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[bookmark: _Ref129681832]In this contribution, we discuss NR-U DRS design including numerology, OCB requirement and DRS composition. Furthermore, extensive PRACH preamble evaluations are provided for the agreed frequency resource allocation alternatives together with comparisons for different preamble sequences.
NR–Unlicensed DRS design
DRS multiplexing in frequency domain
According to the ETSI regulation [1] the OCB requirement is at least 80 percent of the initial DL BWP for NR-U, which equals to 16 MHz. The bandwidth of an SSB is 7.2 MHz with 30 kHz SCS. The current transmission bandwidth of SSB cannot satisfy OCB requirement when only SSB is transmitted in NSA deployment. Multiplexing of RMSI/CSI-RS, if available, with SSB(s) in FDM manner could facilitate OCB requirement fulfillment of NR-U DRS. The following options can be considered.
Alt-1: If NR-U DRS consists of RMSI, frequency multiplexing of RMSI PDSCH with SSB(s), can be considered to meet the OCB requirement in sub-7GHz. 
Alt-2: If CSI-RS is jointly transmitted with SSB(s), combination of the quasi co-located CSI-RS and SSB is another possible alternative to meet the OCB requirement for unlicensed operation. However, such joint transmission may reduce CSI-RS configuration flexibility, and the transmitted CSI-RS could be meaningless if not configured to any UE for beam management or CSI reporting. 
Alt-3: Duplicated SSB(s) transmission in frequency domain could provide additional coverage and meanwhile fulfill the OCB requirement.
To sum up, if NR-U DRS consists of RMSI/CSI-RS/paging, frequency multiplexing RMSI/CSI-RS with SSB(s) could be an efficient solution to the OCB requirement fulfillment. On the other hand, while in CA mode NR-U DRS only consists of SSB(s) and CSI-RS (optional), duplicated SSB(s) transmission in frequency domain could be considered to fulfill the OCB requirement. 
	Proposal 1: When NR-U DRS including RMSI/CSI-RS, multiplexing RMSI PDSCH/CSI-RS with SSB(s) in FDM manner should be supported to meet the OCB requirement.
Proposal 2: When NR-U DRS only consists of SSB(s), duplicated SSB(s) transmission in frequency domain could be supported to fulfill the OCB requirement. 

DRS multiplexing in time domain
LTE LAA Discovery Reference Signal (DRS) consists of CRS, PSS, SSS and optional CSI-RS. Similarly, introduction of NR-U DRS consisting of at least the SSB burst set was identified beneficial in SI phase. In DC and SA mode, the corresponding RMSI is jointly transmitted with SSB as NR-U DRS for initial access. Besides, CSI-RS could also be configured as part of NR-U DRS for the purpose of RLM/RRM measurements. To better accommodate SSB and the corresponding DL signal(s)/channel(s), a new DRS pattern is required, in which at least 7 symbols are allocated for SSB and other multiplexed channels/signals with same QCL assumption. As demonstrated in Figure 1, two SSB pattern alternatives are proposed for NR-U [2]. In proposed alternatives, Type-0 PDCCH corresponds to SSB 0 starts at symbol 0, and Type-0 PDCCH corresponds to SSB 1 starts at symbol 7. The only difference between two alternatives is that Alternative 1 supports only 1 symbol CORESET configuration when SSB is transmitted in the second half of a slot while Alternative 2 supports both 1 and 2 symbol CORESET configuration regardless of SSB transmission time location in case SSB pattern is symmetric with half slot granularity. Symmetric pattern is beneficial for DRS transmission since DRS signal/channel composition will not change according to the starting position of DRS transmission, i.e., at symbol 0 or symbol 7 within a slot. Considering CORESET configuration flexibility and pattern symmetry, Alternative 2 is preferred to be adopted as SSB pattern for NR-U. 
The basic unit of DRS (could be referred to as DRS block) consists of SSB, the corresponding Type-0 PDCCH/PDSCH, OSI (optional) and paging (optional) with same QCL assumption. The duration of one DRS block depends on the composition of DRS (i.e., whether OSI/Paging/CSI-RS are included or not) and MCS(s) used for transmission. When OSI, Paging and CSI-RS are jointly transmitted with low MCS, the duration of a DRS block could be one slot. In this case, SSB position within the first/second half of a slot will be occupied by other channel(s)/signal(s). In addition, the corresponding Type-0 PDCCH associated with an SSB shall be jointly transmitted within the same slot to ensure its transmission will not be blocked due to LBT failure or COT expiration. If RMSI CORESET shall meet OCB requirement and be transmitted with the corresponding SSB in the same slot, then limited RMSI CORESET configurations are available in both time and frequency domain for NR-U compared with that specified in NR Rel-15. Furthermore, only pattern 1(TDM) is supported by NR-U for SSB and RMSI CORESET multiplexing. To summarize, fewer signaling bits are needed to indicate NR-U RMSI CORESET configuration. In order to reducing signaling overhead, it is beneficial that a new RMSI configuration table shall be considered which can include configuration indication in both time and frequency domain instead of reusing table that designed for NR Rel-15. 
In NR Rel-15, PDSCH scheduled Type-0 PDCCH cannot rate-match around SSBs. However, RMSI PDSCH around SSBs shall be considered in NR-U since it helps to reduce DRS transmission duration and hence facilitates DRS transmission, i.e., DRS transmission with duration less than 1 ms could use CAT 2 LBT while CAT 4 LBT is required if the corresponding transmission duration is larger than 1ms. In NR Rel-15, Type B PDSCH mapping only supports PDSCH with duration of 2/4/7 symbols when normal CP is adopted. As illustrated in Figure 1, 5-symbol and 6-symbol RMSI PDSCH allocations are scheduled by Type-0 PDCCH. In this case, new SLIV entries are needed to support RMSI PDSCH resource indication that are transmitted around SSBs.
It was agreed in TR [3] that OSI and paging could be transmitted within NR-U DRS. It is beneficial to reduce the required number of channel access attempts and better fulfill the OCB requirement in NR-U. From another perspective, it is undesirable to always consist of all these channels/signals in NR-U DRS due to limited resources available for the DRS transmission. 
In NR, PBCH within SSB can indicate the multiplexing pattern between SSB and RMSI CORESET. When additional signal (i.e. OSI, paging) also be included in DRS, it is intuitive to extend the configuration information in PBCH to carry the indication of inclusion for additional signal and the multiplexing pattern between SSB and those signals multiplexed in DRS.  
In NR Rel-15, a set of RBs in symbols of a slot occupied by SSB transmission are not available for PDSCH reception. However, each SSB/DRS transmission in NR-U depends on LBT outcome, which varies from time to time. Therefore, additional dynamic signaling shall be carried in DCI that scheduling PDSCH in order to indicate the actual SSB/DRS transmission time location or transmission time offset introduced by LBT.

