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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 DM-RS 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: _Toc7546210][bookmark: _Toc7551048][bookmark: _Toc7551109][bookmark: _Toc7553294][bookmark: _Toc7806027]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 not to modify existing DCI formats.
2.1	Frequency Domain Position of SS/PBCH Block in DRS
In this section, as a starting point, consider the case of 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 [5] (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 DM-RS, 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.
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[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 [4]. 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: _Ref7728030][bookmark: _Ref959332][bookmark: _Toc7806316]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. Inform RAN4 of the need for at least one sync raster point allowing transmission of SS/PBCH block near the channel edge. 
2.2	Time Domain Position of SS/PBCH Block in DRS
As shown in the previous subsection, a DRS with one SS/PBCH block can be supported with Rel-15 TypeA PDSCH mapping configurations. Extending to the case of two SS/PBCH blocks per slot, changes may be  needed to the NR Rel-15 specifications. For this case, it makes sense to discuss SS/PBCH block position and Type0-PDCCH common search space position jointly, since they are tightly coupled.
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 [4]. 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)
From the discussions 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.

In RAN1#96b, the following agreement was made: 
Agreement:
Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot

These agreements states that RAN1 shall down select between Option 1 and Option 2 for the SS/PBCH block position, and in addition select what Type0-PDCCH configurations to support between Alt 1 (based on Option 1), Alt 2 (based on Option 2), and Alt 3 (based on Option 1). As a consequence of these selections, potential impact on the PDSCH TypeA and TypeB mappings in Table 5.1.2.1.1-2 in [5] (Default Table A) need to be considered as well.  
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[bookmark: _Ref4614246]Figure 2: SS/PBCH block time domain patterns supported in NR Rel-15

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 be one only if there is a very strong motivation to do so. 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 our view it is preferable to stick with the legacy (Rel-15) time domain SSB patterns Case A and C, thus narrowing the scope of the discussion to Alt-1 and Alt-3 in the RAN1#96b agreement above.
In Figure 3, one-slot DRS options with length-2 CORESET0 based on Alt 1 are illustrated. These DRS options are already supported with Rel-15 PDSCH mappings; hence, no changes are needed to Default Table A. The one SSB per slot DRS is supported with the existing TypeA mapping in row Index 1 in Table 5.1.2.1.1-2 in [5] (Default Table A). The two SSB per slot DRS is supported with the existing TypeA mapping in row index 14 for the first half slot and TypeB mapping in row index 16 for the second half slot.
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a) Alt 1, length-2 CORESET0, one SSB per slot.
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b) Alt1, length-2 CORESET0, two SSBs per slot.
[bookmark: _Ref7772415]Figure 3 Illustration of Alt 1 versions of SSB and Type0-PDCCH positions for length-2 CORESET0. No changes are needed to Default Table A to support these configurations.
