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Introduction
In this contribution, we would like to discuss some issues related to RMSI and PRACH in NR-U. Some relevant agreements in previous meetings are listed in the Appendix.
Discussion
RMSI transmission with an SSB not on a sync raster
Regarding RMSI transmission with an SSB not on a sync raster, a working assumption was made in the last RAN1 meeting. It was noted that the working assumption will be revisited if RAN4 decides that there is more than one sync raster per 20 MHz. According to RAN4’s agreed WF, there is only one sync raster per 20 MHz, so we think the working assumption should be confirmed.
As pointed out in the working assumption, one detail for further discussion is how many offsets are signaled in PBCH payload. In our understanding, two types of offsets, i.e. sub-carrier level offset and RB level offset, should be discussed. 
Sub-carrier level offset 
NR design is the baseline for NR_U. In NR, RMSI is transmitted based on a common PRB grid, of which SCS is given by subCarrierSpacingCommon in MIB. In addition, SSB may not be PRB aligned with the common PRB and there would be a sub-carrier level offset between the edge of SSB PRB and the PRB grid for the common PRB. To let UE know the PRB grid for the common PRB, a sub-carrier level offset is indicated by PBCH. More specifically, the offset is denoted by . For FR1, , expressed in terms of 15 kHz SCS. The 4 least significant bits of  is indicated by ssb-SubcarrierOffset in MIB and the most significant bit of is given by  in PBCH payload.
For NR_U, regarding the alignment of PRB grids of SSB PRB and the common PRB, the possible values of the sub-carrier level offset in NR_U may be different from that in NR. The possible values are kind of subject to valid combinations of sync raster and channel raster. As mentioned before, there is only one sync raster per 20 MHz. Meanwhile, RAN4 is trying to define channel raster points for different channel bandwidth. According to RAN4’s agreed WFs on sync raster and channel raster, the possible combinations would result in more than one possible values of sub-carrier level offset. Therefore, it is necessary to indicate sub-carrier level offset () in PBCH payload so that UE can determine the exact frequency location of CORESET#0. 
RB level offset
The number of PRBs for CORESET#0 is 48/96 for 30/15 kHz respectively. Therefore, for a specific common PRB grid, if CORESET#0 is always confined within a 20-MHz sub-band, the candidate frequency locations of CORESET#0 in a sub-band could be very limited. However, According to RAN4’s agreed WF on sync raster, to meet requirement on minimum guardband and channel bandwidth, the possible values of RB level offset between sync raster and the first RB of CORESET#0 are different for some sync raster points. Therefore, to simplify UE’s implementation, the RB level offset should be indicated by PBCH payload.
According to the discussions above, we have the following proposals.
Proposal 1: Confirm the working assumption on RMSI transmission with an SSB not on a sync raster.
· Both sub-carrier level offset () and RB level offset should be indicated in PBCH payload.
LBT gaps between RACH occasions
According to NR, for short preamble formats, time-domain RACH occasions (ROs) are configured continuously within a PRACH slot. If NR-U reuses the above RO configuration method, assuming LBT for a PRACH transmission takes at least 25 us (it would take a longer time if the LBT is Cat-4 LBT), there would be no enough space for LBT between two neighboring time-domain ROs. That means the PRACH transmission on the prior RO would block the later one, resulting in wasting resources, reducing capacity and increasing latency. 
To avoid potential blocking between neighboring time-domain ROs, a gap between neighboring time-domain ROs could be introduced. For example, the gap is integer multiple of symbols. Two alternatives can be considered.
· Alt. 1: Indicate the gap in number of symbols in RO configuration.
· Alt. 2: Invalidate odd or even ROs in a PRACH slot. The number of symbols can be indicated for RO configuration. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 2: For NR-U, NR Rel-15 RO configuration should be enhanced to avoid potential blocking between neighboring time-domain ROs. 
Proposal 3: Introduce a gap in number of symbols between neighboring time-domain ROs. Two alternatives can be considered.
· Alt. 1: Indicate the gap in number of symbols in RO configuration.
· Alt. 2: Invalidate odd or even ROs in a PRACH slot.
Conclusion
Proposals in this contribution are summarized as following:
Proposal 1: Confirm the working assumption on RMSI transmission with an SSB not on a sync raster.
· Both sub-carrier level offset () and RB level offset should be indicated in PBCH payload.
[bookmark: _GoBack]Proposal 2: For NR-U, NR Rel-15 RO configuration should be enhanced to avoid potential blocking between neighboring time-domain ROs. 
Proposal 3: Introduce a gap in number of symbols between neighboring time-domain ROs. Two alternatives can be considered.
· Alt. 1: Indicate the gap in number of symbols in RO configuration.
· Alt. 2: Invalidate odd or even ROs in a PRACH slot.
References
[1] Chairman's Notes RAN1_93_final, 3GPP TSG RAN WG1 Meeting #93, May 2018.
[2] Chairman's Notes RAN1_94_final, 3GPP TSG RAN WG1 Meeting #94, Aug. 2018.
[3] Chairman's Notes RAN1_96_final, 3GPP TSG RAN WG1 Meeting #96, Feb. 2019.
[4] Chairman's Notes RAN1_96bis_final, 3GPP TSG RAN WG1 Meeting #96bis, Apr. 2019.
[5] Chairman's Notes RAN1_97_final, 3GPP TSG RAN WG1 Meeting #97, May 2019.
[6] Chairman's Notes RAN1_98_final, 3GPP TSG RAN WG1 Meeting #98, Aug. 2019.
[7] Chairman's Notes RAN1_98bis_final, 3GPP TSG RAN WG1 Meeting #98bis, Qct. 2019.
Appendix
	RAN1#93 [1]
	Agreement:
· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· It is identified that interlaced based PRACH can be beneficial. 
· The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:
· Interlacing based on PRB or REs
· Targeted cell sizes
· Targeted PRACH capacity
· Targeted false alarm and detection rates
· Targeted timing estimation accuracy
· Number of formats
· Multiplexing with other channels such as block interlaced PUCCH and PUSCH