 
[bookmark: _Ref534903544][bookmark: _Ref4667688]Figure 1.  Illustration of NR-U DRS
Proposal 3: SSB pattern that symbol (2, 3, 4, 5) and symbol (9, 10, 11, 12) in the slot shall be supported for SA/CA/DC mode.
Proposal 4: NR-U supports both 1 and 2 symbol Type-0 PDCCH configuration, and NR-U should support type-0 PDCCH monitoring start at symbol#0 and symbol#7 within a slot if additional RMSI CORESET monitoring occasion in a slot (e.g. 7th symbol) shall be supported. 
Proposal 5: The corresponding Type-0 PDCCH associated with an SSB shall be transmitted within the same slot.
Proposal 6: NR-U shall support that PDSCH scheduled by Type-0 PDCCH can rate-match around the corresponding SSBs as it facilitates DRS transmission.
Proposal 7: Inclusion of RMSI, OSI and paging in DRS is indicated by PBCH.

NR-Unlicensed PRACH Preamble
In this section, we evaluate and compare various PRACH preamble schemes for NR-Unlicensed. We follow the simulation assumptions agreed in [2][4], and the description of the detailed evaluation method can be found in Appendix A.
Numerical evaluations
The following points need to be considered for properly evaluating PRACH performance:
Resource Allocation
In this contribution we mainly focus on frequency resource allocation alternatives 1, 2 and 4 [3], which drew much more attention than alternative 3 in the previous meeting [2]. For the PRB-interlaced schemes (Alt 1 and Alt 2), we assume that the same interlace structure as that for PUSCH/PUCCH is adopted, i.e., there are 10 interlaces for 15 kHz subcarrier spacing (SCS) and 5 interlaces for 30 kHz SCS. For 60 kHz SCS where the interlace structure has not been agreed yet, both the cases of 2 and 3 interlaces will be considered. An interlace structure different from that for PUSCH/PUCCH should not be considered as it doesn’t make sense to design a PRB-interlaced PRACH scheme that cannot be multiplexed with the PRB-interlaced PUSCH/PUCCH. Note that for PRB-interlaced PRACH schemes, the frequency resource allocation has to be judiciously chosen. In particular, the selected frequency resources determine the auto-correlation function (e.g., the zero-autocorrelation zone, ZAZ), the cross-correlation between preambles and the PRACH capacity.
Preamble Sequence
We evaluate different sequences:
· The NR length-139 ZC sequences (marked with yellow color in Tables 1-3 and B1-B3).
· ZC sequences of other lengths (marked with blue color in Tables 1-3 and B1-B3).
· Generic sequences proposed in [5] (marked with green color in Tables 1-3 and B1-B3).
Definition of SNR
When evaluating the performance of different PRACH schemes, the signal-to-noise ratio (SNR) can be defined either in time domain (i.e., the ratio of the signal and noise power measured at each time-domain sample) or in frequency domain (i.e., the ratio of the signal and noise power measured at each sub-carrier occupied by a PRACH preamble). These two definitions are related to each other by the equation below.

where  is the PRACH sequence length,  is the number of frequency repetitions (if needed) and  is the number of time-domain samples in one OFDM symbol (without cyclic prefix). If different schemes are directly compared in term of SNR values at which the 1% mis-detection probability is achieved, it is fair to use time domain SNR definition. Otherwise if frequency domain SNR definition is used, it can be observed from Figures C1-C3 that a scheme with longer sequence length always performs better due to higher signal transmission power at a same SNR value. On the other hand if they are compared in terms of maximum coupling loss (MCL), which further takes into account the maximum transmission power (denoted by ) due to the power spectral density (PSD) limitation and power backoff due to non-zero cubic metric of signals, it is better to use frequency domain SNR. This is because in the agreed MCL calculation in [2], the noise level is calculated in frequency domain by only considering the occupied subcarriers of a PRACH preamble, and thus frequency domain SNR definition should be used for consistency. In this contribution, the MCL value is taken as the final metric for performance comparison among different PRACH schemes and so the frequency domain SNR is adopted. Finally, it is emphasized that with frequency domain SNR, the relationship among the mis-detection curves in Figure C1-C3 does not represent their relative performance since the sequence lengths differ. Those figures are only used to read the SNR value at which the 1% mis-detection probability is achieved for each scheme.
Definition of mis-detection
In 3GPP RAN1 Ad Hoc meeting [4], an ambiguous definition of mis-detection was provided. As discussed in Appendix B, we take the following understanding of the mis-detection throughout this contribution: A mis-detection event is declared when either the transmitted PRACH preamble is not detected, or the transmitted PRACH preamble is detected with timing estimation error larger than the maximum tolerance, regardless whether a false (un-transmitted) PRACH preamble is detected or not.
Maximum Coupling Loss
In [2], the maximum coupling loss (MCL) is agreed to be calculated as

