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1 Introduction
In RAN1 meeting 95[1], the following agreements regarding the initial access signal and channels for NR-U were made: Agreement:
· Confirm the working assumption: Extended CP for SS/PBCH block is not supported for NR-U operation

Agreement:
· 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. 









This contribution discusses the remaining details of agreements from study item and open issues for work item, related to the initial access signals and channels for NR-U:
· Numerology of SS/PBCH Block and Synchronization Raster
· NR-U DRS Design
· Waveform, Numerology, and Formats of PRACH
· Time and Frequency Enhancements for RACH Resources
· Modification to PRACH Occasions for LBT
2 Numerology of SS/PBCH Block and Synchronization Raster
In RAN1 #94bis [2], it was agreed that the UE assumes single numerology of SS/PBCH block per band for a NR-U unlicensed PCell, In RAN1 #95 [1], it was confirmed that extended CP for SS/PBCH block is not supported for NR-U. In the WID [3], it was further captured that 60kHz SCS for SSB/PBCH block is outside the scope of the NR-U WI. Hence, for the WI, RAN1 only needs to down-select from 15 kHz or 30 kHz SCS, either with normal CP, for SS/PBCH block on an unlicensed PCell per NR-U band. 
For 5 GHz unlicensed band, it was agreed that the initial active DL BWP is approximately 20 MHz, which can at least contain 51 RBs using 30 kHz SCS and 106 RBs using 15 kHz SCS, referring to NR Rel-15 spectrum utilization. Hence, both 15 kHz and 30 kHz SCS based SS/PBCH block can fit in the initial active DL BWP, and the down-selection can be performed based on the initial cell search accuracy and time-domain overhead. In NR Rel-15, the selection of the candidate SCS for SS/PBCH block has been studied in depth, and it was observed that 15 kHz may not be used as proper candidate SCS for SS/PBCH block on higher frequency range in FR1 (e.g. 3 to 7 GHz), due to degraded capability to resist initial CFO (referring to evaluation results in [4], which is our contribution in NR Rel-15). Meanwhile, the time-domain overhead for SS/PBCH burst set using 15 kHz SCS doubles the one using 30 kHz, taking into account other potentially configured signals/channels (e.g. RMSI, OSI, and paging), so 30 kHz is also more preferable from the perspective of overhead. Hence, at least for 5 GHz unlicensed, the single SCS for an unlicensed PCell shall be recommended as 30 kHz from RAN1 perspective, and RAN1 shall send the recommendation to RAN4 for determining the association between default SCS for SS/PBCH block and a frequency band. 
For 6 GHz unlicensed band, same proposal can be applicable if the channelization is similar to 5 GHz unlicensed band, e.g. minimum channel bandwidth is also 20 MHz.
Proposal 1: For 5 GHz unlicensed band, RAN1 shall recommend 30 kHz as the single SCS of SS/PBCH block for an unlicensed PCell.
· Send a LS to RAN4 to notify above recommendation from RAN1.
· Same proposal can be applicable to 6 GHz unlicensed band, if the minimum channel bandwidth is at least 20 MHz.
After determining the default SCS of SS/PBCH block for a NR-U unlicensed PCell, one related issue to address is the synchronization raster design for the corresponding default SCS of SS/PBCH block, which is further related to the channel raster design for the corresponding unlicensed band. The designs of synchronization raster and channel raster in RAN4 will impact the design of PBCH content including the configuration of CORESET #0 and floating sync in RAN1, hence, it would be beneficial to ask RAN4 start the work early in the work item phase by noticing that the configuration of CORESET #0 for 20 MHz minimum channel bandwidth is not supported in NR Rel-15. Another aspect that may impact the designs of synchronization raster and channel raster for NR-U is the regulation on the unlicensed bands. For example, for 5 GHz unlicensed, the channel center is restricted to a certain frequency with a small potential frustration. This channelization is much more restricted than a NR Rel-15 licensed band, such that the channel raster for NR-U can be expected to be much sparser than NR Rel-15 licensed band, which further impact the synchronization raster design for NR-U, e.g. may be much sparser than NR Rel-15 licensed band. An illustration of the comparison between NR REl-15 and NR-U channelization is shown in Figure 1. RAN1 shall be prepared for the potential impact to RAN1 spec due the changes on synchronization raster and channel raster, and shall send a LS to trigger the discussion on this issue in RAN4. A draft LS is provided in our accompany contribution [5]. 
