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1. Introduction

In RAN1#96bis and RAN1#97 meetings [1]-[2], the following agreements and conclusion were made related to initial access signals and channels for NR-U.
	Agreement:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U

Conclusion:

There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item.
Agreement:

For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options

· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]

· 30 kHz: Choose one of L_RA=[283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric

· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz

· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.

· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.


In this contribution, we discuss DRS and RACH designs for NR-U operation.
2. DRS design
2.1. Type0-PDCCH configuration
Based on the conclusion made in RAN1#97 meeting, type0-PDCCH configuration defined for Rel-15 NR can be reused. Related part in NR specification is captured, as below.
	For the SS/PBCH block and CORESET multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots starting from slot 
[image: image1.wmf]0

n

. For SS/PBCH block with index 
[image: image2.wmf]i

, the UE determines an index of slot 
[image: image3.wmf]0

n

 as 
[image: image4.wmf]ë

û

(

)

m

m

,

frame

slot

0

mod

2

N

M

i

O

n

×

+

×

=

 located in a frame with system frame number (SFN) 
[image: image5.wmf]C

SFN

 satisfying 
[image: image6.wmf]0

2

mod

SFN

C

=

 if 
[image: image7.wmf]ë

û

(

)

ë

û

0

2

mod

2

,

frame

slot

=

×

+

×

m

m

N

M

i

O

 or in a frame with SFN satisfying 
[image: image8.wmf]1

2

mod

SFN

C

=

 if 
[image: image9.wmf]ë

û

(

)

ë

û

1

2

mod

2

,

frame

slot

=

×

+

×

m

m

N

M

i

O

. 
[image: image10.wmf]M

 and 
[image: image11.wmf]O

 are provided by Tables 13-11 and 13-12, and 
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 based on the SCS for PDCCH receptions in the CORESET [4, TS 38.211]. The index for the first symbol of the CORESET in slot 
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 is the first symbol index provided by Tables 13-11 and 13-12.

Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR1

Index


[image: image14.wmf]O


Number of search space sets per slot

[image: image15.wmf]M


First symbol index

0

0
1
1
0
1

0
2
1/2
{0, if 
[image: image16.wmf]i

 is even}, {
[image: image17.wmf]CORESET

symb

N

, if 
[image: image18.wmf]i

 is odd}
2

2
1
1
0
3

2
2
1/2
{0, if 
[image: image19.wmf]i

 is even}, {
[image: image20.wmf]CORESET

symb

N

, if 
[image: image21.wmf]i

 is odd}
4

5
1
1
0
5

5
2
1/2
{0, if 
[image: image22.wmf]i

 is even}, {
[image: image23.wmf]CORESET

symb

N

, if 
[image: image24.wmf]i

 is odd}
6

7
1
1
0
7

7
2
1/2
{0, if 
[image: image25.wmf]i

 is even}, {
[image: image26.wmf]CORESET

symb

N

, if 
[image: image27.wmf]i

 is odd}
8

0
1
2
0
9

5
1
2
0
10

0
1
1
1
11

0
1
1
2
12

2
1
1
1
13

2
1
1
2
14

5
1
1
1
15
5
1
1
2



Among 16 indices in the above table 13-11, index #1 seems the most suitable for NR-U DRS, since the number of LBT trials can be minimized if SS/PBCH block and associated CORESET#0 are transmitted in the same slot. Figure 1 depicts location of SS/PBCH block and CORESET#0 if index #1 is applied.
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Figure 1. Example of SSB and associated CORESET#0 transmitted in the same slot: (a) 1-symbol CORESET#0 and (b) 2-symbol CORESET#0
From Figure 1(b), it is observed that 2-symbol CORESET#0 for SSB#n+1 can be overlapped with SSB#n at the same slot. To figure out this problem, following options can be considered and option 1 is preferred.

· Option 1: If 2-symbol CORESET#0 is configured, UE assumes that neither SSB#n+1 nor CORESET#0 for SSB#n+1 is transmitted.