where
· , in which  is the maximum transmission power of a PRACH preamble considering its detailed frequency occupancy and the 10 dBm PSD limitation measured in any 1 MHz frequency band.  is not clearly defined in [2]. In this contribution, it is computed as 95% percentile of CCDF of (raw) cubic metric (CM) over the preambles in the RACH occasion (RO), where the CM of each PRACH preamble  is calculated as

with  and  for 15/30/60 kHz SCS;
·  is the frequency domain SNR value measured at 1% mis-detection probability from Figures C1-C3;
·  is the noise level and .
Plotting of False detection probability
The detection threshold is set to assure ≤0.1% false alarm probability when the input to the detector is noise only, which does not need to be plotted. However, the false detection probability should be provided for the corresponding simulations where the input to the detector contains both noise and the transmitted preamble. Some schemes may exceed 0.1% false detection probability at high SNRs due to large cross-correlation among the preambles assigned to the same cell.
PRACH capacity
The PRACH capacity is defined as the maximum number of PRACH preambles that can be generated for the whole system, e.g., using NFDM different FDMed ROs allowable over the total 20 MHz bandwidth and different frequency domain sequences. Different from the PRACH capacity calculation in [6], here we do not consider multiple TDMed ROs. This implies that under the same SCS value, the same overhead is assumed for different PRACH schemes. However, the PRACH time-frequency resource is less for a higher SCS due to shorter OFDM symbol duration, and so it is unfair to compare the PRACH capacities across different SCS values. The number of cells that each scheme can support is computed under the assumption of 64 PRACH preambles per cell (the same as LTE and NR). Also for PRB-interlaced schemes with Zadoff-Chu (ZC) sequence, it is possible to use different cyclic shifts of a sequence to generate more preambles. In these evaluations, we have numerically verified that the cyclic shifts are dimensioned such that the pairwise cross-correlations between PRACH preambles generated by a common ZC sequence with different cyclic shifts are kept low within the timing detection window corresponding to the agreed 300 meters inter-site distance (ISD).
15 kHz SCS
For 15 kHz SCS, Table B-1 in Appendix B lists all the candidate PRACH schemes and their resource allocations. Their performance is shown in Figure C-1 of Appendix C and summarized in Table 1 below. The difference between Alt2-ZC241A and Alt2-ZC241B is the selection of the non-uniform interlaces. 
From Table 1, the following observations are made:
Observation 1: A PRB-interlaced PRACH (Alt 1 and Alt 2) has a larger MCL value and smaller timing error than a PRACH with a contiguous frequency allocation (Alt 4) and length-139 ZC sequence.
Observation 2: The PRACH capacity is sufficient (e.g., a preamble reuse factor in the order of 100s for 15 kHz SCS) for the PRB-interlaced schemes (Alt 1 and Alt 2). 
Observation 3: Under PRB-interlaced mapping (Alt 1 and Alt 2), the generic sequence of [5] has lower CM and larger MCL than the ZC sequence.
Observation 4: The NR length-139 ZC sequence has large CM (and in turn low MCL) under PRB-interlaced mapping (Alt 1 and Alt 2) due to the fact that its low CM property is destroyed, and it has large timing error as well as lower maximum transmission power under contiguous mapping (Alt 4) with/without repetition due to the narrow occupied bandwidth.
Observation 5: When the PRACH sequence is allocated contiguously in the frequency domain (Alt 4), a single long ZC sequence outperforms a short ZC sequence with/without repetition in a number of aspects including CM, maximum transmission power, timing error, PRACH capacity and MCL. 

Table 1. Performance of different PRACH schemes with 15 kHz SCS and 10 interlaces over 106 PRBs.
	Scheme
	
	
	 per RO
	 per RO
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	
	PRACH capacity

	Alt1-ZC139
	139
	1
	47
	5
	2.085
	-105.8
	-4.48
	21.89
	6.76
	16.24
	126.53
	8
	3312       (48 cells)

	Alt1-GS23x23
	529
	1
	46
	5
	7.935
	-100.0
	-10.97
	21.79
	3.51
	19.49
	130.46
	2
	12144   (184 cells)

	Alt1-ZC641
	636
	1
	53
	5
	9.540
	-99.2
	-11.44
	22.47
	4.39
	18.61
	129.25
	2
	15360   (212 cells)

	Alt2-ZC241A
	240
	1
	20
	2
	3.600
	-103.4
	-7.00
	20.00
	6.09
	16.91
	127.35
	5
	7200     (105 cells)

	Alt2-ZC241B
	240
	1
	40
	4
	3.600
	-103.4
	-7.01
	21.25
	5.49
	17.51
	127.96
	5
	7200     (105 cells)

	Alt2-GS19x19
	361
	1
	57
	6
	5.415
	-101.7
	-9.04
	21.60
	3.45
	19.55
	130.25
	3
	6156       (57 cells)

	Alt4-ZC139
	139
	1
	12
	10
	2.085
	-105.8
	-3.64
	13.17
	0.88
	13.17
	122.62
	8
	18768   (272 cells)

	Alt4-ZC139x2
	139
	2
	24
	10
	4.170
	-102.8
	-8.78
	16.18
	4.86
	16.18
	127.76
	1
	2346       (34 cells)

