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[bookmark: _Toc533002893]1	Introduction
In this contribution, we discuss the design of signals and channels for initial access for NR-U, specifically
· DL discovery reference signal (DRS)
· Physical random access channel (PRACH)
2	DRS
In the SI phase [1], it was agreed that inclusion of CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) in the NR-U DRS is beneficial. In this section we further discuss ways of achieving efficient multiplexing of SS/PBCH block(s) and RMSI. 
In RAN1 AH 1901, the following agreement was made:
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 
and in RAN1#96 the following was agreed:
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.

These agreements state that for the case of initial access in a standalone deployment, the UE may assume the SS/PBCH block subcarrier spacing is 30 kHz. Furthermore, the subcarrier spacing for the Type0-PDCCH CSS (corresponding to CORSET0) that schedules RMSI is restricted to the same SCS, i.e., 30 kHz. With these agreements, we consider what changes are needed to NR-Rel-15 in order to achieve efficient multiplexing of SS/PBCH block(s) and RMSI PDCCH/PDSCH in a DRS assuming 30 kHz SCS. In the upcoming sections, we consider two cases separately: DRS with single SS/PBCH block per slot and DRS with two SS/PBCH blocks per slot. We observe that the changes required to support DRS with a single SS/PBCH block per slot are fewer than for the case of two per slot. In both cases, the changes ensure that as large as possible number of REs are available for PDSCH carrying SIB1 (RMSI) considering the various multiplexing rules for SS/PBCH blocks, PDCCH, PDSCH, and DMRS that exist in the Rel-15 specifications today.
The PDSCH carrying SIB1 is scheduled by DCI format 1_0 where the CRC is scrambled by SI-RNTI and where the System Information Indicator field in DCI is set to 0. We observe that for such scheduling, only Type 0 resource allocation in the frequency domain is supported, i.e., PDSCH occupies a set of contiguous resource blocks (RBs). Furthermore, the set of contiguous RBs are located within the same bandwidth of CORESET0.
[bookmark: _Toc972470][bookmark: _Toc973387][bookmark: _Toc973521][bookmark: _Toc973856][bookmark: _Toc974197][bookmark: _Toc976223][bookmark: _Toc4604722][bookmark: _Toc4607281][bookmark: _Toc4612010][bookmark: _Toc4616409][bookmark: _Toc4779355][bookmark: _Toc4779555][bookmark: _Toc4779693][bookmark: _Toc4785549][bookmark: _Toc4785758]DCI format 1_0 used to schedule PDSCH carrying SIB1 supports only Type0 PDSCH resource allocation (contiguous RBs) in the frequency domain. 
In what follows, we adhere to this constraint so as to avoid introducing a new DCI format for scheduling SIB1.
2.1	DRS with Single SS/PBCH Block per Slot
In this section, we consider a DRS with only a single SS/PBCH block per slot. In FR1 deployments, a typical configuration consists of a single, non-beamformed SSB. This would correspond to a 1-slot DRS with single SS/PBCH per slot. In order to avoid time gaps in the DRS pattern, it is beneficial to multiplex the SS/PBCH block and the PDSCH carrying SIB1 in the frequency domain. Furthermore, in order to adhere to the contiguous resource allocation for PDSCH signalled by DCI Format 1_0 and at the same time maximize the number of REs available for SIB1, it is beneficial to locate the SS/PBCH block at one edge of the initial BWP. Such a configuration is illustrated in Figure 1.
This diagram assumes that the SS/PBCH block is located in the first position of the Case C time domain pattern, i.e., OFDM symbols 2, 3, 4, and 5 assuming indexing starts with zero. While the case of a 2 symbol Type0-PDCCH common search space is shown, the same multiplexing approach may be used for a single symbol search space in which case the PDSCH allocation would start in OFDM symbol 1.
The time domain PDSCH allocation is indicated by the 4-bit field of DCI Format 1_0 that indicates a row of the Table 5.1.2.1.1-2 in [6] (Default Table A). For the case of 2-symbol and 1-symbol search space configuration, Row Index 1 and 12 are applicable, respectively. Both correspond to PDSCH Mapping TypeA.