· Option 2: CORESET#0 for SSB#n+1 is regarded as valid if UE detects SSB#n+1 or if it is signalled that SSB#n is not transmitted.
Proposal #1: If two SS/PBCH blocks (i.e., SS/PBCH block index n and SS/PBCH block index n+1) and corresponding 2-symbol CORESETs index 0 are configured to be transmitted in the same slot, UE assumes that neither a SS/PBCH block index n+1 nor CORESET index 0 associated with the SS/PBCH block is transmitted.
2.2. RMSI PDSCH

In Rel-15 NR, when UE receives RMSI PDSCH, UE does not assume that the allocated time/frequency domain resource for RMSI PDSCH is overlapped with any other signal/channel. On the other hand, for NR-U, RMSI PDSCH can be transmitted with associated SS/PBCH block in the same slot to satisfy OCB regulatory requirement and to fill the gap between SS/PBCH block bursts. As shown in Figure 2(a), RMSI PDSCH can be TDM/FDMed with associated SS/PBCH block. In addition, as shown in Figure 2(b), for the purpose of increasing the reliability of RMSI PDSCH, RMSI PDSCH can be transmitted spanning almost whole slot. Therefore, a mechanism can be necessary for a UE to recognize which SS/PBCH block in a slot is transmitted or not transmitted, as follows.
· Option 1: Dynamic indication of rate-matching information for RMSI PDSCH (e.g., via PBCH, RMSI PDCCH)
·  Ex1) 2 bit bitmap to indicate whether each SS/PBCH block in a slot is transmitted or not
·  Ex2) Indication of whether RBs occupied by SS/PBCH block but not overlapped with SS/PBCH block in time domain (e.g., shaded region in Figure 2(a)) are mapped to RMSI PDSCH or not

· Option 2: Implicit indication of rate-matching information for RMSI PDSCH

·  Ex1) If RMSI PDSCH resource is overlapped with the resource for associated SS/PBCH block, UE assumes that the SS/PBCH block is transmitted.

·  Ex2) If RMSI PDSCH resource is overlapped with the resource for not associated SS/PBCH block, UE assumes that the SS/PBCH block is not transmitted.
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Figure 2. Examples of SS/PBCH block position and corresponding RMSI PDCCH and RMSI PDSCH
Proposal #2: Consider following options for a UE to recognize rate-matching pattern for RMSI PDSCH around SS/PBCH block in the same slot and Option 2 is preferred since it does not require any additional signalling overhead.

· Option 1: Dynamic indication of rate-matching information for RMSI PDSCH (e.g., via PBCH, RMSI PDCCH)
· Option 2: Implicit indication of rate-matching information for RMSI PDSCH
·  If RMSI PDSCH resource is overlapped with the resource for associated SS/PBCH block, UE assumes that the SS/PBCH block is transmitted. If RMSI PDSCH resource is overlapped with the resource for not associated SS/PBCH block, UE assumes that the SS/PBCH block is not transmitted.
2.3. No RMSI indication

In RAN4, it was agreed that NR-U synchronization raster should be based on GSCN (global synchronization channel number) in Rel-15 NR design (i.e., 1.44 MHz grid offset from 3 GHz). Moreover, it is discussing to reduce the number of synchronization rasters per 20 MHz. In Rel-15 NR, if a PBCH does not contain type0-PDCCH configuration, the PBCH can inform initial access UE a new GSCN which is conveying RMSI (, which is referred as to “no RMSI indication”). For the case where the PBCH indicates a new GSCN with RMSI on unlicensed band, the GSCN may not coincide with the synchronization raster for NR-U due to the sparsely defined synchronization raster per 20 MHz. Therefore, it could be necessary to re-interpret the indicated new GSCN, e.g., as the synchronization raster on the 20 MHz closest to the indicated GSCN.
However, considering multiple NR-U operators may co-exist on the same frequency band, if a PBCH from PLMN ID #X signals “no RMSI indication”, UE that is served from PLMN ID #Y can move to the indicated new GSCN since UE cannot differentiate operator by decoding PBCH. As a result, “no RMSI indication” in NR-U may have a drawback that increases initial access latency. To resolve this issue, it can be proposed to mandate transmitting RMSI for a SS/PBCH block on synchronization raster for NR-U. In other words, UE does not expect to be signalled with 
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 for a SS/PBCH block on synchronization raster for NR-U.
Proposal #3: UE assumes that a SS/PBCH block corresponding to synchronization raster defined for NR-U provides type0-PDCCH common search space configuration.
3. PRACH design