	Alt4-ZC1259
	1259
	1
	105
	10
	18.885
	-96.2
	-14.45
	22.74
	0.31
	22.69
	133.38
	1
	27676   (419 cells)


30 kHz SCS
For 30 kHz SCS, Table B-2 in Appendix B lists all the candidate PRACH schemes and their resource allocations. Their performance is compared in Figure C-2 of Appendix C and summarized in Table 2 below. Basically, Observations 1-5 made for 15 kHz SCS are also applicable here. In addition, it is seen that the scheme Alt1-ZC113 has much larger timing error than other schemes. This is because the ZAZ of its auto-correlation function is insufficient, which leads to a few side-lobes falling in the timing detection window. As a consequence, there is a non-ignorable probability that the preamble is detected at the receiver by synchronizing to these side-lobes instead of the main-lobe. As a comparison, such a problem does not appear for non-uniform PRB-interlaced schemes (Alt 2) as the amplitudes of auto correlation side-lobes within the timing detection window are significantly suppressed via various non-uniform frequency resource mapping. Hence we have the following observation.
Observation 6: If a Zero Auto-correlation Zone larger than the receiver timing detection window is not possible with uniform frequency resource mapping, it is beneficial to consider non-uniform frequency resource mapping, e.g.,
· Allocation of multiple PRB interlaces,
· Allocation of a subset of PRBs from a set of PRBs obtained from multiple PRB interlaces,
· Non-uniform sequence-to-subcarrier mapping within a PRB.

Table 2. Performance of different PRACH schemes with 30 kHz SCS and 5 interlaces over 51 PRBs.
	Scheme
	
	
	 per RO
	 per RO
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	
	PRACH capacity

	Alt1-ZC113
	113
	1
	10
	1
	3.39
	-103.7
	-3.98
	19.74
	4.96
	18.04
	125.72
	5
	3920       (55 cells)

	Alt2-ZC139
	139
	1
	12
	2
	4.17
	-102.8
	-4.55
	18.01
	6.47
	16.53
	123.88
	4
	3864       (52 cells)

	Alt2-ZC241A
	240
	1
	20
	2
	7.20
	-100.4
	-7.10
	20.38
	6.14
	16.86
	124.39
	2
	2880       (42 cells)

	Alt2-ZC241B
	240
	1
	40
	4
	7.20
	-100.4
	-7.05
	21.25
	6.75
	16.25
	123.73
	2
	2880       (42 cells)

	Alt2-GS19x18
	342
	1
	38
	4
	10.26
	-98.9
	-8.82
	21.92
	3.59
	19.41
	127.12
	1
	2166       (32 cells)

	Alt4-ZC139
	139
	1
	12
	5
	4.17
	-102.8
	-4.10
	16.12
	1.07
	16.12
	123.02
	4
	6624       (92 cells)

	Alt4-ZC139x2
	139
	2
	24
	5
	8.34
	-99.79
	-8.26
	19.13
	5.06
	17.94
	125.99
	1
	1656       (23 cells)

	Alt4-ZC607
	607
	1
	51
	5
	18.21
	-96.40
	-11.26
	22.52
	0.53
	22.47
	130.13
	1
	7878     (121 cells)


60 kHz SCS
For 60 kHz SCS, Table B-3 in Appendix B lists all the candidate PRACH schemes and their resource allocations. The performance is compared in Figure C-3 of Appendix C and summarized in Table 3 below. The WI states that 60 kHz SCS will be supported for control and data channels. A PRACH with 60 kHz SCS is anticipated to be useful for low-latency access and for single-numerology configuration. We have not observed any particular technical prohibitive issue which makes 60 kHz SCS PRACH performance problematic. A contiguous allocation, as used in NR, would obviously also work. Whether 60 kHz SCS PRACH could be optional or not seems to be a future discussion.

Proposal 8: NR-Unlicensed supports 60 kHz SCS for PRACH.

Table 3. Performance of different PRACH schemes with 60 kHz SCS and 2 or 3 interlaces over 24 PRBs.
	Scheme
	
	
	 per RO
	 per RO
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	
	PRACH capacity

	Alt1-ZC97
	96
	1
	8
	1 of 3
	5.76
	-101.4
	-3.06
	19.03
	4.67
	18.33
	122.79
	3
	1152       (18 cells)

	Alt1-ZC139
	139
	1
	12
	1 of 2
	8.34
	-99.8
	-4.69
	20.64
	4.39
	18.61
	123.09
	2
	1380       (20 cells)

	Alt2-ZC97A
	96
	1
	8
	2 of 3
	5.76
	-101.4
	-2.87
	19.03
	6.84
	16.16
	120.43
	3
	1440       (21 cells)

	Alt2-ZC97B
	96
	1
	16
	2 of 3
	5.76
	-101.4
	-2.72
	19.41
	6.02
	16.98
	121.10
	3
	1152       (18 cells)

	Alt2-ZC97C
	96
	1
	16
	2 of 3
	5.76
	-101.4
	-2.86
	19.41
	8.41
	14.59
	118.85
	3
	864         (12 cells)

	Alt4-ZC139
	139
	1
	12
	All
	8.34
	-99.8
	-4.50
	19.13
	1.84
	19.13
	123.42
	2
	1932       (26 cells)

	Alt4-ZC139x2
	139
	2
	24
	All
	16.68
	-96.8
	-7.62
	22.14
	5.32
	17.68
	122.08
	1
	966         (13 cells)

	Alt4-ZC283
	283
	1
	24
	All
	16.98
	-96.7
	-7.84
	22.21
	0.96
	22.04
	126.58
	1
	1974       (28 cells)