In line with the above agreement, the diagram shows that the bandwidth of CORESET0 (initial BWP) is 48 PRBs. Assuming a PDSCH contiguous bandwidth of 28 PRBs (CORSET0 BW - SS/PBCH block BW) and accounting for the 3 OFDM symbols used for DMRS, the number of available REs for PDSCH carrying SIB1 is 3024 for the case of a 2-symbol search space. Assuming the most robust MCS is used for SIB1 transmission (MCS0), the SIB1 information bit payload is 708 bits.
[image: ]
[bookmark: _Ref881006]Figure 1: DRS with FDM multiplexing PDSCH carrying SIB1 and a single SS/PBCH block with 0 RB offset between CORESET0 and the SS/PBCH block.
The only new aspect of this configuration compared to NR Rel-15 is that the SS/PBCH block is located at the edge of the initial BWP which implies an offset of 0 RBs in Table 13-4 of [5]. In Rel-15, only offsets of 12, 14, and 16 PRBs are supported for a 48 PRB CORESET0 which means that the SS/PBCH block would be located in approximately the middle of the initial BWP. The problem with this is that it would reduce the number of SIB1 payload bits by roughly 50% to ~350 bits, since only contiguous resource allocation for PDSCH is supported in DCI Format 1_0. Clearly, there is a benefit to extending the configurability of the offset to maximize SIB1 payload.
[bookmark: _Toc4785761][bookmark: _Ref959332]For CORESET0 bandwidth of 48 PRBs and {SS/PBCH block, PDCCH} SCS of {30, 30} kHz support 0 RB offset between CORESET0 and SS/PBCH blocks.
2.2	DRS with Two SS/PBCH Blocks per Slot
In this section, we consider a DRS with two SS/PBCH blocks per slot. For this case, additional changes are needed to the NR Rel-15 specifications. For initial access, the UE determines the monitoring occasions of the Type0-PDCCH common search space from the four least significant bits of pdcch-ConfigSIB1 (included in the MasterInformationBlock) which indicate a single row in one of Tables 13-11 through 13-15 in [5]. For the case of FR1 with SS/PBCH block and CORESET multiplexing pattern 1, the appropriate table is 13-11. To configure the PDCCH search space and the corresponding SS/PBCH block in the same slot, use of a configuration with O = 0 and 2 search space sets per slot can achieve this, e.g., Row Index 1 in Table 13-11. However, in Table 13-11 all configurations have the second PDCCH monitoring occasion starting in the symbol right after the first PDCCH monitoring occasion. For a DRS with 2 SS/PBCH blocks per slot, it is beneficial instead to have the first and 2nd monitoring occasions in the first and 2nd half slots, respectively. For this reason the following agreement was made in RAN1 AH 1901:
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)
For the Case C time domain pattern supported in NR Rel-15, the natural place to locate the 2nd monitoring occasion is OFDM symbol 7 (assuming indexing starts at zero). This allows the same number of OFDM symbols for PDSCH carrying SIB1 in each half slot. 
[image: ]
[bookmark: _Ref4614246]Figure 2: SS/PBCH block time domain patterns supported in NR Rel-15
[bookmark: _Toc4785762][bookmark: _Ref959335]Support a configuration of a Type0-PDCCH CSS with two single-symbol monitoring occasions in OFDM symbols 0 and 7 within the same slot (assuming symbol indexing starts at 0). 
Using Proposal 1 and Proposal 2, a DRS configuration with two SS/PBCH blocks per slot is shown in Figure 3 Error! Reference source not found. assuming two single-symbol Type0-PDCCH common search spaces starting at OFDM symbol 0 and 7, respectively. Assuming a PDSCH contiguous bandwidth of 28 PRBs (CORSET0 BW - SS/PBCH block BW) and accounting for the one OFDM symbol used for DMRS in each half slot, the number of available REs for PDSCH carrying SIB1 in each half slot is 1680 for the case of a one-symbol search space. Assuming the most robust MCS is used for SIB1 transmission (MCS0), the SIB1 information bit payload is 394 bits in each half slot. It can be further discussed if this is sufficient for typical deployments.
[image: ]
[bookmark: _Ref4614885]Figure 3: DRS with FDM multiplexing PDSCH carrying SIB1 and two SS/PBCH blocks with 0 RB offset between CORESET0 and the SS/PBCH blocks.
The time domain SS/PBCH block pattern shown in Figure 3 Error! Reference source not found. is the Case C pattern. In RAN1#96, the following agreement was made regarding the time domain pattern:
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.