3.1. PRACH preamble structure
· Frequency domain mapping
In RAN1 #96bis meeting, it was agreed to only consider following two alternatives for NR-U PRACH preamble structure in terms of frequency domain sequence mapping:

· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
Regarding the Alt 1 (i.e., F-domain PRACH sequence repetition), firstly, four times (x4) repeated Rel-15 PRACH preamble sequences and eight times (x8) repeated Rel-15 PRACH preamble sequences are considered for 30 kHz and 15 kHz subcarrier spacing, respectively. In case of this F-domain sequence repetition, considering the performance in terms of PAPR and cubic metric, some mechanisms such as use of cyclic shift hopping and/or phase shift pattern across repeated sequences is to be considered. Table 1 shows some evaluation results on the cyclic shift hopping and/or phase shift pattern in terms of PAPR and cubic metric according to subcarrier spacing. 

Regarding to ‘cyclic shift’ (CS), the cyclic shift value ‘a’ is determined according to the current PRACH preamble selection formula in Rel-15 NR. To be specific, the cyclic shift value ‘a’ is set as a multiple of NCS (e.g. a = k x NCS, where NCS = 11) with time-domain sample granularity when the time domain random-access preamble sequence is generated. Correspondingly, the cyclic shift value ‘a+1’ means a shift of {a+1} time-domain samples (e.g. a + 1 = k x NCS + 1, where NCS = 11). Meanwhile, regarding to ‘phase shift’ (PS), four phase shift candidates, such as [1, 1i, -1, -1i], are considered. In this evaluation, the F-domain sequence-level phase shift is considered. For examples, if ‘1i’ is selected as the phase shift candidate for a given sequence, all the resource elements (RE) of the sequence are multiplied by the phase ‘1i’.

Table 1. PAPR and CM performance of using CS and/or PS according to subcarrier spacing
	Sequence type with Cyclic shift and/or Phase shift
	PAPR (dB)
	CM (dB)

	Length-139 ZC sequence (Legacy NR)
	3.2191
	1.975

	30 kHz SCS
	Length-571 ZC sequence
	3.2046
	1.989

	
	x4 Repetition PRACH with Length-139 ZC sequence
 without additional mechanisms
	6.4557
	7.166

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+11, a+22, a+33]*
	4.4755
	4.86

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1, a, a+1]
	5.3586
	4.043

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1, a+2, a+3]
	4.3672
	4.482

	
	x4 Repetition PRACH with Length-139 ZC sequence
PS [1, 1i, 1i, 1], [3]
	4.0131
	3.29

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+11, a+22, a+33]* & PS [1, 1i, 1i, 1]
	4.5232
	4.697

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1, a, a+1] & PS [1, 1i, 1i, 1]
	3.4331
	1.804

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1, a+2, a+3] & PS [1, 1i, 1i, 1]
	4.3989
	3.801

	
	x2 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1]
	3.6069
	2.127

	15 kHz SCS
	Length-1151 ZC sequence
	3.1963
	1.976

	
	x8 Repetition PRACH with Length-139 ZC sequence 
without additional mechanisms
	8.2422
	10.374

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+11, a+22, a+33, a+44, a+55, a+66, a+77]*
	4.4459
	5.91

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+1, a, a+1, a, a+1, a, a+1]
	7.2317
	7.062

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+1, a+2, a+3, a+4, a+5, a+6, a+7]
	4.1739
	6.24

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 PS [1, 1i, 1i, -1, -1, 1i, 1i, 1], [3]
	4.3751
	3.741

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+11, a+22, a+33, a+44, a+55, a+66, a+77]* 
& PS [1, 1i, 1i, -1, -1, 1i, 1i, 1]
	4.5263
	5.228