Discussion of the results 
The above results show that when the frequency resources are allocated properly for PRB-interlaced schemes, there is no issue with the detection performance. Considering the maximum transmission power and CM, there can even be a gain over a preamble with contiguous frequency resource allocation. The main drawback of a PRB-interlaced preamble with ZC sequence is the higher CM. However, this can be compensated for by achieving higher transmit power than a contiguous allocation and there is a net gain in performance. In terms of PRACH capacity, under the same overhead assumption, the numbers are comparable between the schemes (e.g., preamble reuse factor in the order of 100s for 15 kHz SCS) and are sufficient. A single long ZC sequence mapped on a set of contiguous subcarriers (Alt 4) will obviously achieve the largest MCL and provide much higher PRACH capacity, and hence it is preferable over repeating a shorter ZC sequence. However, these schemes can either not FDM PRACH with PUSCH/PUCCH or can only do so with complicated puncturing/rate matching (which is also the case for Alt 3). Since we have proven here that the performance of a well-designed PRB-interlaced preamble is sufficient, it should be adopted.
Proposal 9. The PRACH preamble in NR-Unlicensed is based on a PRB-interlaced structure.
- FFS: Whether/how to map the preamble sequence to a subset of the REs within each PRB.
A uniform PRB-interlaced PRACH scheme can work well for 15 kHz SCS, but not for 30 and 60 kHz due to the sidelobes appearing in the timing detection window. Several methods for suppressing the sidelobes are possible by means of irregular frequency resource allocation.
Proposal 10: The following methods will be further studied in order to produce an irregular frequency resource allocation for PRACH:
· Allocation of multiple PRB interlaces,
· Allocation of a subset of PRBs from a set of PRBs obtained from multiple PRB interlaces,
· Non-uniform sequence-to-subcarrier mapping within a PRB.
Based on the evaluations, it is concluded that even if a ZC sequence is adopted, there is no advantage of constraining the length to be 139, especially if it is applied to Alt 1 and Alt 2. The good properties that a ZC sequence achieves for a contiguous mapping (Alt 4) are not maintained for Alt 1 and Alt 2, and it is essentially a completely new waveform, with an associated new receiver. The sequence length is tightly coupled with the frequency resource allocated for the preamble which directly impacts the auto-correlation of preambles as well as the PRACH capacity. There is therefore no technical justification to arbitrarily lock the sequence length (e.g., to 139) before a good resource allocation has been found. However, the results show that with PRB-interlacing, a ZC sequence is inferior to the generic sequence presented in [5], which should be considered further.
Proposal 11: For Alt 1 and Alt 2, the preamble sequence in Proposal 1 of R1-1903933 is adopted.
· The sequence length is not constrained to be 139.
The results show that to fulfill OCB requirements with contiguous frequency resource allocation (i.e., Alt 4), a single long ZC sequence is better than repeating a length-139 ZC sequence in all aspects, except that it complicates/prohibits FDM of PRACH and other channels (which is also the case for a repeated sequence as it cannot be multiplexed with a PRB-interlaced PUSCH/PUCCH). For example, a single sequence has ~5 times larger PRACH capacity and ~4 dB better MCL for 30 kHz SCS compared to the length-139 ZC sequence with two repetitions. A repeated ZC sequence is essentially another form of interlaced waveform which requires new methods for specifying the cyclic shift tables and the root index ordering tables[footnoteRef:2]. These tables may also depend on how/whether additional PAPR/CM reduction methods (e.g., different cyclic shifts/phase rotations for different repetitions) are introduced. In contrast, a single long ZC sequence, albeit with a new sequence length, can reuse all the construction methods for these tables, which have been applied in LTE and NR. The sequence lengths should be the largest prime number which is not larger than the total number of subcarriers within a 20 MHz carrier. [2:  For the length-139 ZC sequence in NR, cyclic shifts are dimensioned according to an optimization program [7] which minimizes the difference between the number of sequences that can be constructed from a single root with and without cyclic shift quantization. This assumes an ideal auto-correlation function, which is achieved for a single ZC sequence but may not be achieved if the preamble consists of multiple ZC sequences in frequency domain. The ordering of root indices is also depending on certain symmetry properties [8] of the length-139 ZC sequence and the root indices are paired specifically for reducing the receiver complexity. It is unclear how to order root indices if the preamble consists of multiple ZC sequences in frequency domain.] 

Observation 7: A frequency-domain repeated ZC sequence will require new methods for dimensioning the cyclic shifts and ordering the root indices. 


