-U DRS, in order to share the COT with NR-U DRS. In the past several meetings, whether a CSI-RS could be FDMed and/or TDMed with SS/PBCH block was discussed, but no consensus has been reached yet. Although there is still a debating point that whether FDMed CSI-RS is needed, especially when this issue is combined with the SS/PBCH block location in the frequency domain, the necessity of TDMed CSI-RS with SS/PBCH block should be clear and hence supported for NR-U. 

Proposal 4: CSI-RS can be configured in the symbols not overlapping SS/PBCH block in NR-U DRS.
2.4 OSI and Paging in NR-U DRS
It was agreed in the SI that OSI and paging can be configured as part of NR-U DRS, if possible, in order to share the COT with NR-U DRS, however, there is no further discussion in the WI on the details that how to achieve this purpose. In general, the transmission of OSI and/or paging could be able to form a compact burst together with the transmission of SS/PBCH blocks and PDCCH/PDSCH of RMSI, such that they can share one LBT and use a common COT. From our understanding, at least one of the following patterns as in Figure 2 could achieve this purpose, and shall be supported for NR-U. 


[bookmark: _Ref16501276]Figure 2 Illustration of OSI/paging in NR-U DRS.

Meanwhile, in current NR Rel-15, the monitoring locations for Type0A/2-PDCCH CSS can be configured in the content of RMSI, but they are fixed regardless of the changing of transmission locations for SS/PBCH blocks as supported for NR-U. Hence, the transmission of PDCCH and PDSCH of OSI/paging shall be wrapped-around together with the transmission of QCLed SS/PBCH blocks. 

Proposal 5: At least one of the following set of configurations on Type0A/2-PDCCH CSS should be supported for NR-U DRS, and PDCCH/PDSCH of OSI/paging are wrapped-around together with the transmission of the QCLed SS/PBCH blocks:
· Option 1: A burst of OSI/Paging is transmitted right after the burst of SS/PBCH blocks;
· Option 2: OSI/Paging shared the same burst with SS/PBCH blocks by muting some SS/PBCH block transmissions.
2.5 CORESET #0 Configuration
In the last RAN4 meeting, the frequency location of SS/PBCH blocks, i.e., synchronization raster, and the frequency locations of channels, i.e., channel raster, for NR-U bands were concluded, with several minor issues left as FFS. Based on the RAN4 agreements [5] [6], the frequency offset between SS/PBCH block and the carrier can be calculated. For a given carrier with bandwidth larger than 20 MHz, two cases should be considered, wherein the first case corresponds to an SS/PBCH block located at the lowest synchronization raster in the carrier, and the second case corresponds to an SS/PBCH block located at the highest synchronization raster in the carrier. A summary of the calculation results is shown in Table 1 to Table 4 for carrier bandwidth as 20 MHz to 80 MHz, correspondingly). Note that the rows highlighted are still FFS in RAN4, but it could be observed that whether or not to support those rows does not impact the observations on the candidate configurable values of the RB-level and RE-level offsets.

Observation 7: The RE-level offset (i.e., k_SSB) is from {0, 4, 8, 12, 16, 20}.

Observation 8: For 30 kHz SCS, the RB-level offset between SSB and carrier boundary is from {0, 1, 2, 3, 4, 5}.

Observation 9: For 15 kHz SCS, the RB-level offset between SSB and carrier boundary is from {13, 14, 15, 16, 17, 18, 19, 20, 21}.
 

[bookmark: _Ref23168105]Table 1 Example offsets for 20 MHz channel.
	Channel index
	Nominal channel center (MHz)
	Channel raster (MHz)
	Sync raster (GSCN)
	RB-level offset 
(SCS = 30 kHz)
	RE-level offset 
(SCS = 30 kHz)
	RB-level offset 
(SCS = 15 kHz)
	RE-level offset 
(SCS = 15 kHz)