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+1, a, a+1, a, a+1, a, a+1] 
& PS [1, 1i, 1i, -1, -1, 1i, 1i, 1]
	3.5189
	1.899

	
	x8 Repetition PRACH with Length-139 ZC sequence 
 CS [a, a+1, a+2, a+3, a+4, a+5, a+6, a+7] 
& PS [1, 1i, 1i, -1, -1, 1i, 1i, 1]
	4.4209
	5.163

	
	x4 Repetition PRACH with Length-139 ZC sequence
CS [a, a+1, a, a+1] & PS [1, 1i, 1i, 1]
	3.4351
	1.806


* NCS=11

According to Table 1, 4-times PRACH sequence repetition by using CS pattern [a, a+1, a, a+1] and PS pattern [1, 1i, 1i, 1] could achieve better performance than other cases in terms of cubic metric for 30 kHz subcarrier spacing. Moreover, 8-times PRACH sequence repetition by using CS pattern [a, a+1, a, a+1, a, a+1, a, a+1] and PS pattern [1, 1i, 1i, -1, -1, 1i, 1i, 1] could obtain better performance than other cases in terms of cubic metric for 15 kHz subcarrier spacing. Therefore, based on the CM performance, the combination of CS pattern [a, a+1, a, a+1] and PS pattern [1, 1i, 1i, 1] is to be applied for 4-times repeated PRACH sequences for 30 kHz subcarrier spacing and the combination of CS pattern [a, a+1, a, a+1, a, a+1, a, a+1] and PS pattern [1, 1i, 1i, -1, -1, 1i, 1i, 1] is to be applied for 8-times repeated PRACH sequences for 15 kHz subcarrier spacing.

By using the above CS and PS patterns, F-domain PRACH sequence repetition schemes (Alt 1) could provide comparable performance with the single long PRACH sequence (Alt 2) from the MCL point of view. Table 2 and Table 3 show the MCL performances for different PRACH sequence mapping schemes according to subcarrier spacing. In the tables, the SNR values (dB) are determined based on the 1% miss-detection rate in Figure 2 and Figure 6 in [4], respectively, and the Backoff values (dB) are obtained from the 95% percentile of CCDF of CM for PRACH signal generated based on each of the sequence mapping schemes. In this MCL evaluations, following four cases are considered in this evaluation according to subcarrier spacing, as shown in Figure 3 and Figure 4. 

· For 30 kHz SCS,

· Case 1: Contiguous mapping of single PRACH sequence (Rel-15 NR)

· Case 2: Repetition of two PRACH sequences in frequency domain (Alt4-ZC139x2)

· Case 3: Repetition of four PRACH sequences in frequency domain (Alt4-ZC139x4) 

· Case 4: Contiguous mapping of single long PRACH sequence (Alt4-ZC571)
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Figure 3. Different PRACH preamble mapping cases for performance evaluations. (30 kHz SCS)

· For 15 kHz SCS,
· Case 1: Contiguous mapping of single PRACH sequence (Rel-15 NR)

· Case 2: Repetition of four PRACH sequences in frequency domain (Alt4-ZC139x4)

· Case 3: Repetition of eight PRACH sequences in frequency domain (Alt4-ZC139x8) 

· Case 4: Contiguous mapping of single long PRACH sequence (Alt4-ZC1151)
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Figure 4. Different PRACH preamble mapping cases for performance evaluations. (15 kHz SCS)
Table 2. MCLs for different PRACH preamble mapping (Case 1/2/3/4, 30 kHz SCS).
	Parameter
	Value
	Value
	Value
	Value

	Scheme
	Rel-15 (Case 1)
	Alt4-ZC139x2 (Case 2)
	Alt4-ZC139x4 (Case 3)
	Alt4-ZC571 (Case 4)