[bookmark: _GoBack]Proposal 12: Alt 4 should be limited to a single long ZC sequence and frequency-domain repeated ZC sequences will not be considered further.
· The following ZC sequence lengths should be considered:
· For 15 kHz SCS: ;
· For 30 kHz SCS: ;
· For 60 kHz SCS: .
PRACH formats
The NR PRACH formats were agreed after considerable work and we see no reason to change the basic preamble structure, i.e., a CP followed by repetitions of the sequence (without CP in between) and potentially a Guard Time (GT) at the end. Therefore NR-Unlicensed PRACH formats based on NR PRACH formats A and B should be the default. In particular there is no reason to change the preamble structure and introduce CPs in order to increase the PRACH capacity, since there are methods for achieving several orders of magnitude increase under existing PRACH formats [9]. Introduction of a time period for LBT prior to the preamble in the ROs may need more discussion. 
Proposal 13. NR-Unlicensed PRACH formats are based on NR PRACH formats A and B.
Multiplexing between PRACH and PUSCH/PUCCH
PRACH transmission may be blocked by other UEs’ PUSCH/PUCCH transmissions if the UEs are sufficiently close such that they interfere with each other and the timing advance is larger than the RX-to-TX switch time. The agreed 300 m ISD assumed in the evaluations corresponds to a Round Trip Time (RTT) of 1.2 μs, which is smaller than the CP length for all SCSs and the expected switch time. Hence, the issue will not be severe and the gNB could handle it with implementation specific means. 
Proposal 14. No solution with specification impact is adopted for handling time-domain multiplexing between PRACH and PUSCH/PUCCH.
Conclusions
In this contribution, we have made the following observations and proposals:
For DRS:
Proposal 1: When NR-U DRS including RMSI/CSI-RS, multiplexing RMSI PDSCH/CSI-RS with SSB(s) in FDM manner should be supported to meet the OCB requirement.
Proposal 2: When NR-U DRS only consists of SSB(s), duplicated SSB(s) transmission in frequency domain could be supported to fulfill the OCB requirement. 
Proposal 3: SSB pattern that symbol (2, 3, 4, 5) and symbol (9, 10, 11, 12) in the slot shall be supported for SA/CA/DC mode.
Proposal 4: NR-U supports both 1 and 2 symbol Type-0 PDCCH configuration, and NR-U should support type-0 PDCCH monitoring start at symbol#0 and symbol#7 within a slot if additional RMSI CORESET monitoring occasion in a slot (e.g. 7th symbol) shall be supported. 
Proposal 5: The corresponding Type-0 PDCCH associated with an SSB shall be transmitted within the same slot.
Proposal 6: NR-U shall support that PDSCH scheduled by Type-0 PDCCH can rate-match around the corresponding SSBs as it facilitates DRS transmission.
Proposal 7: Inclusion of RMSI, OSI and paging in DRS is indicated by PBCH.

For PRACH:
Observation 1: A PRB-interlaced PRACH (Alt 1 and Alt 2) has a larger MCL value and smaller timing error than a PRACH with a contiguous frequency allocation (Alt 4) and length-139 ZC sequence.
Observation 2: The PRACH capacity is sufficient (e.g., a preamble reuse factor in the order of 100s for 15 kHz SCS) for the PRB-interlaced schemes (Alt 1 and Alt 2). 
Observation 3: Under PRB-interlaced mapping (Alt 1 and Alt 2), the generic sequence of [5] has lower CM and larger MCL than the ZC sequence.
Observation 4: The NR length-139 ZC sequence has large CM (and in turn low MCL) under PRB-interlaced mapping (Alt 1 and Alt 2) due to the fact that its low CM property is destroyed, and it has large timing error as well as lower maximum transmission power under contiguous mapping (Alt 4) with/without repetition due to the narrow occupied bandwidth.
Observation 5: When the PRACH sequence is allocated contiguously in the frequency domain (Alt 4), a single long ZC sequence outperforms a short ZC sequence with/without repetition in a number of aspects including CM, maximum transmission power, timing error, PRACH capacity and MCL. 
Observation 6: If a Zero Auto-correlation Zone larger than the receiver timing detection window is not possible with uniform frequency resource mapping, it is beneficial to consider non-uniform frequency resource mapping, e.g.,
· Allocation of multiple PRB interlaces,
· Allocation of a subset of PRBs from a set of PRBs obtained from multiple PRB interlaces,
· Non-uniform sequence-to-subcarrier mapping within a PRB.

Observation 7: A frequency-domain repeated ZC sequence will require new methods for dimensioning the cyclic shifts and ordering the root indices. 

Proposal 8: NR-Unlicensed supports 60 kHz SCS for PRACH.
Proposal 9. The PRACH preamble in NR-Unlicensed is based on a PRB-interlaced structure.
- FFS: Whether/how to map the preamble sequence to a subset of the REs within each PRB.
Proposal 10: The following methods will be further studied in order to produce an irregular frequency resource allocation for PRACH:
· Allocation of multiple PRB interlaces,
· Allocation of a subset of PRBs from a set of PRBs obtained from multiple PRB interlaces,
· Non-uniform sequence-to-subcarrier mapping within a PRB.
Proposal 11: For Alt 1 and Alt 2, the preamble sequence in Proposal 1 of R1-1903933 is adopted.
· The sequence length is not constrained to be 139.
Proposal 12: Alt 4 should be limited to a single long ZC sequence and frequency-domain repeated ZC sequences will not be considered further.
· The following ZC sequence lengths should be considered:
· For 15 kHz SCS: ;
· For 30 kHz SCS: ;
· For 60 kHz SCS: .
Proposal 13. NR-Unlicensed PRACH formats are based on NR PRACH formats A and B.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 14. No solution with specification impact is adopted for handling time-domain multiplexing between PRACH and PUSCH/PUCCH.
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Appendix A: Simulation setting and evaluation method for PRACH in NR-Unlicensed
We follow the simulation assumptions agreed in [4] with 100 ns delay scaling for the TDL-C channel and PRACH format A1 for all the candidate PRACH schemes. In addition, we assume 30 kHz SCS for the other channels (e.g., PUSCH/PUCCH) in the same system and set the maximum timing estimation error to be 50% of the corresponding normal CP length (i.e., 1.17 μs). For the candidate PRACH SCS value of 15/30/60 kHz, the corresponding FFT size is set at N = 2048/1024/512 so as to keep the same sampling rate in the system. During the evaluation of each PRACH scheme, the UE randomly selects one preamble from a set of 64 pre-generated preambles and transmits it into the TDL-C channel with an initial timing offset uniformly distributed in [0, 1.15] μs corresponding to the maximum round-trip time delay with 300 meters ISD. This, plus the 0.87 μs maximum channel delay of the TDL-C channel with 100 ns delay scaling, implies that a timing detection window of 2.02 s should be assumed at the receiver for all the PRACH schemes considered. 
At the receiver, different signals  with length  (as there are two consecutive repetitions in PRACH format A1) are received on different antenna ports/polarized directions, which are correlated with a bank of filters corresponding to all the 64 candidate preambles  with 2 repetitions (i.e., the length is also ). Namely, one gets the output of the circular cross-correlation from each correlator as