In Figure 4, one-slot DRS options with length-1 CORESET0 based on Alt 1 are illustrated. The one SSB per slot DRS is supported with the existing TypeA mapping in row Index 12. To support two SSBs per slot will require a new TypeB. The new Type B mapping should allow PDSCH to be mapped to the 2nd half slot. Note, however, that there is an ambiguity in the Rel-15 specification regarding overlapping PDCCH and PDSCH, when the CRC of the scheduling PDSCH is scrambled by SI-RNTI (see the discussion paper [10]). If the ambiguity can be resolve such that overlap is supported, even with SI-RNTI, then the new TypeB mapping can start at OFDM symbol 7 and have length 7. If the ambiguity cannot be resolved, then the new TypeB mapping should start at symbol 8 and have length 6.
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a) Alt 1, length-1 CORESET0, one SSB per slot.
[image: ]		[image: ]
b) Alt-1, length-1 CORESET0, two SSBs per slot.
[bookmark: _Ref7694541]Figure 4 Illustration of Alt 1 versions of SSB and Type0-PDCCH positions for length-1 CORESET0.
In our view, keeping the legacy Case C pattern, and locating the 2nd Type0-PDCCH monitoring occasion in symbol 7 for a length-1 CORESET0 and in symbols 6 and 7 for a length-2 CORESET0 has enough flexibility for configuring the DRS and minimizes specification changes. Hence, we propose the following:
[bookmark: _Ref7513915][bookmark: _Toc7806317]Adopt Alt 1 for SSB and Type0-PDCCH positions. Include this agreement in an LS to RAN4 along with the prior agreement on UE assumption of 30 kHz SCS for SS/PBCH blocks. A draft LS to RAN4 is contained in [11].
[bookmark: _Ref965214][bookmark: _Toc7806318]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, by adopting the proposals in Proposal 1 - Proposal 4, a very flexible DRS design with efficient multiplexing of SS/PBCH block(s) and RMSI PDCCH/PDSCH is accomplished.
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 block, hence the white gaps in Figure 1, Figure 3 and Figure 4.
If further optimizations of the number of available resources for SIB1 are needed compared to the designs proposed in Section 2.1 and 2.2, 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 [5] 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 [2] that “the UE may assume that no DM-RS collides with the SS/PBCH block” would need to be revisited.
Allowing rate matching of PDSCH around the SS/PBCB would have unfortunate consequences. It has been proposed to make use of PDCCH DM-RS in combination with PDSCH DM-RS for demodulation of PDSCH carrying SIB1. This would require PDCCH DM-RS and PDSCH DM-RS to be transmitted on the same antenna port – something that is not supported currently in Rel-15. It also violates a fundamental NR design philosophy of keeping dedicated reference signals as part of the intended channel only and also restricts gNB implementation. Furthermore, if PDSCH is “mapped” around an SSB, the PDSCH DMRS would need to be punctured, which will have a negative impact on the UE channel estimator implementation.
As discussed in Section 2.1, placing the SS/PBCH block and CORESET0 with 0 RB offset, will facilitate enough payload size for SIB1 PDSCH. In light of these arguments we propose the following:
[bookmark: _Toc7806319]In line with NR Rel-15, mapping of SIB1 around an SS/PBCH block is not supported. Instead, a sync raster point that allows transmission of SS/PBCH block near the channel edge can maximize the REs available for PDSCH carrying SIB1.
2.4 Maximum DRS length
In RAN1#96bis, the following agreement from the SI phase regarding the relationship of the DRS duration and the LBT category was updated with the highlighted part: 
	