	SCS
	30 kHz
	30 kHz
	30 kHz
	30 kHz

	PRACH sequence length (L_RA)
	139
	139
	139
	571

	# of repetition (R)
	1
	2
	4
	1

	N_cs
	11
	11
	11
	47

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

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

	RACH frequency occupancy (MHz)
	30k*139*1 = 4.17M
	30k*139*2 = 8.34M
	30k*139*4 = 16.68M
	30k*571*1 = 17.13M

	Noise level, Np (dBm)
	-174 + 10log10(4.17M) + 5 = -102.8
	-174 + 10log10(8.34M) + 5 = -99.8
	-174 + 10log10(16.68M) + 5 = -96.8
	-174 + 10log10(17.13M) + 5 = -96.7

	SNR (dB) [4]
	-5
	-9.4
	-11.9
	-12.2

	P_max (dBm)
	10+10log10(4.17) = 16.2
	10+10log10(8.34) = 19.2
	10+10log10(16.68) = 22.2
	10+10log10(17.13) = 22.3

	Backoff (dB)
	1.9750
	2.127
	1.804
	1.989

	P_TX (dBm)
	min(16.2, 23-1.9750) = 16.2
	min(19.2, 23-2.127) = 19.2
	min(22.2, 23-1.804) = 21.196
	min(22.3, 23-1.989) = 21.011

	MCL (dB)

= P_TX-SNR-Np
	16.2-(-5)-(-102.8) = 124.0
	19.2-(-9.4)-(-99.8) = 128.4
	21.196-(-11.9)-(-96.8) = 129.896
	21.011-(-12.2)-(-96.7) = 129.911

	N_FDM

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

	# of preambles per RO
	64
	64
	64
	64

	Capacity
	4*64 = 256
	1*64 = 64
	1*64 = 64
	1*64 = 64


Table 3. MCLs for different PRACH preamble mapping (Case 1/2/3/4, 15 kHz SCS).
	Parameter
	Value
	Value
	Value
	Value

	Scheme
	Rel-15 (Case 1)
	Alt4-ZC139x4 (Case 2)
	Alt4-ZC139x8 (Case 3)
	Alt4-ZC1151 (Case 4)

	SCS
	15 kHz
	15 kHz
	15 kHz
	15 kHz

	PRACH sequence length (L_RA)
	139
	139
	139
	1151

	# of repetition (R)
	1
	4
	8
	1

	N_cs
	11
	11
	11
	95

	# of RBs used for one RO (N_RB)
	12
	48
	96
	96

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

	RACH frequency occupancy (MHz)
	15k*139*1 = 2.085M
	15k*139*4 = 8.34M
	15k*139*8 = 16.68M
	15k*1151*1 = 17.265M

	Noise level, Np (dBm)
	-174 + 10log10(2.085M) + 5 = -105.81
	-174 + 10log10(8.34M) + 5 = -99.8
	-174 + 10log10(16.68M) + 5 = -96.8
	-174 + 10log10(17.265M) + 5 = -96.6

	SNR (dB) [4]
	-4.6
	-11.9
	-14.7
	-14.8

	P_max (dBm)
	10+10log10(2.085) = 13.19
	10+10log10(8.34) = 19.21
	10+10log10(16.68) = 22.22
	10+10log10(17.265) = 22.37

	Backoff (dB)
	1.975
	1.805
	1.899
	1.976

	P_TX (dBm)
	min(13.19, 23-1.975) = 13.19
	min(19.21, 23-1.805) = 19.21
	min(22.22, 23-1.899) = 21.101
	min(22.37, 23-1.976) = 21.024

	MCL (dB)

= P_TX-SNR-Np
	13.19-(-4.6)-(-105.81) = 123.6
	19.21-(-11.9)-(-99.8) = 130.91
	21.101-(-14.7)-(-96.8) = 132.601
	21.024-(-14.8)-(-96.6) = 132.424

	N_FDM

(# of ROs in 20MHz)
	8
	2
	1
	1

	# of preambles per RO
	64
	64
	64
	64

	Capacity
	8*64 = 512
	2*64 = 128
	1*64 = 64
	1*64 = 64


As seen in the above Table 2, the F-domain repetition of two PRACH sequences can achieve better MCL (4.4 dB) than the legacy Rel-15 NR PRACH mapping. In addition, the F-domain repetition of four PRACH sequences can also provide better MCL (5.9 dB) than the legacy Rel-15 NR PRACH mapping. Moreover, contiguous mapping of length-571 ZC sequence can also provide better MCL (5.9 dB) than the legacy Rel-15 NR PRACH mapping. Note here that, the F-domain repetition of four PRACH sequences can achieve similar MCL with contiguous mapping of length-571 ZC sequence.