The output signals {} from different antenna ports/polarized directions are then non-coherently combined to form a power delay profile (PDP)

for each time delay  and candidate preamble . This PDP is then normalized by its mean and compared to a threshold for all , where   is the timing detection window length in samples. The receiver declares that preamble  is detected if  after normalization is larger than the threshold for some  in the timing detection window. A constant threshold is used which is determined to achieve 0.1% false detection probability when the input is pure noise. For each detected preamble , a timing estimation is also obtained as


Appendix B: Candidate PRACH schemes for NR-Unlicensed
Tables B-1 to B-3 list all the candidate PRACH schemes for NR-Unlicensed. Their corresponding frequency resource allocation are detailed in the tables. For schemes using ZC sequences, the sequence lengths  and cyclic shift gaps  are given in the tables, and their root indexes are taken in the order of  and so on. In particular, the cyclic shift gaps  are numerically optimized to achieve low pairwise cross-correlation within the timing detection window of 2.02 μs. The cyclically shifted sequences are then shortened (if necessary) to proper PRACH sequence length , and then repeated by  times (if needed) to fit the available frequency resources. For schemes using generic sequences, the corresponding description can be found in [5]. It should be noted that for PRB-interlaced schemes (i.e., Alt 1 and Alt 2), the number of PRBs or interlaces that one RO occupies may be only a portion of all the frequency resource in 20 MHz. By this means, it is possible to only allocate a few interlaces to PRACH in each cell, and reserve the remaining interlaces for other channels, i.e., the FDM between PRACH and PUSCH/PUCCH under a common interlace structure can be accommodated.
Table B-1. PRACH schemes for NR-Unlicensed with 15 kHz SCS and 10 interlaces over 106 PRBs.
	Scheme
	Frequency domain sequence generation
	RE allocation
	Bandwidth per RO (MHz)

	Alt1-ZC139
	ZC sequence with  and 
	3 REs with indices {0, 1, 2}, {3, 4, 5}, {6, 7, 8} or {9, 10, 11} in every other PRB
	16.575

	Alt1-GS23x23
	Generic sequence [5] with and
	23 REs with indices {1, 2, …11, 24, 25,…35} per subband of 48 REs, which belong to interlace-0, 2, 4, 6 and 8 of 10 interlaces
	16.38

	Alt1-ZC641
	ZC sequence with  and 
	All the 12 REs of every other PRB
	18.90

	Alt2-ZC241A
	ZC sequence with  and 
	All the 12 REs of 20 PRBs in interlace-0 and 3 of 10 interlaces
	16.92

	Alt2-ZC241B
	ZC sequence with  and 
	6 REs with indices {0, 1, 2, 3, 4, 5} or {6, 7, 8, 9, 10, 11} in all the 40 PRBs of interlace-0, 3, 5, and 8 of 10 interlaces
	17.73

	Alt2-GS19x19
	Generic sequence [5] with 
	19 REs with indices {0, 1, …, 5, 12, 13, …, 17, 36, 37, …, 42} or {6, 7, …, 11, 18, 19, …, 23, 41, 42, …, 47} per subband of 60 REs, which belong to interlace-0, 1, 3, 5, 6 and 8 of 10 interlaces 
	16.83

	Alt4-ZC139
	ZC sequence with  and 
	139 contiguous REs
	2.085

	Alt4-ZC139x2
	ZC sequence with  and , repeated twice
	REs with indices {3, 4, …141} in the first 12 and last 12 PRBs
	18.99

	Alt4-ZC1259
	ZC sequence with  and 
	1259 contiguous REs
	18.885



Table B-2. Candidate PRACH schemes for NR-Unlicensed with 30 kHz SCS and 5 interlaces over 51 PRBs.
	Scheme
	Frequency domain sequence generation
	RE allocation
	Bandwidth per RO (MHz)

	Alt1-ZC113
	ZC sequence with  and 
	All the 12 REs of 10 PRBs in one of 5 interlaces
	16.35

	Alt2-ZC139
	ZC sequence with  and 
	All the 12 REs of 12 PRBs with indices {0, 2, 5, 10, 15, 20, 22, 25, 30, 35, 40, 45}, which belong to interlace-0 and 2 of 5 interlaces
	16.41

	Alt2-ZC241A
	ZC sequence with  and 
	All the 12 REs of the 20 PRBs in interlace-0 and 2 of 5 interlaces
	17.28

	Alt2-ZC241B
	ZC sequence with  and 
	6 REs with indices {0, 1, 2, 3, 4, 5} or {6, 7, 8, 9, 10, 11} in each of the 40 PRBs from interlace-0, 1, 2, 3 of 5 interlaces
	17.46

	Alt2-GS19x18
	Generic sequence [5] with and
	18 REs with indices {0, 1, …, 17} per subband of 30 REs, which belong to interlace-0, 1, 2, and 3 of 5 interlaces
	16.74

	Alt4-ZC139
	ZC sequence with  and 
	139 contiguous REs
	4.17

	Alt4-ZC139x2
	ZC sequence with  and , repeated twice
	REs with indices {3, 4, …141} in the first 12 and last 12 PRBs
	18.18