	1
	5160
	5160.00
	8996
	3
	12
	19
	0

	2
	5180
	5179.98
	9010
	4
	0
	20
	0

	3
	5200
	5200.02
	9024
	4
	8
	20
	8

	4
	5220
	5220.00
	9037
or 9038
	0
or 4
	20
or 20
	13
or 21
	8
or 8

	5
	5240
	5239.98
	9051
	1
	8
	14
	8

	6
	5260
	5260.02
	9065
	1
	16
	15
	4

	7
	5280
	5280.00
	9079
	2
	4
	16
	4

	8
	5300
	5299.98
	9093
	2
	16
	17
	4

	9
	5320
	5320.02
	9107
	3
	0
	18
	0

	10
	5340
	5340.00
	9121
	3
	12
	19
	0

	11
	5480
	5479.98
	9218
	2
	16
	17
	4

	12
	5500
	5500.02
	9232
	3
	0
	18
	0

	13
	5520
	5520.00
	9246
	3
	12
	19
	0

	14
	5540
	5539.98
	9260
	4
	0
	20
	0

	15
	5560
	5560.02
	9274
	4
	8
	20
	8

	16
	5580
	5580.00
	9287
	0
	20
	13
	8

	17
	5600
	5599.98
	9301
	1
	8
	14
	8

	18
	5620
	5620.02
	9315
	1
	16
	15
	4

	19
	5640
	5640.00
	9329
	2
	4
	16
	4

	20
	5660
	5659.98
	9343
	2
	16
	17
	4

	21
	5680
	5680.02
	9357
	3
	0
	18
	0

	22
	5700
	5700.00
	9371
	3
	12
	19
	0

	23
	5720
	5719.98
	9385
	4
	0
	20
	0

	24
	5745
	5745.00
	9402
	2
	12
	17
	0

	25
	5765
	5764.98
	9416
	3
	0
	18
	0

	26
	5785
	5785.02
	9430
	3
	8
	18
	8

	27
	5805
	5805.00
	9444
	3
	20
	19
	8

	28
	5825
	5824.98
	9458
	4
	8
	20
	8

	29
	5845
	5845.02
	9471
	0
	16
	13
	4

	30
	5865
	5865.00
	9485
	1
	4
	14
	4

	31
	5885
	5884.98
	9499
	1
	16
	15
	4

	32
	5905
	5905.02
	9513
	2
	0
	16
	0



Table 2 Example offsets for 40 MHz channel.
	Channel index
	Nominal channel center (MHz)
	Channel raster (MHz)
	Sync raster (GSCN)
	RB-level offset 
(SCS = 30 kHz)
	RE-level offset 
(SCS = 30 kHz)
	RB-level offset 
(SCS = 15 kHz)
	RE-level offset 
(SCS = 15 kHz)

	1
	5170
	5170.02
	8996
	3
	4
	18
	4

	
	
	
	9010
	4
	
	20
	

	2
	5190
	5190.00
	9010
	3
	16
	19
	4

	
	
	
	9024
	4
	
	21
	

	3
	5230
	5230.02
	9037
or 9038
	0
or 4
	12
	13
	0

	
	
	
	9051
	1
	
	15
	

	4
	5270
	5269.98
	9065
	1
	12
	15
	0

	
	
	
	9079
	2
	
	17
	

	5
	5310
	5310.00
	9093
	2
	8
	16
	8

	
	
	
	9107
	3
	
	18
	

	6
	5330
	5329.98
	9107
	2
	20
	17
	8

	
	
	
	9121
	3
	
	19
	

	7
	5490
	5490.00
	9218
	2
	8
	16
	8

	
	
	
	9232
	3
	
	18
	

	8
	5510
	5509.98
	9232
	2
	20
	17
	8

	
	
	
	9246
	3
	
	19
	

	9
	5550
	5550.00
	9260
	3
	16
	19
	4

	
	
	
	9274
	4
	
	21
	

	10
	5590
	5590.02
	9287
	0
	12
	13
	0

	
	
	
	9301
	1
	
	15
	

	11
	5630
	5629.98
	9315
	1
	12
	15
	0

	
	
	
	9329
	2
	
	17
	

	12
	5670
	5670.00
	9343
	2
	8
	16
	8

	
	
	
	9357
	3
	
	18
	

	13
	5710
	5710.02
	9371
	3
	4
	18
	4

	
	
