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1. Introduction

In RAN1#AH1901 and RAN1#96 meetings [1]-[2], the following agreements and conclusion were made related to initial access signals and channels for NR-U.
	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:
· Down-select from the following options for SSB pattern (symbol index starts at 0)

· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot

· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot

· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.

Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.

· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.


In this contribution, we discuss DRS and RACH designs for NR-U operation.
2. DRS design
2.1. SS/PBCH block time pattern
In RAN1#96 meeting, the following two options were agreed for SS/PBCH time pattern.

· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
No specification impact is foreseen for Option 1 since Option 1 is the same as Cases A and C in Rel-15 NR. Even though Option 2 may have the advantage of simple UE implementation based on half-slot level symmetric structure, a UE is required to implement two different behaviours for SS/PBCH reception when the UE is connected to licensed carrier in addition to unlicensed carrier. Therefore, Option 1 is preferred.
Proposal #1: For NR-U, reuse the SS/PBCH block time pattern Cases A and C in Rel-15 NR, that is, adopt Option 1 (SSBs are at symbols {2,3,4,5} and {8,9,10,11} in the slot).
2.2. Type0-PDCCH
In RAN1#96 meeting, it was agreed that the SCS for all SS/PBCH blocks and CORESET #0 on a carrier is always the same for NR-U operation. In Rel-15 NR, SCS for CORESET #0 (i.e., 15 kHz or 30 kHz) is signalled by PBCH payload since SCS for SS/PBCH block and that for CORESET #0 can be different. Therefore, one bit payload in PBCH transmitted in unlicensed spectrum can be fixed, which can lead to PBCH performance improvement by using it as a known bit for PBCH decoding.

Observation #1: For NR-U, one bit in PBCH payload indicating SCS of CORESET #0 can be fixed since SCS for all SS/PBCH blocks and CORESET #0 on a carrier is always the same.
In RAN1#AH1901 meeting, it was agreed to support the monitoring of Type0-PDCCH of the 2nd SS/PBCH block position in a slot in the gap between 1st and 2nd SS/PBCH blocks within a slot. In detail, if the time pattern in Rel-15 NR is reused, Type0-PDCCH monitoring occasion can be configured to start at symbols #6 and #7 with 1-symbol CORESET or at symbol #6 with 2-symbol CORESET.
Similarly, for the monitoring of Type0-PDCCH of the 1st SS/PBCH block position in a slot, Type0-PDCCH monitoring occasion can be configured to start at symbols #0 and #1 with 1-symbol CORESET or at symbol #0 with 2-symbol CORESET. In this case, even if LBT fails at symbol #0 (or symbol #6) boundary, gNB can try LBT again before symbol #1 (or symbol #7) boundary and can start transmitting SS/PBCH block and associated Type0-PDCCH in the slot if LBT succeeds before symbol #1 (or symbol #7) boundary.
In NR, Type-0 PDCCH monitoring occasions associated with one SS/PBCH block are configured with two consecutive slots. However, if the PDCCH is transmitted in the second configured slot, corresponding PDSCH and SS/PBCH block in the slot may not be transmitted within the same slot if they are not QCL-ed. Therefore, for NR-U, Type-0 PDCCH monitoring occasions associated with one SS/PBCH block should be confined with the same slot.

Proposal #2: For NR-U, Type-0 PDCCH monitoring occasions associated with a SS/PBCH block should be confined with the same slot and can be configured as follows.
· Type0-PDCCH monitoring occasions for the 1st SS/PBCH block position in a slot start at symbols #0 and #1 with 1-symbol CORESET or at symbol #0 with 2-symbol CORESET, and those for the 2nd SS/PBCH block position in a slot start at symbols #6 and #7 with 1-symbol CORESET or at symbol #6 with 2-symbol CORESET, as shown in Figure 1.
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Figure 1. Examples of SS/PBCH block position and corresponding Type0-PDCCH monitoring occasions: (a) 1-symbol CORESET and (b) 2-symbol CORESET
2.3. 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 which SS/PBCH block in a slot is transmitted or not transmitted
·  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 #3: Consider following options for a UE to recognize rate-matching pattern for RMSI PDSCH around SS/PBCH in the same slot and Option 2 is preferred since it does not require any additional signalling overhead.