This agreement states that RAN1 should down-select between Option 1 which is the existing NR Rel-15 Case C pattern, and Option 2 is a modified Case C pattern in which the 2nd SSB in the slot is shifted one OFDM symbol to the right. It seems that the main motivation to adopt Option 2 is that it would allow for a symmetric DRS design (same pattern in each half slot) for the special case that a 2-symbol PDCCH is used. We note that the pattern shown in Figure 3Error! Reference source not found. with a single-symbol PDCCH has the symmetric property as well, and has the benefit of requiring no changes to the existing NR Rel-15 Case C time domain pattern.
We note that a significant amount of time was devoted in Rel-15 to designing the SS/PBCH time domain patterns, and introduction of a new pattern should not be taken lightly unless there is a very strong motivation. One design principle that was followed for the Rel-15 patterns is that 2 symbols should be free at the end of the slot to use, for example for PUCCH transmission. Figure 2 shows that all Rel-15 patterns have this property. If the Case C pattern is changed such that the 2nd SS/PBCH block in the slot is moved, then there is no opportunity for a guard symbol between the SS/PBCH block and PUCCH at the end of a slot in cases where RMSI is not included in a DRS.
Clearly there is a trade-off in adopting a new design: the benefit of a modified Case C pattern is a 2-symbol Type0-PDCCH CSS, but the cost is a loss in PUCCH transmission opportunities for DRS without RMSI. In our view the cost of the latter outweighs the benefits of the former. Hence we propose the following, including sending a draft LS to RAN4 (see [7]):
[bookmark: _Toc4785763]The UE assumes Case C SS/PBCH block time domain pattern for both 5 and 6 GHz unlicensed bands. Include this agreement in an LS to RAN4 (see Draft LS in [7]) along with the prior agreement on UE assumption of 30 kHz SCS for SS/PBCH blocks.
One observation for the case of 2 SS/PBCH blocks per slot is that scheduling SIB1 in the first half slot of the DRS is already supported in NR Rel-15 through the PDSCH TypeA mappings in either Row Index 13 or 14 in Table 5.1.2.1.1-2 in [6] (Default Table A). However, scheduling SIB1 in the 2nd half slot of the DRS requires a new TypeB mapping that does not currently exist in Default Table A. There is no TypeB mapping of duration 7 OFDM symbols that starts at OFDM symbol 7. For this reason, we propose the following
[bookmark: _Ref965214][bookmark: _Toc4785764]Support a default PDSCH TypeB mapping starting in OFDM symbol 7 with a length of 7 OFDM symbols (assuming symbol indexing starts at zero).
In summary, to support a very flexible DRS design with efficient multiplexing of SS/PBCH block(s) and RMSI PDCCH/PDSCH, the following three changes to NR Rel-15 specifications are identified in order to maximize the SIB1 information bit payload:
1. Introduce 0 RB offset between CORESET0 and SS/PBCH block(s) (Proposal 1)
2. Introduce an additional single-symbol Type0-PDCCH monitoring occasion at OFDM symbol 7 (Proposal 2)
3. Introduce an additional default TypeB PDSCH mapping starting at OFDM symbol 7 with duration of 7 symbols (Proposal 4)
For the case of a single SS/PBCH block per slot, only the first change is needed. For the case of two SS/PBCH blocks per slot, all 3 changes are needed.
2.3	Rate Matching Assumptions for RMSI PDSCH
In NR Rel-15, when receiving the PDSCH scheduled with SI-RNTI in PDCCH-Type0 common search space and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH. This assumption restricts the multiplexing possibilities between SS/PBCH blocks and PDSCH carrying RMSI. Specifically, it does not allow the PDSCH to be mapped “around” an SS/PBCH blockError! Reference source not found., hence the white gaps in Figure 1 and Figure 3.
If further optimizations of the number of available resources for SIB1 are needed compared to the designs proposed in Section 2.1.1 and 2.1.2, one would need to revisit a number of assumptions that a Rel-15 UE is allowed to make. In general, Section 5.1.4 in [6] would need to be modified to allow an SS/PBCH block to be transmitted in REs used by the UE for reception of PDSCH also in the case when the system information indicator in DCI is set to 0. 
Additionally, the assumption in Section 7.4.1.1.2 in [3] that “the UE may assume that no DM-RS collides with the SS/PBCH block” would need to be revisited, since if the PDSCH is allowed to span all 48 PRBs, the DMRS in OFDM symbol 2 (Figure 1) and in OFDM symbol 8 (Figure 3) would collide with the SS/PBCH blocks in those half-slots. Furthermore, in Figure 3, there would be no DMRS available for channel estimation for PDSCH in the PRBs occupied by SS/PBCH blocks. One could consider use of the PBCH DMRS instead; however, this seems very complicated. In light of these issues we propose the following
[bookmark: _Toc4785765]In line with NR Rel-15, mapping of SIB1 around an SS/PBCH block is not supported.
2.4	SSB/PBCH Block pattern in frequency
In the previous meeting, support of SS/PBCH Block frequency repetition has been proposed to meet the OCB requirement, see feature lead summary for this agenda item [10]. Methods for meeting the OCB requirement was discussed also in e.g. RAN1#94 where following agreement was made:

Agreement: 
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.
 
As stated in the above agreement inclusion of CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) can be beneficial for meeting the OCB requirement. Thus, we think that the gNB already has sufficient means to fulfill any regulatory requirements regarding OCB.
[bookmark: _Toc4785766]Repetition of SS/PBCH blocks in the frequency domain is not a needed enhancement to Rel-15 specifications and should not be supported.
[bookmark: _Toc4779366][bookmark: _Toc4779367][bookmark: _Toc4779368][bookmark: _Toc4779369][bookmark: _Toc4779370][bookmark: _Toc4779371][bookmark: _Toc4779372]
[bookmark: _Toc533002896]3	PRACH
In this section, we discuss PRACH design for NR in unlicensed spectrum. 
In NR-U, PRACH transmission should be supported for both stand-alone and dual connectivity scenarios (NR-U + LTE and NR-U + NR). In NR, both long (L = 839) and short (L = 139) preamble sequences are supported. The long preambles mainly target large cell deployments. Since NR-U is expected to be deployed in relatively small cells, only short preambles are of interest for NR-U operations. 
[bookmark: _Toc506553721][bookmark: _Toc510450967][bookmark: _Toc510452867][bookmark: _Toc510731132][bookmark: _Toc510731379][bookmark: _Toc510775729][bookmark: _Toc972472][bookmark: _Toc973389][bookmark: _Toc973523][bookmark: _Toc973858][bookmark: _Toc974199][bookmark: _Toc976225][bookmark: _Toc4604724][bookmark: _Toc4607283][bookmark: _Toc4612012][bookmark: _Toc4616411][bookmark: _Toc4779356][bookmark: _Toc4779556][bookmark: _Toc4779694][bookmark: _Toc4785550][bookmark: _Toc4785759]Only the short PRACH sequence length (LRA = 139) is useful for NR-U.
In NR, for short (L=139) preamble sequences, a number of preamble formats are defined. For each format, the cyclic prefix duration is defined in Table 6.3.3.1-2 in [3], and it is inversely proportional to the subcarrier spacing. Based on the cyclic prefix durations, Table 1 below lists the maximum cell radius for different formats with different subcarrier spacings. Given that small cells are targeted for NR-U deployment, some formats that are designed for rather large cells can be excluded for NR-U. Observing the maximum cell radius for 30 kHz subcarrier spacing, it is clear that formats C0, and C2 target quite large cells.
[bookmark: _Toc972473][bookmark: _Toc973390][bookmark: _Toc973524][bookmark: _Toc973859][bookmark: _Toc974200][bookmark: _Toc976226][bookmark: _Toc4604725][bookmark: _Toc4607284][bookmark: _Toc4612013][bookmark: _Toc4616412][bookmark: _Toc4779357][bookmark: _Toc4779557][bookmark: _Toc4779695][bookmark: _Toc4785551][bookmark: _Toc4785760]Only a subset of the short PRACH preamble formats, A1 – A3 and B1 – B4, are useful for NR-U.
[bookmark: _Ref518640255]Table 1 Maximum cell radius for preamble formats with short sequences
	Preamble format
	Number of OFDM symbols
	Maximum cell radius (in meters)

	
	