Meanwhile, according to Table 3, the F-domain repetition of four PRACH sequences can achieve better MCL (7.3 dB) than the legacy Rel-15 NR PRACH mapping. In addition, the F-domain repetition of eight PRACH sequences can also provide better MCL (9.0 dB) than the legacy Rel-15 NR PRACH mapping. Moreover, contiguous mapping of length-1151 ZC sequence can also provide better MCL (8.8 dB) than the legacy Rel-15 NR PRACH mapping. Note here that, the F-domain repetition of eight PRACH sequences can achieve similar MCL with (or slightly better MCL than) contiguous mapping of length-1151 ZC sequence.

Observation #1: In 30 kHz subcarrier spacing, four PRACH sequence repetition and the length-571 contiguous mapping PRACH sequence could obtain almost same MCL.

Observation #2: In 15 kHz subcarrier spacing, eight PRACH sequence repetition and the length-1151 contiguous mapping PRACH sequence could obtain almost same MCL.
Regarding the Alt 2 (i.e., single long PRACH sequence with contiguous mapping), on the other hand, has many disadvantages compare to the F-domain PRACH sequence repetition as follows.

First of all, lots of specification works are required to support single long PRACH sequence with contiguous mapping. To be specific, if single long PRACH sequence is supported, new PRACH sequence with new sequence length needs to be introduced, and if it is introduced (even if it is a ZC sequence), appropriate root indexes should be evaluated (and ordered) and proper CS values should also be determined. If the sequence with new length is not a ZC sequence, additional specification works would be required on top of the above. Moreover, if single long PRACH sequence is introduced, different length of PRACH sequences needs be defined according to PRACH SCS in order to satisfy OCB requirement.

In addition, the RACH occasion (RO) sharing with legacy Rel-15 NR PRACH sequence would be impossible in case with the single long PRACH sequence with contiguous mapping due to difference of sequence length. On the other hand, sharing RO with legacy Rel-15 NR PRACH would be possible in case with F-domain PRACH sequence repetition since the same ZC sequence as in legacy Rel-15 NR PRACH are reused for the F-domain repetition. 
Moreover, in case with the single long PRACH sequence with contiguous mapping, the number of ROs would be limited to only one because it has to occupy more than 80% of LBT sub-band BW for OCB requirement. On the other hand, as shown in Case 2 in Figure 4, the F-domain repetition of four PRACH sequences could provide up to two ROs in case of 15 kHz SCS while MCL performance might be slightly worse. In addition, the F-domain repetition of two (for 30 kHz SCS) or four (for 15 kHz SCS) PRACH sequences could support FDM multiplexing with legacy Rel-15 NR PUSCH/PUCCH/PRACH, while the single long PRACH sequence with contiguous mapping cannot multiplex with legacy Rel-15 NR PUSCH/PUCCH/PRACH in frequency domain. For these reasons, the single long PRACH sequence with contiguous mapping is not preferred (thus, not supported) for NR-U.

Observation #3: Single long PRACH sequence with contiguous mapping is not preferred (thus, not supported) for NR-U.
Proposal #4: Support frequency domain repetition of Rel-15 PRACH sequences with cyclic shift and phase shift as PRACH preamble structure for NR-U.