	RAN1#94 [2]
	Agreement:
· For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH
· Note: This is only from a user-multiplexing perspective. Other aspects of PRACH design need to be considered, i.e., timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power
· For scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH
· FFS: Potential LBT blocking due to TA difference between FDM’d PUSCH, PUCCH, and PRACH.

	RAN1#96 [3]
	Agreement:
LBT other than Cat4 is not considered for UL transmissions that are part of a RACH procedure that initiate a channel occupancy
· Note: This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths

	RAN1#96bis [4]
	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

	RAN1#97[5]
	Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.

	RAN1#98[6]
	Agreement:
No new PRACH formats are specified for operation in unlicensed spectrum.
Agreement:
To support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster consider the following alternatives:
· Alt 1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
· Alt 2: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point and the MIB in SSB will point to the frequency location of the coreset #0.
· FFS: number of CORESET 0 offsets configurable in MIB when SSB is not on sync raster entry 
· Note: Signalling of offset only necessary if more than one off-sync-raster point offset is agreed

	RAN1#98b[7]
	Working assumption:
For RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster, the PBCH in SSB not on a sync raster does not directly provide the location of the CORESET 0 for RMSI reception. 
· The frequency domain difference between an off-sync SS/PBCH block and its associated CORESET #0 is determined at least based on 
· The offset between the frequency location of the off-sync SS/PBCH block configured by gNB (high layer parameter ssbFrequency) and the frequency location corresponding to the GSCN of the synchronization raster entry within the same LBT bandwidth.
· Also based on the offsets signaled in PBCH payload (including MIB). 
· FFS: How many offsets
· Note: For ANR purpose, the SSB and and the associated CORESET0 are expected to be in the same LBT bandwidth
· Note: This working assumption assumes that there is only one sync raster point defined per 20 MHz. If RAN4 decides that there is more than one sync raster point per 20 MHz, then this working assumption is not valid and will be revisited