	SCS 15kHz
	SCS 30kHz

	A
	1
	2
	938
	469

	
	2
	4
	2109
	1054

	
	3
	6
	3516
	1758

	
B
	1
	2
	586
	293

	
	2
	4
	1055
	527

	
	3
	6
	1758
	879

	
	4
	12
	3867
	1933

	C
	0
	1
	5300
	2650

	
	2
	4
	9200
	4600



[bookmark: _Toc506553723][bookmark: _Toc510450969][bookmark: _Toc510452869][bookmark: _Toc510731134][bookmark: _Toc510731381][bookmark: _Toc510775731]In NR Rel-15, RMSI (SIB1) contains the IE RACH-ConfigCommon which contains the field msg1-SubcarrierSpacing which has the following description [4]
	msg1-SubcarrierSpacing
Subcarrier spacing of PRACH. Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are applicable. Corresponds to L1 parameter 'prach-Msg1SubcarrierSpacing' (see 38.211, section FFS_Section). If absent, the UE applies the SCS as derived from the prach-ConfigurationIndex in RACH-ConfigGeneric (see 38.211, section XXX).


Clearly, only subcarrier spacings of 15 and 30 kHz are supported for PRACH for FR1. Support for 60kHz SCS for PRACH would require modifications to the signaling specified for Rel-15 NR. Furthermore, from an initial access perspective, since 60 kHz for DRS is out-of-scope for the WI (see WID in [8]), it does not appear to be beneficial to support 60 kHz only for PRACH. Moreover, from a NR-U performance perspective, we have not observed improved performance for 60 kHz SCS compared to 30 kHz for data (see evaluation in [9]). Based on this, we propose the following:
[bookmark: _Toc520113627][bookmark: _Toc520130616][bookmark: _Toc4785767]As in NR Rel-15, 60 kHz SCS for PRACH is not supported in FR1.
[bookmark: _Hlk4658846]In the previous meeting, the following issue was raised in the feature lead summary for this AI [10]:
Description:
In NR-Rel15 back to back RACH Occasions in time can be configured. In NR-U, a UE has to pass LBT before transmitting RACH preamble. The UE may get blocked by a RACH transmission of another UE in the previous RACH occasion. 
Feature Lead Summary:
Back to back RACH occasions with small gaps could lead to blocking of a later RACH occasion by RACH transmissions in an earlier RACH occasion. NR RACH formats may need to be enhanced to provide larger gaps to mitigate the blocking issue. 
Whether or not a gap is needed is dependent on the PRACH load, and potential blocking is most likely an effect only observed at quite high loads. The consequence of blocking is that it would increase the initial access latency. However, if the load is so high that this occurs, the quality of service a UE would experience once connected is low anyway. In some sense, there should be no rush to connect to a highly loaded cell. At moderate loads, potential blocking can be mitigated by configuration of a sufficient number of time domain RACH occasions that are not back-to-back. In summary, our view is that enhancement of RACH preamble designs is an optimization, and is not important for the first release of NR-U. Furthermore, introduction of new PRACH preamble formats is highly undesirable considering RAN1 workload. Based on this we propose
[bookmark: _Toc4785768]Enhancements to PRACH preamble formats to introduce gaps between time domain PRACH occasions is not supported in Rel-16
[bookmark: _Toc533002897]3.1	Design Considerations for PRB-Based Interlaced PRACH
In NR Rel-15, PRACH for a given user consists of the transmission of a length-139 Zadoff-Chu sequence in multiple consecutive OFDM symbols. This is accomplished by mapping values of the FFT of the Z-C sequence to contiguous PRBs in the frequency domain. For the short preamble (length 139), 12 PRBs (144 REs) are needed. Due to the contiguous mapping in the frequency domain, when the IFFT is performed at the UE transmitter, the attractive properties of the Z-C sequence are preserved. Namely, the cross-correlation between the sequence and a cyclically shifted version of the same sequence is non-zero only at the lag corresponding to the cyclic shift (delay). Furthermore, the cross-correlation between two sequences with different roots is constant at all lags with value 1/sqrt(139). Both are desirable from a PRACH detection and timing estimation point of view.
For the case of no interlacing (NR baseline), the output of the PRACH detector is shown in Figure 4(a) when the hypothesized sequence is the same as the transmitted sequence. The PRACH detector performs a correlation between the received sample sequence and the hypothesized PRACH sequence. In this example, the sub-carrier spacing is 30 kHz, an AWGN channel with propagation delay 1 μs is assumed, and the SNR is very large (no noise). Clearly the detector output has a peak at 1 us resulting in an accurate timing estimate. Figure 4(b) shows the PRACH detector output when the hypothesized sequence is different than the transmitted sequence. Evidently, the detector output is small at all lags consistent with the cross-correlation properties of Z-C sequences mentioned above.