· For 15 kHz subcarrier spacing,

·  Number of repeated sequences: 8

·  Cyclic shift pattern: [a, a+1, a, a+1, a, a+1, a, a+1]
·  Phase shift pattern: [1, 1i, 1i, -1, -1, 1i, 1i, 1]
· For 30 kHz subcarrier spacing, 

·  Number of repeated sequences: 4
·  Cyclic shift pattern: [a, a+1, a, a+1]
·  Phase shift pattern: [1, 1i, 1i, 1]
· Time domain allocation
Regarding PRACH preamble format for NR-U, in order to ensure the time slot used for LBT operation at UE side, it may be required to insert CCA gap between adjacent RACH occasions (ROs) in time domain where FFS on the duration of CCA gap for PRACH transmission (e.g. X usec or Y symbol). In addition, to avoid inter-UE LBT blocking due to the propagation delay of PRACH (transmitted in an earlier RO), it may be required to add GP (Guard Period) after the preamble part where length of the GP may need to be the same with CP length considering the channel delay spread. For example, (as shown in Figure 5) the NR-U PRACH format could be formed as {CCA gap + CP + preamble part + GP} or {CP + preamble part + GP + CCA gap}, where FFS on time domain alignment of the PRACH format (e.g. with symbol level or with half-symbol level). 

Proposal #5: Consider the followings for PRACH preamble format in NR-U.

· Insertion of CCA gap between adjacent RACH occasions (ROs) in time domain 

·  FFS on duration of the CCA gap (e.g. X usec or Y symbol)

· Addition of GP (Guard Period) after preamble part in PRACH format 

·  Length of the GP is the same with CP length
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Figure 5. Example of PRACH preamble format for NR-U (with TDM allocation)
Regarding the CCA gap in the above, it is necessary to consider LBT type (e.g. Cat-4 LBT with variable CWS) applied for PRACH transmission. For an example, considering the channel access priority class defined for PRACH transmission, the CCA gap between adjacent ROs can be configured as {16+9*mp} usec in RACH slots, where the value of mp is determined according to the channel access priority class defined for PRACH. For another example, considering variable CWS in case of Cat-4 LBT based PRACH transmission, the CCA gap between adjacent ROs can be configured with different size across RACH slots, so that the UE can select the appropriate RACH slot according to its current CWS (or back-off counter) value.

Proposal #6: Determine CCA gap between adjacent ROs in time domain by considering LBT type applied for PRACH in terms of the channel access priority class and/or variable CWS (in case of Cat-4 LBT based PRACH transmission).

3.2. PRACH preamble format
In Rel-15 NR PRACH, two ZC sequences are used for PRACH preamble formats: length-839 ZC sequence and length-139 ZC sequence. To be specific, length-839 ZC sequence is used for preamble format 0, 1, 2, and 3 while length-139 ZC sequence is used for preamble format A1, A2, A3, B1, B2, B3, B4, C0, and C2, as shown in Table 4. 

Table 4. Preamble formats for Rel-15 NR PRACH where μ ∈ {0, 1, 2, 3} and κ = 64.
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0 839 1.25 kHz 24576k 3168k

1 839 1.25 kHz 2 X 24576k 21024k

2 839 1.25 kHz 4 X 24576k 4688i

3 839 5 kHz 4 X 6144k 3168k
A1 139 15 X 2# kHz 2 X 2048k X 27H 288k X 27H
A2 139 15 X 2# kHz 4 X 2048k X 27H 576K X 27H
A3 139 15 X 2# kHz 6 X 2048k X 27H 864K X 27H
B1 139 15 X 2# kHz 2 X 2048k X 27H 216K X 27H
B2 139 15 X 2# kHz 4 X 2048k X 27H 360K X 27H
B3 139 15 X 2# kHz 6 X 2048k X 27H 504K X 27#
B4 139 15 X 2# kHz 12 X 2048k X 27+ 936K X 27H
Cco 139 15 X 2# kHz 2048k X 27H 1240k X 27H
C1 139 15 X 2# kHz 4 X 2048k X 27H 2048k X 27H





Since small cell deployment is usually considered in NR-U, it is desirable to consider the preamble formats with short CP length, such as preamble format type A (i.e., A1, A2, and A3) and type B (i.e., B1, B2, B3, and B4). Regarding the preamble format type B, it has implicit guard period after the PRACH symbols with consideration of TDM multiplexing with other UL channels (e.g. PUSCH). However, if CCA gap between ROs (and/or after the last RO) within RACH slot is introduced in NR-U, it seems to be unclear whether the implicit guard period within PRACH duration would still be necessary. Therefore, whether to introduce the preamble formats B1, B2, B3, and B4 for NR-U needs further study.