· Option 1: Dynamic indication of rate-matching information for RMSI PDSCH (e.g., via PBCH, RMSI PDCCH)
· Option 2: Implicit indication of rate-matching information for RMSI PDSCH
In Rel-15 NR, the default table for the time domain resource allocation for RMSI PDSCH is predefined in the specification. This is because UE needs to receive RMSI PDSCH successfully before RRC connection is established. However, considering NR-U specific features such as LBT operation, it could be necessary to substitute some entries in the default table. When RMSI PDCCH corresponding to SS/PBCH block #n+1 is transmitted in symbol 6 with 1-symbol CORESET as in Figure 1, the time domain resource allocation for RMSI PDSCH mapping type B starting from symbol 7 and having 5 or 6 symbol duration seems necessary to make LBT gap for other cell’s DRS transmission. Also, when RMSI PDCCH corresponding to SS/PBCH block #n+1 is transmitted from symbol 6 with 2-symbol CORESET (or symbol 7 with 1-symbol CORESET) as in Figure 1, the time domain resource allocation for RMSI PDSCH mapping type B starting from symbol 8 and having 5 or 6 symbol duration can be considered.
Proposal #4: For NR-U, consider to change some of entries in the default table for the time domain resource allocation for RMSI PDSCH. Details on the change can be discussed after determining SS/PBCH time pattern and Type0-PDCCH monitoring occasion.
2.4. Synchronization raster

The synchronization raster indicates the frequency positions of the SS/PBCH block that can be used by the UE for system acquisition. The following approaches can be considered for unlicensed band.

· Approach 1: As in Rel-15 NR (i.e., synchronization raster with the interval of 1.44 MHz, [3])

· Approach 2: Sparser than synchronization raster in Rel-15 NR (e.g., synchronization raster with the interval of 2.88 MHz)

· Approach 3: As in Rel-13 LTE LAA (i.e., Wi-Fi center frequency + {0, ±100, ±200} kHz, [4])
In addition, it can be taken into account how to indicate CORESET #0 frequency domain resource and no RMSI, considering agreed CORESET #0 BW (i.e., 48 RBs for 30kHz SCS and 96 RBs for 15kHz SCS), alignment with Wi-Fi channelization, and wide-band operation.
Proposal #5: Consider the following approaches for synchronization raster on unlicensed band.

· Approach 1: As in Rel-15 NR

· Approach 2: Sparser than synchronization raster in Rel-15 NR

· Approach 3: As in Rel-13 LTE LAA

3. PRACH design

3.1. PRACH preamble structure
· Frequency domain mapping
In NR, two PRACH preamble formats (i.e., Format 1 and Format 2) are supported. Format 1 is length-839 sequence with 1.25 or 5 kHz subcarrier spacing and Format 2 is length-139 sequence with 15 or 30 kHz subcarrier spacing which is aligned with that of data transmission. Since Format 1 can usually support larger cell coverage and higher speed than Format 2, it would be necessary to decide which format(s) is/are allowed for NR-U frequency band, considering supportable cell coverage of NR-U. It should be noted that since both the bandwidth of Format 1 (with 5 kHz subcarrier spacing) and the bandwidth of Format 2 (with 15/30 kHz subcarrier spacing) are larger than 2 MHz, the regulatory requirement for the minimum bandwidth (e.g., 2 MHz) can be satisfied for both two formats. Nevertheless, due to the regulatory requirement on PSD (e.g., PSD limit per MHz), it would be beneficial to distribute preamble sequence in frequency domain in terms of maximally allowed transmit power. Therefore, considering PSD related requirement, following two options can be further considered for mapping of PRACH preamble in frequency domain.
(1) Option 1: Mapping of single PRACH sequence over RB(G)-interlace 
(2) Option 2: Repetition of multiple PRACH sequences in frequency domain

Specifically, in case of Option 1, a PRACH transmission format can be defined by mapping a single PRACH preamble sequence over a set of multiple non-consecutive RBs or RBGs (i.e., RB-interlace or RBG-interlace). In this case, considering difference between the PRACH sequence length and the total amount of REs belonging to the RB(G)-interlace, the number of REs per RB(G) used for PRACH sequence mapping could be uneven across RB(G)s. With this approach, it would be beneficial at least for the following two aspects: 1) relaxation of PSD limitation (per MHz) with distributed mapping in frequency domain, and 2) satisfying of OCB (Occupied Channel Bandwidth) requirement with interlaced resource structure. Note that the PSD gain obtained from distributed mapping in frequency may be able to guarantee reasonable performance in terms of timing synchronization accuracy. 