	
	9385
	4
	
	20
	

	14
	5755
	5755.02
	9402
	2
	4
	16
	4

	
	
	
	9416
	3
	
	18
	

	15
	5795
	5794.98
	9430
	3
	4
	18
	4

	
	
	
	9444
	4
	
	20
	

	16
	5815
	5815.02
	9444
	3
	12
	19
	0

	
	
	
	9458
	4
	
	21
	

	17
	5835
	5835.00
	9458
	4
	0
	20
	0

	
	
	
	9471
	1
	
	14
	

	18
	5875
	5875.02
	9485
	0
	20
	13
	8

	
	
	
	9499
	1
	
	15
	



Table 3 Example offsets for 60 MHz channel.
	Channel index
	Nominal channel center (MHz)
	Channel raster (MHz)
	Sync raster (GSCN)
	RB-level offset 
(SCS = 30 kHz)
	RE-level offset 
(SCS = 30 kHz)
	RB-level offset 
(SCS = 15 kHz)
	RE-level offset 
(SCS = 15 kHz)

	1
	5180
	5155.68
	8996
	3
	12
	-
	-

	
	
	
	9024
	4
	
	-
	

	2
	5200
	5175.84
	9010
	3
	20
	-
	-

	
	
	
	9037
or 9038
	0
or 4
	
	-
	

	3
	5220
	5196.00
	9024
	4
	8

	-
	-

	
	
	
	9051
	1
	
	-
	

	4
	5280
	5255.04
	9065
	1
	16
	-
	-

	
	
	
	9093
	2
	
	-
	

	5
	5300
	5275.20
	9079
	2
	4
	-
	-

	
	
	
	9107
	3
	
	-
	

	6
	5320
	5295.36
	9093
	2
	12
	-
	-

	
	
	
	9121
	3
	
	-
	

	7
	5500
	5475.36
	9218
	2
	12
	-
	-

	
	
	
	9246
	3
	
	-
	

	8
	5520
	5495.52
	9232
	3
	0
	-
	-

	
	
	
	9260
	4
	
	-
	

	9
	5540
	5515.68
	9246
	3
	12
	-
	-

	
	
	
	9274
	4
	
	-
	

	10
	5580
	5556.00
	9274
	4
	8
	-
	-

	
	
	
	9301
	1
	
	-
	

	11
	5600
	5574.72
	9287
	0
	20
	-
	-

	
	
	
	9315
	1
	
	-
	

	12
	5620
	5594.88
	9301
	1
	4
	-
	-

	
	
	
	9329
	2
	
	-
	

	13
	5680
	5655.36
	9343
	2
	12
	-
	-

	
	
	
	9371
	3
	
	-
	

	14
	5700
	5675.52
	9357
	3
	0
	-
	-

	
	
	
	9385
	4
	
	-
	

	15
	5765
	5740.32
	9402
	2
	12
	-
	-

	
	
	
	9430
	3
	
	-
	

	16
	5785
	5760.48
	9416
	2
	20
	-
	-

	
	
	
	9444
	3
	
	-
	

	17
	5805
	5780.64
	9430
	3
	8
	-
	-

	
	
	
	9458
	4
	
	-
	



[bookmark: _Ref23168206]Table 4 Example offsets for 80 MHz channel.
	Channel index
	Nominal channel center (MHz)
	Channel raster (MHz)
	Sync raster (GSCN)
	RB-level offset 
(SCS = 30 kHz)
	RE-level offset 
(SCS = 30 kHz)
	RB-level offset 
(SCS = 15 kHz)
	RE-level offset 
(SCS = 15 kHz)

	1

	5190

	5190.00

	8996
	3
	4

	-
	-

	
	
	
	9037
or 9038
	1
or 5
	
	-
	

	2

	5210

	5209.98

	9010
	3
	16

	-
	-

	
	
	
	9051
	1
	
	-
	

	3

	5290

	5290.02

	9065
	1
	8

	-
	-

	
	
	
	9107
	3
	
	-
	

	4

	5530

	5530.02

	9232
	2
	16

	-
	-

	
	