	[image: ]	[image: ]
	(a)	(b)
[bookmark: _Ref519862357]Figure 4: PRACH detector output for no interlacing, SCS = 30 kHz, AWGN channel, delay = 1 μs when the hypothesized sequence is either (a) same, or (b) different than the transmitted PRACH sequence.
Unlike baseline NR, the Z-C sequence for PRACH is not mapped to contiguous PRBs for the case of a PRB-based interlace design. This affects the autocorrelation properties of the transmitted sequence. Namely, sidelobes (or false peaks) are introduced. If care is not taken in the interlace design, the sidelobes could lead to timing estimation errors. However, if the interlace design ensures that the sidelobe levels are sufficiently low, then this issue is avoided, since the PRACH detection and timing estimation is based on finding the peak with the maximum amplitude. Fortunately, the shape of the sequence autocorrelation and thus the sidelobe levels are a function only of the interlace design, not of individual Z-C sequence roots, thus simplifying the design problem. The key to controlling the sidelobe levels is to introduce some irregularity into the PRB pattern. We have found that it does not take much irregularity to have a well-performing design.
Figure 6 below shows a candidate design for the case of 20 MHz channel with 30 kHz SCS in which RAN4 has defined 51 PRBs. This example uses the same interlace structure as agreed for PUSCH/PUCCH, i.e., 5 interlaces with either 10 or 11 PRBs per interlace. We note that one RACH occasion (RO) in the frequency domain requires 12 PRBs, whereas a single interlace has only 10 or 11 PRBs. However, this fact can be used to introduce the required irregularity for PRACH. The extra 2 PRBs can be placed in such a way to “break up” the regular interlace pattern. As can be seen in Figure 6, RO1 uses all ten PRBs of Interlace 1 and two PRBs of Interlace 3. Similarly, RO2, uses all ten PRBs of Interlace 2 and two PRBs of Interlace 4. RO3 and RO4 are defined in a similar fashion except minor adjustments to the pattern are needed in case either RO1 or 2 have already used a PRB.
With this design, it is easy to FDM multiplex PUSCH/PUCCH for the same or different user on the unused interlaces. For example, if only RO1 and 2 are configured, Interlaces 3, 4, and 5 are available for PUSCH/PUCCH except in 4 distinct PRB locations (3, 9, 23, and 29) where the extra 2 out of 12 PRBs for PRACH RO1 and RO2 are allocated outside their “primary” interlaces. These exceptions would be known to the UE since it is naturally aware of the PRACH configuration pattern through broadcast signalling (SIB1).
Figure 5 shows the output of the PRACH detector for the above interlacing design. As in Figure 4, the output is shown for the case that the hypothesized sequence is (a) the same, or (b) different than the transmitted sequence, thus illustrating the auto- and cross-correlation properties. As mentioned previously, the non-contiguous mapping of the PRACH sequence in the frequency domain causes the auto-correlation to have sidelobes as illustrated in Figure 5(a); however, the sidelobe levels have been controlled by introducing some irregularity into the mapping. The resulting autocorrelation has a dominant peak at the true delay (1 μs). Even in the presence of a dispersive channel where the peak can be “smeared,” we have found that with this level of dominance, the performance is still very good, and compares favourably to the case of no interlacing.
We note that further optimization of the patterns is possible, and may be done in such a way to minimize the number of used interlaces for a given number of configured RACH occasions while still maintaining good irregularity resulting in low sidelobe levels. For example, for N ROs, it is possible to construct a pattern where only N + 1 interlaces are touched by PRACH, leaving 5 – (N+1) full interlaces for other signals/channels.
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	(a)	(b)
[bookmark: _Ref519865665]Figure 5: PRACH detector output for the PRB-based interlacing design in Figure 6 for SCS = 30 kHz, AWGN channel, delay = 1 μs when the hypothesized sequence is either (a) same, or (b) different than the transmitted PRACH sequence.
[bookmark: _Toc533002898]3.2	Performance of PRB-Interlaced PRACH
[bookmark: _GoBack]In the previous section, it is argued that an interlaced design with controlled sidelobes is desirable. Ultimately, what matters is the PRACH performance in terms of miss-detection probably, false-detection probability, and timing estimation error. In our companion paper [11], we present simulation results of the irregular (non-uniform) PRB-based interlace scheme introduced in the previous section using the simulation assumptions and evaluation metrics agreed in the previous two meetings. The results are summarized in the tabular format agreed in RAN1#96. For comparison purposes, we also evaluate the NR Rel-15 contiguous RE design as well as an alternative contiguous (non-interlaced) design consisting of a frequency domain repetition of the NR Rel-15 design. The motivation for considering the repetition design is that it seems to be the option that requires the least degree of spec changes amongst the 4 alternative schemes identified in the TR for the NR-U SI [1], Section 7.2.1.2. This design enables increased maximum transmit power under a PSD constraint compared to the NR Rel-15 design, albeit at the cost of reduced RACH capacity and loss in multiplexing capability with PUSCH/PUCCH compared to the interlaced scheme proposed here. Setting aside these trade-offs, in [11] we find that both the irregular and repetition schemes perform well for all metrics in the evaluation assumptions agreed in RAN1 AH 1901. Based on this we propose the following:
[bookmark: _Toc4603165][bookmark: _Toc4785769]Down-select amongst the following two enhanced PRACH schemes identified in the TR 38.889 for the NR-U SI: (1) non-uniform (irregular) PRB-based interlace mapping using the same interlace structure agreed for PUSCH/PUCCH and using a ZC sequence length of 139 (Alt-2 in the TR), and (2) non-interlaced mapping with repetition of the NR Rel-15 PRACH mapping in the frequency domain (Alt-4 in the TR).
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[bookmark: _Ref972496]Figure 6: Candidate PRB-based interlace design for PRACH for 30 kHz using the same interlace structure as for PUSCH/PUCCH. Interlaces 2,3,4,5 have 10 PRBs per interlace; Interlace 1 has 11. Four RACH occasions (RO) in the frequency domain are shown where each RO consists of 12 PRBs (144 sub-carriers).