On the other hand, in case of Option 2, a PRACH transmission format can be defined by mapping multiple PRACH preamble sequences over a set of multiple non-consecutive RBGs (where each RBG consists of consecutive RBs) where each of PRACH sequences is mapped to each of RBGs. For example, assuming that one RBG consists of K consecutive RBs and one PRACH TX format consists of N PRACH sequences, each PRACH sequence is mapped to K consecutive RBs in a same RBG and total N non-consecutive RBGs (mapped with separate sequence) are used for a single PRACH transmission. With this approach, it would be beneficial in terms of relaxing PSD limitation (per MHz) with repeated mapping in frequency domain. Moreover, different PRACH sequence can be mapped across RBGs considering PAPR.

Proposal #6: Support the following structures for PRACH preamble sequence mapping in frequency domain for NR-U with consideration of relaxing PSD limitation (per MHz).

· Option 1: Mapping of single PRACH sequence over RB(G)-interlace

· Option 2: Repetition of multiple PRACH sequences in frequency domain 
Considering the above Option 1, the number of RBs per interlace and/or the interval between non-consecutive RB(G)s defined for PRACH in RACH slot could be different from those defined for PUSCH (or PUCCH) in normal slot without PRACH resource configuration. Thus, it may be necessary to consider how to support FDM multiplexing between interlaced PRACH and interlaced PUSCH (or PUCCH) in a same (RACH) slot. For supporting this multiplexing between interlaced PRACH and PUSCH/PUCCH in a same RACH slot, following two alternatives can be considered. 

(1) Alt 1: Use of PRACH RB-interlace structure for PUSCH/PUCCH transmission

(2) Alt 2: Mapping of PRACH sequence on RB-interlace defined for PUSCH/PUCCH

In case of Alt 1, for example, assuming that length-139 PRACH sequence is mapped to an RB-interlace consisting of 12 RBs (with interval of 8 RBs) while RB-interlace consisting of 10 RBs (with interval of 10 RBs) is defined for PUSCH/PUCCH, the PRACH RB-interlace consisting of 12 RBs can used even for PUSCH/PUCCH in RACH slot. In case of Alt 2, for example, assuming that RB-interlace consisting of 10 RBs (with interval of 10 RBs) is defined for PUSCH/PUCCH as the above, length-139 PRACH sequence can be mapped over two (adjacent) PUSCH RB-interlaces (e.g. RBG-interlace with 2 RBs per RBG). In this case, some of REs in each RBG which may not be mapped with PRACH sequence could be used as guard subcarrier (e.g. for better interference suppression and/or receiver filtering). 
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(a) Alt 1 based on RB-interlace consisting of 12 RBs (with interval of 8 RBs)
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(b) Alt 2 based on RB-interlace consisting of 10 RBs (with interval of 10 RBs)

Figure 3. Examples of FDM multiplexing between PRACH and PUSCH/PUCCH in a same slot
Proposal #7: Support FDM multiplexing between PRACH and PUSCH/PUCCH in a same (RACH) slot in case of interlaced resource structure based on the following approaches. 

· Alt 1: Use of PRACH RB-interlace structure for PUSCH/PUCCH transmission

· Alt 2: Mapping of PRACH sequence on RB-interlace defined for PUSCH/PUCCH

· 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 4) 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 #8: Consider the followings for PRACH preamble format in NR-U.

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

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

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

·  Length of the GP is the same with CP length
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Figure 4. 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 #9: Determine CCA gap between adjacent ROs in time domain by considering LBT type applied for PRACH in terms of the channel access priority class and/or variable CWS (in case of Cat-4 LBT based PRACH transmission).

3.2. Performance evaluations
In this subsection, performance evaluation results for PRACH mapping in frequency domain based on the assumption agreed in In RAN1 AH-1901 meeting are presented. The evaluation assumptions are summarized in Table A-1 in Appendix A. For the performance comparison of different PRACH designs, following three cases are considered in this evaluation.