	Cat 2 LBT
	Cat 4 LBT

	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms
Cat4 with any channel access priority class value can be used



With this agreement, in order to use Cat 2 LBT the duration of the transmitted DRS is limited to 1 ms, and thus for that case the maximum number of SS/PBCH blocks that can be transmitted within the DRS (X) depends on the sub-carrier spacing of the SS/PBCH blocks. In case the gNB decides to transmit a DRS longer than 1 ms, Cat 4 LBT will be used and thus up to X = L = 8 SS/PBCH blocks can be transmitted.
[bookmark: _Toc7694076][bookmark: _Toc7806028][bookmark: _Toc528677256]In order to use Cat2 LBT, the duration of the DRS should be less than 1 ms; hence, the maximum number of transmitted SS/PBCH blocks X within the DRS depends on the sub-carrier spacing. For 30 or 15 kHz SCS, X = 4 or 2 results in a DRS duration less than 1 ms, respectively. When Cat4 LTB is used, X = L = 8 can also be supported.
[bookmark: _Toc533002896]3	PRACH
3.1	Supported PRACH Formats
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. These are illustrated in Figure 4. All formats consist of a Zadoff-Chu sequence s that is repeated one or multiple times without cyclic prefix in between repetitions (only a cyclic prefix c at the very beginning of the preamble). Note that the Bx formats have small guard periods at the end, and Cx formats have larger guards. This will be discussed in the next section regarding gaps required for LBT operation. For the short formats, multiple preambles can generally be time-multiplexed in a single slot according to the PRACH configuration tables in 38.211.
[image: ]
[bookmark: _Ref7546432]Figure 4: PRACH formats specified in Rel-15. Note that formats Bx and Cx have guard periods at the end of the preamble transmission.
The long formats (L = 839) mainly target large cell deployments. Since NR-U is expected to be deployed in relatively small cells, the long formats are not of particular interest for NR-U operations. Despite the fact that NR Rel-15 supports multiple formats, and not all are relevant for NR-U operations, it does not mean that certain formats should be excluded from the specifications. Generally speaking, as long as Rel-15 offers configuration options that are beneficial for NR-U operation, then it is a matter of configuration to select the appropriate format from the ones already available in the specification. In this sense, we see no need to explicitly exclude certain formats. This same paradigm is valid for other features to be used for NR-U.
[bookmark: _Toc7806320]Existing Rel-15 PRACH configuration tables which include all PRACH formats may be reused for NR-U operations.
[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 [3]
	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 [6]), 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 [7]). Based on this, we propose the following:
[bookmark: _Toc520113627][bookmark: _Toc520130616][bookmark: _Toc7806321]As in NR Rel-15, 60 kHz SCS for PRACH is not supported in FR1.
[bookmark: _Hlk4658846]3.2	Time Domain Gaps Between PRACH Occasions
In the previous meeting, the following issue was raised in the feature lead summary for AI 7.2.2.1.1 [8]:
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 Proposal:
NR Rel-15 RACH occasion configuration should be enhanced to avoid potential blocking between neighbouring time-domain RACH occasions. 
· The gap between ROs are integer multiple of OFDM symbols 
· FFS: The exact length of gap between ROs 
We note that 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 where back-to-back PRACH occasions in the same slot have a greater probability of being occupied. The consequence of blocking is that it could 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, blocking may be an issue; however, this has not yet been demonstrated by conclusive evaluation results. As such, our view is that extensive specification effort should not be undertaken unless it is proven that there is a serious problem to solve. We note the following:
· LBT blocking is potentially an issue only in the case of back-to-back PRACH occasions in the same slot. Not all PRACH configurations specified in 38.211 result in back-to-back time domain occasions in the same slot
· Some configurations only have 1 PRACH occasion in a slot with a gap before and after
· PRACH format C2, contains a guard at the end of the preamble transmission and thus allows 2 PRACH configurations within a slot with a gap in between which may be sufficient for LBT operation. This can be observed in Figure 4 which shows the guard period of 47 µs at 30 kHz SCS.
· Introduction of gaps in between PRACH occasions within a slot can be solved in other ways than a complete redesign of the PRACH configuration tables (see below). We note that the specification of PRACH configuration tables in Rel-15 required extensive, time consuming discussions. It is not preferred to engage in a similar exercise unless absolutely necessary.
In case it is demonstrated that gaps between back-to-back PRACH occasions are needed, a simpler solution than a PRACH configuration table redesign is puncturing of part of the PRACH preamble, either at the beginning or the end to create a gap for LBT. Since the preamble formats consist of multiple repetitions in the time domain anyway, it is not envisioned that puncturing creates a large performance impact. To compensate for puncturing the UE may transmit at slightly higher power such that the total energy of the PRACH transmission is maintained the same as without puncturing. An advantage of puncturing is that it would not reduce the number of PRACH occasions per slot, in contrast to a table redesign where explicit gaps are introduced by configuration. We note that similar puncturing approaches have been used in LTE-feLAA for autonomous UL operation to create gaps for LBT.
[bookmark: _Toc7806322]If it is demonstrated that gaps are needed between back-to-back PRACH occasions in the same slot in order improve RACH performance for practical system loadings, several solutions can be considered. One solution is to configure PRACH preamble format C2 which has inherent gaps between PRACH occasions due to the guard. Another simple solution is to adopt partial puncturing of existing PRACH preamble formats either at the beginning of the transmission or the end. Finally, a PRACH configuration table re-design can be considered, but only if absolutely necessary.
[bookmark: _Toc533002897]3.3	PRACH Sequence Mapping Options
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. Figure 5 demonstrates these characteristics.
	[image: ]	[image: ]
	(a)	(b)
[bookmark: _Ref519862357]Figure 5: 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.
In RAN1#96b, the following agreement was made:
Agreement:
PRB/RE-interlaced PRACH is not considered further. Consider the following alternatives should be studied further as options.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139