Proposal 2: Send a LS to RAN4 to ask the channel raster and synchronization raster designs for NR-U bands, based on the determined default SCS of SS/PBCH block.


[bookmark: _Ref533691188]Figure 1 Comparison between NR Rel-15 and NR-U channelization.
3 NR-U DRS Design
In RAN1 #95 [1], it was agreed that Pattern 1 is recommended for multiplexing of SS/PBCH block(s) and CORESET(s)#0 in NR-U, wherein 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. Furthermore, 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. 
However, before studying the potential enhancement to the Type0-PDCCH common search space configuration, several more fundamental design aspect shall be discussed first. 
A first aspect is whether a UE can assume received SS/PBCH block is always part of some NR-U DRS. In NR Rel-15, the periodicity of SS/PBCH block transmission is configurable from {5, 10, 20, 40, 80, 160}, and a UE assumes 20 ms for initial access purpose. If the periodicity of NR-U DRS is also configurable, it is a simpler design to align the periodicity of NR-U DRS transmission with the periodicity of SS/PBCH block transmission, such that a UE always assumes a received SS/PBCH block is part of some NR-U DRS. Otherwise, an indication may be required to distinguish different UE behaviours on receiving SS/PBCH blocks within or outside a NR-U DRS window, which leads to extra spec impact and implementation complexity for NR-U. 
A second aspect is whether a UE can assume the reception of RMSI is always within a NR-U DRS. If the periodicity of NR-U DRS is configurable, and the periodicity of RMSI remains the same as NR Rel-15, e.g. 20 ms, then it is natural to have PDCCH/PDSCH of RMSI outside NR-U DRS windows.
A third aspect is whether and/or how to distinguish Type0-PDCCH CSS within and outside a NR-U DRS window. One potential answer to this question is striving to use same configuration of Type0-PDCCH CSS within and outside a NR-U DRS window, however, the flexibility may be very restricted for those RMSI outside a NR-U DRS window. Another potential answer to this question is utilizing different configurations of Type0-PDCCH CSS within and outside a NR-U DRS window, then whether and/or how to indicate the two configurations is the next discussion point. Comparing the two solutions, the later one is more preferable from the perspective of flexibility, and RAN1 can strive to minimize the spec impact for introducing another Type0-PDCCH CSS within a NR-U DRS window (e.g. using a default configuration). 
Based on above discussions, we propose the following: 
Proposal 3: For NR-U DRS,
· a UE assumes the periodicity of NR-U DRS transmission is the same as the periodicity of SS/PBCH block transmission;
· a UE assumes the configurations of Type0-PDCCH CSS within and outside a NR-U DRS window can be different.
4 Waveform, Numerology, and Formats of PRACH
The NR-U PRACH waveform design needs to meet the unlicensed regulations. For example, NR-U can use the interlaced PRACH waveform for the occupied channel bandwidth (OCB) to be more than 80% of nominal bandwidth. In addition, with 30 kHz PRACH SCS, up to 4 PRACH interlaces with each PRACH interlace occupying 12 PRBs can be supported within the initial active UL BWP of 20 MHz, i.e., the PRB-based interlace design option with M = 4, N = 12 for 30 kHz SCS from [2].
The OCB regulation for 5 GHz unlicensed band also allows that during a channel occupancy time (COT), the equipment may operate temporarily with an OCB of less than 80 % of its nominal channel bandwidth with a minimum of 2 MHz. Since PRACH with short preamble formats occupies 12 PRBs with more than 2 MHz bandwidth, and only requires 2/4/6/12 OFDM symbols which is relatively short in the time domain, NR-U PRACH waveform can also reuse the legacy continuous waveform of NR Rel-15 PRACH by exploiting this temporal allowance for OCB to be less than 80% of nominal BW (i.e., initial active UL BWP). 