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

(2) Case 2: Uniform interlaced PRACH mapping using 1-RB level interlace (Alt1-ZC139)
(3) Case 3: Repetition of multiple PRACH sequences in frequency domain (Alt4-ZC139x2)
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Figure 5. Different PRACH mapping cases for performance evaluations.
Figure 5 shows three cases of different PRACH mapping considered in the performance evaluations. For Case 1 in the figure, length-139 PRACH sequence is mapped on consecutive 12 RBs as in Rel-15 NR. For Case 2 in the figure, PRACH sequence is mapped onto 1-RB level interlace consisting of 12 RBs with interval of 4 RBs between the (interlaced) RBs. For Case 3 in this figure, two PRACH sequences are repeatedly mapped in non-contiguous manner with interval of 39 RBs to satisfy the OCB requirement where each of two sequences is mapped on consecutive 12 RBs, respectively. In this Case 3, the sequence hopping (with different root index and/or cyclic shift) is considered across PRACH sequences in order to achieve good PAPR and/or CM property.
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Figure 6. Miss-detection rate for different cases in TDL-C channel with delay spread 100ns.
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Figure 7. False Alarm Probability for different cases in TDL-C channel with delay spread 100ns.
Figure 6 shows the miss-detection rate based on the 0.1 % maximum false alarm probability in TDL-C channel with delay spread 100ns, and the false alarm probability of each case is shown in Figure 7. As seen in Figure 6, considering 1% miss-detection rate requirement, the frequency domain PRACH sequence repetition can achieve much better miss-detection performance (relatively larger gain compared to 3 dB power gap) than the legacy Rel-15 NR PRACH mapping. In addition, the uniform interlaced PRACH mapping can also provide better miss-detection performance (approximately 1 dB gain) than the legacy Rel-15 NR PRACH mapping.
Observation #2: Both frequency domain PRACH sequence repetition and the uniform interlaced PRACH mapping could provide better miss-detection performance than the legacy Rel-15 NR PRACH mapping.
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Figure 8. Timing estimation error for different cases in TDL-C channel with delay spread 100ns.
Figure 8 shows the CDF of timing estimation error based on the 1% maximum miss-detection probability in TDL-C channel with delay spread 100ns. The operating SNRs for CDF of timing estimation error are considered as -5 dB for Case 1, -6 dB for Case 2 and -9 dB for Case 3, respectively, based on the miss-detection rate in Figure 6. As seen in Figure 8, the uniform interlaced PRACH mapping might have slightly worse timing estimation performance than the legacy Rel-15 NR PRACH mapping and frequency domain PRACH sequence repetition. 

However, according to the detection criteria in the agreed evaluation assumptions, it could be assumed in gNB that the PRACH sequence is successfully detected when the maximum absolute value of timing estimation error is smaller than the half of the normal CP length. The normal CP length with 30 kHz SCS is 2.34 usec, and thus the half of the normal CP length becomes 1.17 usec. As seen in Figure 8, the maximum absolute values of timing estimation error in all the cases are smaller than the half of the normal CP length, i.e., 1.17 usec. Therefore, the uniform interlaced PRACH mapping and frequency domain PRACH sequence repetition can provide reasonable timing estimation performance since the maximum absolute values of timing estimation error in those cases are smaller than half of the normal CP length.

Observation #3: Uniform interlaced PRACH mapping and F-domain PRACH sequence repetition can provide reasonable timing estimation performance since the maximum absolute values of timing estimation error in those cases are smaller than half of the normal CP length. 

Furthermore, in previous RAN1#96 meeting, the MCL calculation table for PRACH preamble mapping was agreed [2]. Table 1 shows MCL calculation results for the above Case 1/2/3 with different PRACH preamble mapping. In the table, the SNRs (dB) are determined based on the 1% miss-detection rate in Figure 6, and the Backoff (dB) are obtained from the 95% percentile of CCDF of CM for PRACH signal generated based on each of the cases.