	
	9274
	4
	
	-
	

	5

	5610

	5610.00

	9287
	0
	12

	-
	-

	
	
	
	9329
	2
	
	-
	

	6

	5690

	5689.98

	9343
	2
	8

	-
	-

	
	
	
	9385
	4
	
	-
	

	7

	5775

	5775.00

	9402
	2
	4

	-
	-

	
	
	
	9444
	4
	
	-
	

	8

	5795

	5794.98

	9416
	2
	16

	-
	-

	
	
	
	9458
	4
	
	-
	

	9
	5855
	5854.98
	9458
	4
	0
	-
	-

	
	
	
	9499
	2
	
	-
	



In NR Rel-15, the floating of the location of CORESET #0 within a carrier has been supported to minimize the number of offsets required for indication. By supporting the floating of CORESET #0 within a carrier, one configuration on the offset between SS/PBCH block and its associated CORESET #0 can be reused for multiple cases with different offset between SS/PBCH block and the carrier boundary. For example, for 30 kHz SCS with 20 MHz carrier bandwidth, the floating of CORESET #0 can be at most carrier bandwidth – CORESET bandwidth = 51 – 48 = 3 RBs, then 2 configurations on the offset between SS/PBCH block and its associated CORESET #0 are sufficient. An illustration of this example is shown in Figure 3. 



[bookmark: _Ref23147796]Figure 3 Illustration of floating of CORESET #0 in carrier.
Based on the above observations and discussions, we have the following proposal. 

Proposal 6: For NR-U, the indication of k_SSB in PBCH payload remains the same as Rel-15.

Proposal 7: NR-U supports the following CORESET #0 configuration tables.
Table X-1 CORESET #0 configuration table for {SCS_SSB, SCS_CORESET} = {30 kHz, 30 kHz}
	Index
	Multiplexing pattern
	CORESET#0 BW
	No. of symbols for CORESET #0
	Offset

	0
	1
	48
	1
	0

	1
	1
	48
	1
	4

	2
	1
	48
	2
	0

	3
	1
	48
	2
	4



Table X-2 CORESET #0 configuration table for {SCS_SSB, SCS_CORESET} = {15 kHz, 15 kHz}
	Index
	Multiplexing pattern
	CORESET#0 BW
	No. of symbols for CORESET #0
	Offset

	0
	1
	96
	1
	13

	1
	1
	96
	2
	13


3 RMSI Reception on SCell
In RAN1 #98bis, for the issue of RMSI reception on SCell, Alt 1 is agreed as a working assumption, with the condition to testify that whether each LBT bandwidth only contains single synchronization raster point defined in RAN1. According to [6], the agreed synchronization raster entries satisfied the above requirement, hence, the working assumption can be confirmed. 

In addition, a clarification is required on the second offset between the frequency position of the SS/PBCH block provided by ssbFrequency in a measurement configuration associated with a reporting configuration providing reportCGI and the frequency position corresponding to the GSCN of a synchronization raster entry should be a multiple integer of RB in term of SCS of CORESET for Type0-PDCCH CSS set. Hence, we have the following proposal: 
[bookmark: _GoBack]
Proposal 8: For RMSI reception on SCell, confirm the working assumption with the following clarification:
· The second offset is expected to be an integer, in the unit of RB in term of SCS of CORESET for Type0-PDCCH CSS set.

The suggested TP for the proposal is as follow for information purpose: 

=============================== Start of TP for TS 38.213 ====================================
For operation with shared spectrum channel access, a UE determines an offset from a smallest RB index of the CORESET for Type0-PDCCH CSS set to a smallest RB index of the common RB overlapping with a first RB of the corresponding SS/PBCH block
-	according to the offset in Table 13-1A and Table 13-2A, if the frequency position of the SS/PBCH block corresponds to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1], and
-	according to a first offset provided in Table 13-1A and Table 13-2A, and a second offset between the frequency position of the SS/PBCH block provided by ssbFrequency in a measurement configuration associated with a reporting configuration providing reportCGI and the frequency position corresponding to the GSCN of a synchronization raster entry, where the synchronization raster entry is located in the same LBT bandwidth as the SS/PBCH block, if the frequency position of the SS/PBCH block does not correspond to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1]
where the offsets in Table 13-1A and Table 13-2A is are expected to be an integer, in the unit of RB defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set, provided by subCarrierSpacingCommon and/or same as the SCS of the corresponding SS/PBCH block. 
=============================== End of TP for TS 38.213 ====================================