	Alt4-ZC607
	ZC sequence with  and 
	607 contiguous REs
	18.21



Table B-3. Candidate PRACH schemes for NR-Unlicensed with 60 kHz SCS and 2 or 3 interlaces over 24 PRBs.
	Scheme
	Frequency domain sequence generation
	RE allocation
	Bandwidth per RO (MHz)

	Alt1-ZC97
	ZC sequence with  and 
	All the 12 REs of 8 PRBs in one of the 3 interlaces
	15.84

	Alt1-ZC139
	ZC sequence with  and 
	All the 12 REs of 12 PRBs in one of the 2 interlaces
	16.56

	Alt2-ZC97A
	ZC sequence with  and 
	All the 12 REs of 8 PRBs with indices {0, 4, 7, 9, 13, 15, 18, 22}, which belong to interlace-0 and 1 of 3 interlaces
	16.56

	Alt2-ZC97B
	ZC sequence with  and 
	6 REs with indices {0, 1, 2, 3, 4, 5} or {6, 7, 8, 9, 10, 11} in all the 16 PRBs from interlace-0 and 1 of 3 interlaces
	16.20

	Alt2-ZC97C
	ZC sequence with  and 
	6 REs randomly selected from each of the 16 PRBs from interlace-0 and 1 of 3 interlaces
	16.50

	Alt4-ZC139
	ZC sequence with  and 
	139 contiguous REs
	8.34

	Alt4-ZC139x2
	ZC sequence with  and , repeated twice
	REs with indices {3, 4, …141} in the first 12 and last 12 PRBs
	16.92

	Alt4-ZC283
	ZC sequence with  and 
	283 contiguous REs
	16.98



Appendix C: Performance comparison of different PRACH schemes 
In [4], the definition of mis-detection probability was changed to “the ratio between the total number of transmitted preambles that are either not detected, or detected as a different preamble, or detected but with timing error greater than the maximum value (i.e., 50% of normal CP length), and the total number of transmitted preambles within an observation interval.”. Here the scenario of “detected as a different preamble” is unclear and can be understood in different ways. For clarification, we list all the possible outcomes of the receiver below.
· Case 1: No preamble is detected at the receiver;
· Case 2: The transmitted preamble is not detected, but some false (un-transmitted) preambles are detected (i.e., false detection);
· Case 3: The transmitted preamble is detected with its timing error larger than the maximum tolerance, together with the detection of some false preambles (i.e., false detection);
· Case 4: The transmitted preamble is detected with its timing error within the maximum tolerance, together with the detection of some false preambles (i.e., false detection);
· Case 5: Only the transmitted preamble is detected, and its timing error is larger than the maximum tolerance;
· Case 6: Only the transmitted preamble is detected, and its timing error is within the maximum tolerance.
In one understanding, “detected as a different preamble” is interpreted as that a false preamble is detected instead of the transmitted preamble (i.e., it corresponds to Case 2). In this case, the mis-detection should include Cases 1, 2, 3 and 5.
In another understanding, “detected as a different preamble” is interpreted as that a ghost preamble is detected regardless of whether the transmitted preamble is detected or not (i.e., it covers Cases 2, 3 and 4). In this case, the mis-detection should include Cases 1, 2, 3, 4 and 5. 
In the previous 3GPP RAN1#96 meeting, most companies took the first understanding, while the second understanding was considered in [6]. In this contribution, we take the first understanding for all simulations in Figures C-1 to C-3, which show the performance of all the candidate PRACH schemes listed in Tables B-1 to B-3, respectively.
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Figure C-1. Performance comparison of PRACH schemes with 15 kHz SCS.
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Figure C-2. Performance comparison of PRACH schemes with 30 kHz SCS.
[image: ] [image: ]
(a) 												(b)
 [image: ]
(c)
Figure C-3. Performance comparison of PRACH schemes with 60 kHz SCS.
Appendix D: Related agreements
The following agreements had been achieved in RAN1#96 meeting [2]:
· 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.

The following agreements had been achieved in AdHoc meeting [4]:
· 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 15 KHz or 30 KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 
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)

It was agreed in RAN1 #95 meeting that [10]:
· Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U.
· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.
Note: Pattern 1 is understood as CORESET#0 and SS/PBCH block(s) occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block. 
· Adopt the following text proposal to reflect the above
· “Support of Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, where Pattern 1 is understood as CORESET#0 and SS/PBCH block occur in different time instances, and CORESET#0 bandwidth overlaps with the transmission bandwidth of the SS/PBCH block.
· As one element to facilitate a NR-U DRS design without gaps in the time domain, the CORESET#0 configuration(s) and/or Type0-PDCCH common search space configuration(s) may need enhancements compared to NR Rel-15, such as additional time domain configurations of the common search space.”


It was agreed in RAN1 #96 meeting that [2]:
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.

Agreement:
· For PRACH evaluations, following metrics should be provided:
	Parameter
	Value
	Notes

	Scheme
	
	Eg. Alt4-ZC139x2

	SCS
	
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	
	Eg. 139, 

	# of repetition (R)
	
	If repetition of sequence is used in freq domain

	N_cs

	
	Eg. 11

	# of RBs used for one RO (N_RB)
	
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	# of interlaces used by one RO (N_interlace)
	
	# of uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) with RBs used for one PRACH RO

	RACH frequency occupancy (MHz)
	
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=-5dB

	SNR (dB)
	
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme

	Backoff (dB)
	
	Backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO. Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	
	MCL = P_TX-SNR-Np

	N_FDM
	
	# of ROs in 20MHz

	Capacity
	
	Across all ROs in 20MHz. Should report any constraints on ISD for the scheme evaluated.
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