Table 1. MCL for different PRACH preamble mapping (Case 1/2/3).
	Parameter
	Value
	Value
	Value

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

	SCS
	30 kHz
	30 kHz
	30 kHz

	PRACH sequence length (L_RA)
	139
	139
	139

	# of repetition (R)
	1
	1
	2

	N_cs
	11
	11
	11

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

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

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

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

	SNR (dB)
	-5
	-6
	-9.4

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

	Backoff (dB)
	1.9750
	3.5630
	2.127

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

	MCL (dB)

= P_TX-SNR-Np
	16.2-(-5)-(-102.8) = 124.0
	19.437-(-6)-(-102.8) = 128.237
	19.2-(-9.4)-(-99.8) = 128.4

	N_FDM

(# of ROs in 20MHz)
	4
	4
	1

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


As seen in the above Table 1, the frequency domain PRACH sequence repetition can achieve better MCL (4.4 (dB) more) than the legacy Rel-15 NR PRACH mapping. Besides, the uniform interlaced PRACH mapping can also provide better MCL (4.2 (dB) more) than the legacy Rel-15 NR PRACH mapping. Moreover (especially for the F-domain PRACH sequence repetition), it can be consider to configure multiple (e.g. up to 4) LBT-SBs for PRACH transmission if the maximum RO capacity supported in NR-U is required to be comparable with that supported by Rel-15 NR. 

Observation #4: Both F-domain PRACH sequence repetition and the uniform interlaced PRACH mapping could provide better MCL than the legacy Rel-15 NR PRACH mapping.

As a results, in summary, it is expected that the uniform interlaced PRACH mapping and frequency domain PRACH sequence repetition could well operate under NR-U environments in terms of the miss-detection rate, timing estimation performance and MCL. 

Observation #5: Both the uniform interlaced PRACH mapping and F-domain PRACH sequence repetition could well operate under NR-U environments in terms of the miss-detection rate, timing estimation performance and MCL.
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: For NR-U, reuse the SS/PBCH block time pattern Cases A and C in Rel-15 NR, that is, adopt Option 1 (SSBs are at symbols {2,3,4,5} and {8,9,10,11} in the slot).
Observation #1: For NR-U, one bit in PBCH payload indicating SCS of CORESET #0 can be fixed since SCS for all SS/PBCH blocks and CORESET #0 on a carrier is always the same.
Proposal #2: For NR-U, Type-0 PDCCH monitoring occasions associated with a SS/PBCH block should be confined with the same slot and can be configured as follows.
· Type0-PDCCH monitoring occasions for the 1st SS/PBCH block position in a slot start at symbols #0 and #1 with 1-symbol CORESET or at symbol #0 with 2-symbol CORESET, and those for the 2nd SS/PBCH block position in a slot start at symbols #6 and #7 with 1-symbol CORESET or at symbol #6 with 2-symbol CORESET.
Proposal #3: Consider following options for a UE to recognize rate-matching pattern for RMSI PDSCH around SS/PBCH in the same slot and Option 2 is preferred since it does not require any additional signalling overhead.

· Option 1: Dynamic indication of rate-matching information for RMSI PDSCH (e.g., via PBCH, RMSI PDCCH)
· Option 2: Implicit indication of rate-matching information for RMSI PDSCH
Proposal #4: For NR-U, consider to change some of entries in the default table for the time domain resource allocation for RMSI PDSCH. Details on the change can be discussed after determining SS/PBCH time pattern and Type0-PDCCH monitoring occasion.
Proposal #5: Consider the following approaches for synchronization raster on unlicensed band.

· Approach 1: As in Rel-15 NR

· Approach 2: Sparser than synchronization raster in Rel-15 NR

· Approach 3: As in Rel-13 LTE LAA

Proposal #6: Support the following structures for PRACH preamble sequence mapping in frequency domain for NR-U with consideration of relaxing PSD limitation (per MHz).

· Option 1: Mapping of single PRACH sequence over RB(G)-interlace

· Option 2: Repetition of multiple PRACH sequences in frequency domain 
Proposal #7: Support FDM multiplexing between PRACH and PUSCH/PUCCH in a same (RACH) slot in case of interlaced resource structure based on the following approaches. 

· Alt 1: Use of PRACH RB-interlace structure for PUSCH/PUCCH transmission

· Alt 2: Mapping of PRACH sequence on RB-interlace defined for PUSCH/PUCCH

Proposal #8: Consider the followings for PRACH preamble format in NR-U.