4 Waveform, Numerology, and Formats of PRACH
4.1 Wideband PRACH design
It has been identified in RAN1 #97 that the following two alternatives to the wideband PRACH frequency resource mapping design can be considered:
· Alt1: ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Alt2: Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
Performance comparison between Alt1 and Alt2
Both Alt1 and Alt2 can meet the occupied channel bandwidth (OCB) regulation, and the performances of Alt1 and Alt2 are comparable in terms of most metrics. Specifically, at 30 kHz PRACH SCS, the maximum allowed transmit power for both 4 repeated NR-U PRACH with 12 consecutive PRBs as well as a single PRACH sequence of length 571 is 22.3 dBm, which is close to the 23 dBm maximum allowed transmit power per nominal bandwidth allowed by regulation. As a result of the similar maximum transmit power and frequency-continuous mapping, both Alt1 and Alt2 can achieve similar performance in terms of coverage, miss-detection probability and timing estimation accuracy.
In terms of the PAPR performance, despite direct repetition of same PRACH sequence corresponds to a higher PAPR value than a single long PRACH sequence, the higher PAPR performance for Alt2 can be compensated through: (1) allowing the PRACH sequences to have difference phase rotations/cyclic shift across different repetition; and/or (2) using a smaller number of frequency repetitions by exploiting the temporal allowance for OCB to be less than 80% of nominal bandwidth with a minimum of 2 MHz. With such enhancements, comparable PAPR performance can be achieved between Alt1 and Alt2 [5].
In terms of PRACH capacity per cell, which refers to the number of preambles per RO and number of ROs for the same time and frequency resources [1], both Alt1 and Alt2 also have similar performance. Specifically, for a given PRACH preamble format, both Alt1 and Alt2 would correspond to the same number of ROs within the same time and frequency resource (e.g., 1 PRACH slot within a nominal channel bandwidth). In addition, on a per RO basis, both Alt1 and Alt2 can easily generate 64 PRACH preambles in each RO, which is the maximum number of PRACH preambles defined for each RO in Rel-15. As a result, despite the single long PRACH sequence can generate a higher total number of available preambles compared to repetition of Rel-15 PRACH sequences [5], the PRACH capacity per cell supported by Alt2 is already sufficient for NR-U applications. Furthermore, since NR-U mainly targets the small cell scenarios with relatively small cell radius, and the CAT-4 LBT requirement can reduce the number of UEs simultaneously attempting PRACH, the PRACH capacity after all is not a critical issue for NR-U.
Standardization efforts comparison between Alt1 and Alt2
Despite the very similar PRACH performance in terms of every key metric, Alt1 and Alt2 differs significantly in terms of the standardization efforts. Specifically, in order to support Alt1 with a single long wideband PRACH sequence, at least the following standardization efforts need to be addressed:
· Indication method of the long wideband PRACH sequence length.
· Modify or re-interpret the existing Rel-15 PRACH configuration table when a long wideband PRACH sequence is configured. 
· Define the supported Ncs values and the corresponding mapping from zeroCorrelationZoneConfig to Ncs for each additionally introduced long wideband PRACH sequence length.
· Define the number of supported root indexes and mapping from logical root sequence index to physical root sequence index for each additionally introduced wideband PRACH sequence length.
· Define the frequency domain resource configuration for the long wideband PRACH sequence. 
Since Alt2 is based on repetition of existing Rel-15 PRACH sequences, the previous standardization efforts in order to support Alt1 are not required. By contrast, Alt2 can be supported by reusing most PRACH configurations from Rel-15 with minor changes. For example, Alt2 with N (e.g., N = 1, 2, 4, 8) repetitions of the PRACH sequence in the frequency-domain can be supported by configuring the number of FDM’ed ROs to be N and the number of ROs associated with an SS/PBCH block to be N; and by allowing each UE to utilize all the N ROs associated with its selected SS/PBCH block to transmit the repeated PRACH sequences. The repetitions of PRACH sequence in frequency domain can be mapped to contiguous RBs within the same UL BWP similar to Rel-15. In addition, a fixed phase rotation/cyclic shifts across different repetitions can be defined in the specification to reduce PAPR for Alt2. 
Since comparable PRACH performance between Alt1 and Alt2 can be achieved but Alt1 requires much higher standardization efforts, NR-U can reuse the legacy Rel-15 NR PRACH sequence of length 139 with repetitions in frequency domain.
Proposal 9: NR-U shall support reusing legacy Rel-15 NR PRACH sequence with repetitions in frequency domain.
Design details for Alt2
To support Alt2 with repetition of Rel-15 NR PRACH preamble in the frequency domain, a first design consideration is the frequency-domain mapping of the repeated PRACH sequences. Specifically, the repetition of PRACH sequences can be contiguous in frequency domain on a RO-level, which means if the number of repetitions is , the repeated PRACH sequences will consist of  consecutive RBs, wherein each RO has 12 RBs and the PRACH preamble sequence is mapped to subcarrier #2 to #140 in the RO. An illustration of the RO-level repetition with n = 4 repeated preamble sequences (e.g., for 30 kHz PRACH SCS) is provided in Figure 4. 