The continuous waveform for NR-U PRACH can be beneficial because: (1) the continuous waveform requires minimal change from Rel-15 PRACH; (2) contiguous waveform for PRACH can potentially achieve better timing accuracy compared to interleave-based waveform; and (3) PRACH occasion determination can reuse the legacy procedure as in NR Rel-15. In addition, the effects of PSD constraint on PRACH coverage as well OCB requirement can be compensated by using a higher SCS for PRACH such as 30 kHz. Furthermore, as will be observed later that multiplexing between PRACH and PUSCH/PUCCH in a TDM manner is more beneficial for NR-U, the continuous waveform for PRACH is therefore preferred over the interlace-based waveforms for NR-U PRACH, at least for initial access purpose. 
Proposal 4: NR-U shall support continuous-based waveform only for PRACH if OCB requirement can be met.
Since NR-U mainly targets the small cell scenarios with a shorter coverage range, and that 30 kHz PRACH SCS provides better compensation for the PSD constraint and OCB requirement than 15 kHz PRACH SCS, it is therefore preferred to use 30 kHz SCS over 15 kHz SCS for NR-U PRACH. In addition, despite supporting 60 kHz SCS for PRACH in FR1 NR-U may lead to faster PRACH transmission and further compensation for PSD limit over 30 kHz SCS, many enhancements are needed from NR Rel-15. For examples, such enhancements can include: (1) support the configuration of 60 kHz SCS through RRC layer besides the legacy 15 kHz SCS and 30 kHz SCS; (2) reinterpret each entry of the PRACH configuration table when PRACH SCS is 60 kHz; or add additional entries to the PRACH configuration table, such that the PRACH time-domain resource with 60 kHz SCS for FR1 NR-U can be determined. Given the many required changes to support 60 kHz SCS for PRACH, and the fact that LBT design for PRACH [6] [7] is more important in achieving a faster NR-U PRACH transmission than the duration of PRACH itself, it is therefore preferred to support 30 kHz SCS for NR-U PRACH, and 60 kHz SCS can be deprioritized in this WI. Furthermore, the choice of 30 kHz SCS for NR-U PRACH can also enable a unified 30 kHz SCS for all downlink/uplink channels/signals for the standalone operation of NR-U in FR1.
Proposal 5: NR-U shall support 30 kHz SCS only for PRACH.
In NR Rel-15, both long preamble formats with sequence length of L = 839 (i.e., format 0/1/2 with 1.25 KHz SCS and format 3 with 5KHz SCS), and short preamble formats with sequence length of L = 139 (i.e., format A1/A2/A3/B1/B2/B3/B4/C0/C2 with SCS of 15 kHz or 30 kHz in FR1, and 60 kHz or 120 kHz in FR2) are supported. For NR-U, only short preamble formats are required to be supported, while the long preamble formats may not be essential to be supported. This is because NR-U mainly targets the small cell scenarios with a shorter coverage range, and short preamble formats such as A3/B4 can already support a maximum cell radius of at least 1.5 km with 30 kHz PRACH SCS. Therefore, NR-U can focus on supporting the short PRACH preamble formats only.
Proposal 6: NR-U shall support short PRACH preamble formats only.
With 30 kHz SCS and 12 continuous PRBs for a PRACH transmission, each FDMed RO could occupy more than 2MHz. Therefore, from UL resource efficiency point of view, it is sufficient to support PRACH to be FDM’ed only with other PRACH, and multiplexing PRACH and PUSCH/PUCCH in a TDM manner, at least within the initial active UL BWP. Since PRACH and PUSCH/PUCCH are separated in time domain, the resource allocation is much easier when different waveforms (continuous and interlaced) or different PRB-based interlace structures are applied for PRACH and PUSCH/PUCCH. Besides, the potential LBT blocking due to TA difference between FDM’d PUSCH/PUCCH and PRACH could be avoided.
Proposal 7: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.