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

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

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

·  Length of the GP is the same with CP length

Proposal #9: Determine CCA gap between adjacent ROs in time domain by considering LBT type applied for PRACH in terms of the channel access priority class and/or variable CWS (in case of Cat-4 LBT based PRACH transmission).

Observation #2: Both frequency domain PRACH sequence repetition and the uniform interlaced PRACH mapping could provide better miss-detection performance than the legacy Rel-15 NR PRACH mapping.

Observation #3: Uniform interlaced PRACH mapping and F-domain PRACH sequence repetition can provide reasonable timing estimation performance since the maximum absolute values of timing estimation error in those cases are smaller than half of the normal CP length.
Observation #4: Both F-domain PRACH sequence repetition and the uniform interlaced PRACH mapping could provide better MCL than the legacy Rel-15 NR PRACH mapping.

Observation #5: Both the uniform interlaced PRACH mapping and F-domain PRACH sequence repetition could well operate under NR-U environments in terms of the miss-detection rate, timing estimation performance and MCL.
5. Reference

[1] RAN1#AH1901 chairman’s note
[2] RAN1#96 chairman’s note
[3] TS 36.104, v13.12.0
[4] TS 38.104, v15.3.0
6. Appendix A
Table A-1. Assumptions and parameters used for the performance evaluations.
	Parameter
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-C

	Delay scaling
	100ns

	Antenna configuration at BS
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	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 (4.7 us CP + 2×33.3 us symbols) with randomly-selected root sequence and cyclic shift (NCS = 11)

	Subcarrier spacing
	30 kHz

	Maximum timing estimation error
	50% of the normal CP length
(the normal CP length = 2.34 us @ 30kHz SCS)

	Definition of SNR
	Received signal power to noise power ratio on the subcarriers used for PRACH sequence mapping


[image: image11.png]0.9
0.8
0.7
0.6

0.5

CDF

0.3
0.2

0.1

30kHz SCS, 100ns Delay Spread, PRACH format Al

-----------------------

-0.3

-0.2

-0.1 0 0.1
Timing Estimation Error (us)

—Rel-15
-=-Alt1-ZC139
----- Alt4-7C139x2

0.2

0.3

0.4



[image: image12.png]False Alarm Probability

1.0E+00

1.0E-01

1.0E-02

1.0E-03

1.0E-04

1.0E-05

30kHz SCS, 100ns Delay Spread, PRACH format A1l

-o-Rel-15
-+ Alt1-ZC139
-=-Alt4-ZC139x2

-12

-11

-10

7 -6 -
SNR (dB)

5




[image: image13.png]Miss-Detection Rate

1.0E+00

1.0E-01

1.0E-02

1.0E-03

30kHz SCS, 100ns Delay Spread, PRACH format A1l

-o-Rel-15
-+ Altl1-ZC139
#-Alt4-ZC139x2

-12

-11

-10

7 -6 -
SNR (dB)

5




_1615311132.vsd
RMSI PDSCH associated with SSB#n









�

�

�

�

CORESET #0


SSB#n


�

�

�

�

�

�

�

�

�

�

SSB#n


SSB#n+1


0


1


2


3


4


5


6


7


8


9


10


11


12


13



_1615381380.vsd
�

�

�

�

�

�

�

�

�

�

�

�

�

�

SSB#n


SSB#n+1


0


1


2


3


4


5


6


7


8


9


10


11


12


13


CORESET #0


SSB#n


RMSI PDSCH associated with SSB#n









CORESET #0


SSB#n+1


RMSI PDSCH associated with SSB#n+1










_1611659065.vsd
�

�

SS/PBCH block #n


�

�

SS/PBCH block #n+1


�

�

0


1


2


3


4


5


6


7


8


9


10


11


12


13


#n


#n+1


#n


#x


#n+1


#n


Type0-PDCCH CORESET associated
with SS/PBCH block #x


#n+1


(a)


(b)



_1615146773.vsd
51 RBs (20 MHz @ 30kHz SCS)


Frequency (RB)


4 RBs


12 RBs


39 RBs


Case 1


Case 2


Case 3