Figure 4. An example of RO-level repetition. 

Another design detail for repeated PRACH preambles is the number of repetitions. In order to meet the OCB regulation with minimal specification impact, the number of repeated PRACH preambles in the frequency domain within a single LBT sub-band can be fixed to be 8 and 4 for 15 kHz PRACH SCS and 30 kHz PRAC SCS respectively. 
Since direct repetition of the same PRACH preamble sequence can lead to higher PAPR performance, phase rotation can be applied to reduce the PAPR. Specifically, a same phase rotation can be applied for all subcarriers within a RO, while different phase rotations can be applied across the repeated ROs. The phase rotation value can be specified, wherein the phase rotation applied to the k-th RO (0 <= k < n with n being the number of RO repetitions) can be k/n). Alternatively, the phase rotation can also be spec transparent, which can be determined by UE implementation through optimizing the PAPR/CM metric. 
Proposal 10: NR-U PRACH with repetition of Rel-15 PRACH sequences can be designed as the following: 
· NR-U supports PRACH transmission on 4 ROs for 30 kHz SCS and 8 ROs for 15 kHz SCS in a single LBT-subband, wherein each RO has 12 RBs.
· Same length-139 PRACH preamble sequence with CM reduction mechanism is mapped to subcarriers #2 to #140 in each RO.
· The CM reduction mechanism includes a time domain cyclic shift and a frequency domain phase shift.