[bookmark: _Toc533002899]4	Conclusion
Based on the discussion in this paper we observed the following:
Observation 1	DCI format 1_0 used to schedule PDSCH carrying SIB1 supports only Type0 PDSCH resource allocation (contiguous RBs) in the frequency domain.
Observation 2	Only the short PRACH sequence length (LRA = 139) is useful for NR-U.
Observation 3	Only a subset of the short PRACH preamble formats, A1 – A3 and B1 – B4, are useful for NR-U.

Based on the discussion in this paper we make the following proposals for DRS and PRACH design:
Proposal 1	For CORESET0 bandwidth of 48 PRBs and {SS/PBCH block, PDCCH} SCS of {30, 30} kHz support 0 RB offset between CORESET0 and SS/PBCH blocks.
Proposal 2	Support a configuration of a Type0-PDCCH CSS with two single-symbol monitoring occasions in OFDM symbols 0 and 7 within the same slot (assuming symbol indexing starts at 0).
Proposal 3	The UE assumes Case C SS/PBCH block time domain pattern for both 5 and 6 GHz unlicensed bands. Include this agreement in an LS to RAN4 (see Draft LS in [7]) along with the prior agreement on UE assumption of 30 kHz SCS for SS/PBCH blocks.
Proposal 4	Support a default PDSCH TypeB mapping starting in OFDM symbol 7 with a length of 7 OFDM symbols (assuming symbol indexing starts at zero).
Proposal 5	In line with NR Rel-15, mapping of SIB1 around an SS/PBCH block is not supported.
Proposal 6	Repetition of SS/PBCH blocks in the frequency domain is not a needed enhancement to Rel-15 specifications and should not be supported.
Proposal 7	As in NR Rel-15, 60 kHz SCS for PRACH is not supported in FR1.
Proposal 8	Enhancements to PRACH preamble formats to introduce gaps between time domain PRACH occasions is not supported in Rel-16
Proposal 9	Down-select amongst the following two enhanced PRACH schemes identified in the TR 38.889 for the NR-U SI: (1) non-uniform (irregular) PRB-based interlace mapping using the same interlace structure agreed for PUSCH/PUCCH and using a ZC sequence length of 139 (Alt-2 in the TR), and (2) non-interlaced mapping with repetition of the NR Rel-15 PRACH mapping in the frequency domain (Alt-4 in the TR).
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