In conclusion, at least the preamble formats A1, A2, and A3 should be supported in NR-U. To be more specific, the CP length, the symbol length, and the number of symbols of preamble formats A1, A2, and A3, respectively, should be reused in NR-U. Furthermore, after deciding the details/operations related to the CCA gap within RACH slot, determination of the number of ROs within a RACH slot for each preamble formats could be decided, and finally we could discuss on how to make PRACH configuration for NR-U based on those.

Proposal #7: Rel-15 NR PRACH preamble formats A1, A2, and A3 in terms of CP length, symbol length, and the number of symbols are reused for NR-U. 

4. Conclusion
In this contribution, we provided our views on DRS and RACH designs for NR-U operation, and proposals and observations are as follows.
Proposal #1: If two SS/PBCH blocks (i.e., SS/PBCH block index n and SS/PBCH block index n+1) and corresponding 2-symbol CORESETs index 0 are configured to be transmitted in the same slot, UE assumes that neither a SS/PBCH block index n+1 nor CORESET index 0 associated with the SS/PBCH block is transmitted.
Proposal #2: Consider following options for a UE to recognize rate-matching pattern for RMSI PDSCH around SS/PBCH block in the same slot and Option 2 is preferred since it does not require any additional signalling overhead.

· Option 1: Dynamic indication of rate-matching information for RMSI PDSCH (e.g., via PBCH, RMSI PDCCH)
· Option 2: Implicit indication of rate-matching information for RMSI PDSCH
·  If RMSI PDSCH resource is overlapped with the resource for associated SS/PBCH block, UE assumes that the SS/PBCH block is transmitted. If RMSI PDSCH resource is overlapped with the resource for not associated SS/PBCH block, UE assumes that the SS/PBCH block is not transmitted.
Proposal #3: UE assumes that a SS/PBCH block corresponding to synchronization raster defined for NR-U provides type0-PDCCH common search space configuration.
Observation #1: In 30 kHz subcarrier spacing, four PRACH sequence repetition and the length-571 contiguous mapping PRACH sequence could obtain almost same MCL.

Observation #2: In 15 kHz subcarrier spacing, eight PRACH sequence repetition and the length-1151 contiguous mapping PRACH sequence could obtain almost same MCL.
Observation #3: Single long PRACH sequence with contiguous mapping is not preferred (thus, not supported) for NR-U.
Proposal #4: Support frequency domain repetition of Rel-15 PRACH sequences with cyclic shift and phase shift as PRACH preamble structure for NR-U.

· For 15 kHz subcarrier spacing,

·  Number of repeated sequences: 8

·  Cyclic shift pattern: [a, a+1, a, a+1, a, a+1, a, a+1]
·  Phase shift pattern: [1, 1i, 1i, -1, -1, 1i, 1i, 1]
· For 30 kHz subcarrier spacing, 

·  Number of repeated sequences: 4
·  Cyclic shift pattern: [a, a+1, a, a+1]
·  Phase shift pattern: [1, 1i, 1i, 1]
Proposal #5: Consider the followings for PRACH preamble format in NR-U.

· Insertion of CCA gap between adjacent RACH occasions (ROs) in time domain 

·  FFS on duration of the CCA gap (e.g. X usec or Y symbol)

· Addition of GP (Guard Period) after preamble part in PRACH format 

·  Length of the GP is the same with CP length

Proposal #6: Determine CCA gap between adjacent ROs in time domain by considering LBT type applied for PRACH in terms of the channel access priority class and/or variable CWS (in case of Cat-4 LBT based PRACH transmission).

Proposal #7: Rel-15 NR PRACH preamble formats A1, A2, and A3 in terms of CP length, symbol length, and the number of symbols are reused for NR-U. 
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