4.2 PRACH Numerology
Despite supporting 60 kHz SCS for PRACH in FR1 NR-U may lead to faster PRACH transmission and further compensation for PSD limit over 30 kHz SCS, many enhancements are needed from NR Rel-15. For examples, such enhancements can include: (1) support the configuration of 60 kHz SCS through RRC layer besides the legacy 15 kHz SCS and 30 kHz SCS; (2) reinterpret each entry of the PRACH configuration table when PRACH SCS is 60 kHz; or add additional entries to the PRACH configuration table, such that the PRACH time-domain resource with 60 kHz SCS for FR1 NR-U can be determined. Therefore, it is preferred to not introduce 60 kHz PRACH SCS for Rel-16 NR-U. 
Proposal 11: No new PRACH subcarrier spacings are specified for Rel-16 NR-U.
4.3 Multiplexing of PRACH with other UL channels
With the support of repetition of legacy PRACH sequences in frequency domain, it is sufficient to support PRACH to be FDM’ed only with other PRACH, and multiplexing PRACH and PUSCH/PUCCH in a TDM manner, at least within the initial active UL BWP. Since PRACH and PUSCH/PUCCH are separated in time domain, the resource allocation is much easier since different waveforms (continuous and interlaced) are applied for PRACH and PUSCH/PUCCH. Besides, the potential LBT blocking due to TA difference between FDM’ed PUSCH/PUCCH and PRACH could be avoided.
Proposal 12: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.
5 Modification to PRACH Occasions for LBT 
In Rel-15 NR, PRACH can be transmitted in the time resources given by the higher-layer parameter PRACHConfigurationIndex, based on which the RACH occasions can be derived from the PRACH configuration table. In particular, the RO(s) within a RACH slot are allocated consecutively in Rel-15 NR, as shown in the example of Figure 2 with format A2. 
Given that LBT is required before each PRACH transmission, the consecutive allocation of ROs within a PRACH slot could lead to the scenario where LBT for a RO is failed due to a PRACH transmission utilizing the previous RO. In a specific example, consider a UE allocated with RO2 (which ranges from symbol #4 to symbol #7) in Figure 5, wherein the NR-U PRACH SCS is 30 kHz. If the UE applies CAT-4 PRACH LBT with lowest priority class value (i.e., highest priority) and a contention window size of 7, the LBT requires at least 3 OFDM symbols and the UE needs to perform CAT-4 LBT at least from symbol #1 to symbol #3. However, since symbol #1 to symbol #3 overlaps with RO1, the LBT of the UE is very likely to be blocked by other UE(s) that transmits on RO1. This LBT blocking issue between neighboring ROs becomes even more significant when NR-U uses a wideband PRACH waveform, since the corresponding PRACH transmit power will be close to the maximum allowed transmit power per nominal bandwidth.


Figure 5. An example of consecutive RO allocation within a PRACH slot.
To alleviate the LBT blocking issue, one option is to allow the neighboring ROs within the same RACH slot to be non-consecutive, with a gap duration introduced between two neighboring ROs, wherein the gap can be utilized for incorporating the LBT resource overhead in transmitting PRACH in the RO that comes after this gap. With CAT-4 LBT for PRACH, the LBT duration is non-deterministic, and the gap duration can be chosen such that it is not less than the PRACH LBT duration assuming each step of the CAT-4 LBT procedure is successful. For example, for CAT-4 PRACH LBT with lowest priority class value (i.e., highest priority) and a contention window size of 7, a gap duration of 3 OFDM symbols needs to be introduced between neighboring ROs for NR-U PRACH with 30 kHz SCS. An illustration of introducing a gap duration of 3 OFDM symbols between two neighboring ROs is provided in Figure 6, wherein the first RO is of format A2 and second RO is of format B2.

                                                                                                                                                                          
Figure 6. An example of gap between neighboring ROs for PRACH LBT overhead.
This option can avoid the LBT blocking issue between neighboring ROs, which happens with consecutively allocated ROs. However, enhancements are needed to configure ROs and the gap duration for this option. Introduction of such gap could be done either by indicating the even or odd indexed RO in the RACH slot to be used for NRU PRACH (and the leftover ROs in between are used for the gap); or by enhancing the Rel-15 PRACH configuration table and/or adding new higher layer parameters. 
Specifically, in one approach, the gap duration between neighboring ROs can be achieved by configuring UEs to only utilize the RACH occasions with odd indexes 2n+1 (e.g., the 1-st, 3-rd, 5-th) within the RACH slot for PRACH transmissions, while the RACH occasions with even indexes 2n (e.g., the 0-th, 2-nd, 4-th) can be used for the LBT operation of UEs that will utilize RO with index 2n+1. This approach can directly use the existing PRACH configuration table from Rel-15 and thus requires less changes. An illustration of this approach is illustrated in Figure 7, wherein 6 ROs with PRACH preamble format A1 are configured within the RACH slot, among which 3 ROs are configured as the LBT gap.

[image: ]
Figure 7. An example of creating LBT gap through even/odd RO indexes.
In another approach to configure the LBT gaps, the gap duration between neighboring ROs can be configured through enhancing the Rel-15 PRACH configuration table and/or adding new higher layer parameters. For example, the PRACH configuration table from Rel-15 can be enhanced by adding a new column on the number of LBT symbols for the gap duration, and the other columns such as the number of time-domain PRACH occasions within a PRACH slot can be modified accordingly to incorporate such LBT overhead. 
Proposal 12: 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.
6 Conclusion
The observations and proposals made in this contribution are summarized below:
Observation 1: SS/PBCH block pattern Option 2 has better coding rate than Option 1. 