We note that all 3 alternatives in this agreement (except non-contiguous repetitions in Alt-1) have the above desirable characteristics, so it comes down to evaluating trade-offs amongst (1) performance in terms of MCL for a given maximum UE transmit power (e.g., 23 dBm), (2) cubic metric, (3) design and specification effort. In our view the prime candidates to consider are Alt-1 and Alt-2.1 since both can be realized with minimal changes to Rel-15 specifications. In our companion paper [9], we present simulation results for Alt-1 with 2 repetitions in the frequency domain mapped to contiguous subcarriers. This increases the size of a PRACH occasion in the frequency domain to 24 compared to 12 for Rel-15. We also investigate Alt-2.1 with a Zadoff-Chu sequence length of 283 (largest prime number that is less than , where 144 is the number of subcarriers in 12 PRBs). This results in 5 unused subcarriers in 24 PRBs which can be used for a guard between PRACH occasions in frequency. In all cases, we use the simulation assumptions agreed in the previous two meetings. The results are summarized in the tabular format agreed in RAN1#96.
Based on the results in [9] we find very similar performance for Alt-1 and Alt-2.1; both schemes result in nearly identical maximum coupling loss (MCL) assuming a UE transmit power of 23 dBm. However, we find two aspects in favor of Alt-2.1: (1) about 1 dB lower CM which could help for UEs with lower output power, and (2) higher capacity due to more ZC roots for the longer ZC sequence (283 vs. 139).
It can be argued whether or not aspects (1) and (2) are important given that the NR UEs are likely rated at 23 dBm output power, and the additional ZC roots may not be beneficial in an NR-U small cell scenario. However, thinking of forward compatibility aspects, we have a preference for Alt-2.1 in case lower power class UEs are introduced in the future or extra RACH capacity happens to be needed.
Based on this we propose:
[bookmark: _Toc7449540][bookmark: _Ref7553176][bookmark: _Toc1070646][bookmark: _Hlk4603286][bookmark: _Toc7806323]Support Alt-2.1 for PRACH sequence mapping as follows: Enhance Rel-15 PRACH formats A, B, and C to support one additional Zadoff-Chu sequence length LRA = 283. The size of a PRACH occasion in the frequency domain is doubled compared to Rel-15. Support configuration of only unrestricted PRACH preamble sets, as in Rel-15. FFS: supported values of cyclic shift spacing NCS as well as mapping of logical sequence index i to sequence number u with minimal change to Rel-15.
[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	In order to use Cat2 LBT, the duration of the DRS should be less than 1 ms; hence, the maximum number of transmitted SS/PBCH blocks X within the DRS depends on the sub-carrier spacing. For 30 or 15 kHz SCS, X = 4 or 2 results in a DRS duration less than 1 ms, respectively. When Cat4 LTB is used, X = L = 8 can also be supported.

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. Inform RAN4 of the need for at least one sync raster point allowing transmission of SS/PBCH block near the channel edge.
Proposal 2	Adopt Alt 1 for SSB and Type0-PDCCH positions. Include this agreement in an LS to RAN4 along with the prior agreement on UE assumption of 30 kHz SCS for SS/PBCH blocks. A draft LS to RAN4 is contained in [11].
Proposal 3	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 4	In line with NR Rel-15, mapping of SIB1 around an SS/PBCH block is not supported. Instead, a sync raster point that allows transmission of SS/PBCH block near the channel edge can maximize the REs available for PDSCH carrying SIB1.
Proposal 5	Existing Rel-15 PRACH configuration tables which include all PRACH formats may be reused for NR-U operations.
Proposal 6	As in NR Rel-15, 60 kHz SCS for PRACH is not supported in FR1.
Proposal 7	If it is demonstrated that gaps are needed between back-to-back PRACH occasions in the same slot in order improve RACH performance for practical system loadings, several solutions can be considered. One solution is to configure PRACH preamble format C2 which has inherent gaps between PRACH occasions due to the guard. Another simple solution is to adopt partial puncturing of existing PRACH preamble formats either at the beginning of the transmission or the end. Finally, a PRACH configuration table re-design can be considered, but only if absolutely necessary.
Proposal 8	Support Alt-2.1 for PRACH sequence mapping as follows: Enhance Rel-15 PRACH formats A, B, and C to support one additional Zadoff-Chu sequence length LRA = 283. The size of a PRACH occasion in the frequency domain is doubled compared to Rel-15. Support configuration of only unrestricted PRACH preamble sets, as in Rel-15. FFS: supported values of cyclic shift spacing NCS as well as mapping of logical sequence index i to sequence number u with minimal change to Rel-15.
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