Observation 2: Alt 1 cannot support half-slot based operation and introduces different UE behaviour from NR Rel-15 in initial access procedure.  

Observation 3: There is no need to change type B PDSCH design, regardless of which alternative is supported.

Observation 4: There is no need to support short PUCCH in DRS burst. 

Observation 5: There is no issue for RO for all the alternatives. 

Observation 6: SS/PBCH block pattern Option 2 has better flexibility in future compatibility. 

Observation 7: The RE-level offset (i.e., k_SSB) is from {0, 4, 8, 12, 16, 20}.

Observation 8: For 30 kHz SCS, the RB-level offset between SSB and carrier boundary is from {0, 1, 2, 3, 4, 5}.

Observation 9: For 15 kHz SCS, the RB-level offset between SSB and carrier boundary is from {13, 14, 15, 16, 17, 18, 19, 20, 21}.

Proposal 1: For NR-U DRS, Alt 2 shall be supported.

Proposal 2: For NR-U DRS, PDSCH of RMSI can rate match around SS/PBCH block(s) within the same slot.

Proposal 3: The DCI format for RMSI (e.g. DCI format 1_0 with CRC scrambled by SI-RNTI) indicates the actually transmitted SS/PBCH blocks within the slot.

Proposal 4: CSI-RS can be configured in the symbols not overlapping SS/PBCH block in NR-U DRS.

Proposal 5: At least one of the following set of configurations on Type0A/2-PDCCH CSS should be supported for NR-U DRS, and PDCCH/PDSCH of OSI/paging are wrapped-around together with the transmission of the QCLed SS/PBCH blocks:
· Option 1: A burst of OSI/Paging is transmitted right after the burst of SS/PBCH blocks;
· Option 2: OSI/Paging shared the same burst with SS/PBCH blocks by muting some SS/PBCH block transmissions.

Proposal 6: For NR-U, the indication of k_SSB in PBCH payload remains the same as Rel-15.

Proposal 7: NR-U supports the following CORESET #0 configuration tables.
Table X-1 CORESET #0 configuration table for {SCS_SSB, SCS_CORESET} = {30 kHz, 30 kHz}
	Index
	Multiplexing pattern
	CORESET#0 BW
	No. of symbols for CORESET #0
	Offset

	0
	1
	48
	1
	0

	1
	1
	48
	1
	4

	2
	1
	48
	2
	0

	3
	1
	48
	2
	4



Table X-2 CORESET #0 configuration table for {SCS_SSB, SCS_CORESET} = {15 kHz, 15 kHz}
	Index
	Multiplexing pattern
	CORESET#0 BW
	No. of symbols for CORESET #0
	Offset

	0
	1
	96
	1
	13

	1
	1
	96
	2
	13



Proposal 7: Support Alt 1 for RMSI reception on SCell.

Proposal 8: For RMSI reception on SCell, confirm the working assumption with the following clarification:
· The second offset is expected to be an integer, in the unit of RB in term of SCS of CORESET for Type0-PDCCH CSS set.

Proposal 9: NR-U shall support reusing legacy Rel-15 NR PRACH sequence with repetitions in frequency domain.

Proposal 10: NR-U PRACH with repetition of Rel-15 PRACH sequences can be designed as the following: 
· NR-U supports PRACH transmission on 4 ROs for 30 kHz SCS and 8 ROs for 15 kHz SCS in a single LBT-subband, wherein each RO has 12 RBs.
· Same length-139 PRACH preamble sequence with CM reduction mechanism is mapped to subcarriers #2 to #140 in each RO.
· The CM reduction mechanism includes a time domain cyclic shift and a frequency domain phase shift.

Proposal 11: No new PRACH subcarrier spacings are specified for Rel-16 NR-U.

Proposal 12: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.

Proposal 13: 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.
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