5 Time and Frequency Enhancements for RACH Resources
1 
2 
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In RAN1 #94bis [2], several frequency-domain and time-domain potential NR-U RACH resource enhancements have been identified.





Among the identified enhancement options, time-domain enhancement option (d) and option (e) wherein multiple PRACH transmission and time domain grouping method can be utilized are the most general approaches in compensating the potential PRACH LBT failures for both contention-based and contention-free random access. By contrast, each of the remaining options would have certain constraints. Specifically, for the frequency-domain enhancement in [2], since it has already been agreed that the initial active UL BWP is (approximately) 20 MHz and that LBT will be performed in units of 20 MHz for NR-U, performing LBT on a per sub-band basis for NR-U PRACH will have minimal channel access benefit for initial access UEs. For the time-domain enhancement option (c), the RACH resources that can be utilized immediately following detection of a DRS are very limited or even unavailable, and UEs utilizing such RACH resources (if any) could be subject to high collision probability. In addition, the scheduled PRACH resources from time-domain enhancement option (a) and option (b) are also subject to LBT failure and therefore cannot be utilized when LBT fails, thus other enhancements such as scheduling multiple time-domain RACH resources would be necessary to increase the PRACH LBT success chance. Besides, using paging to configure the PRACH resource could be a huge resource waste as already noted in the agreement, this often causes the PRACH resource reserved in multiple cells and expected such UE could utilize only one of them. As a result, the time-domain enhancement option (d) and (e) can be the prioritized RACH enhancement options for NR-U, while the other enhancement options can be further studied to see any if benefits . More detailed discussion on the enhancements could be found in [8] and more related discussion on multiple PRACH transmissions could be found in [9].Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of PRACH resources via DCI. 
i. Triggered PRACH within TXOP can use a new resource
b. For idle mode UE, scheduling of PRACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Proposal 8: NR-U shall prioritize time-domain enhancement option (d) and (e) for PRACH.
6 Modification to PRACH Occasions for LBT 
Due to the LBT requirement for transmitting PRACH, the failure of PRACH LBT can cause significant delay to the overall RA procedure. As a result, enhancements to increase the transmission opportunities of Msg1 in 4-step RACH can be used to decrease the PRACH transmission delay. 
As an enhancement, NR-U can try to inherit the SSB-RO association design in the NR Rel-15, and add an associated LBT before each RO to enhance the transmit opportunities for Msg1. For example, NR Rel-15 supports configuring one or more than one SSB for each RO, and it may end up with multiple ROs, associated with the same SSB, not consecutive to each other in time domain. Then, if the LBT for an earlier RO fails, Msg1 still has opportunities to be transmitted in later configured ROs within the association period, subject to the LBT results of the later ROs. An example of this enhancement is illustrated in Figure 2. 
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Proposal 9: NR-U shall associate a LBT opportunity for each of the RACH occasions in order to alleviate the extra access delay due to LBT failure.
7 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: For 5 GHz unlicensed band, RAN1 shall recommend 30 kHz as the single SCS of SS/PBCH block for an unlicensed PCell.
· Send a LS to RAN4 to notify above recommendation from RAN1.
· Same proposal can be applicable to 6 GHz unlicensed band, if the minimum channel bandwidth is at least 20 MHz.
Proposal 2: Send a LS to RAN4 to ask the channel raster and synchronization raster designs for NR-U bands, based on the determined default SCS of SS/PBCH block. Proposal 3: For NR-U DRS,
· a UE assumes the periodicity of NR-U DRS transmission is the same as the periodicity of SS/PBCH block transmission;
· a UE assumes the configurations of Type0-PDCCH CSS within and outside a NR-U DRS window can be different.
Proposal 3: For NR-U DRS,
· a UE assumes the periodicity of NR-U DRS transmission is the same as the periodicity of SS/PBCH block transmission;
· a UE assumes the configurations of Type0-PDCCH CSS within and outside a NR-U DRS window can be different.
Proposal 4: NR-U shall support continuous-based waveform only for PRACH if OCB requirement can be met.
Proposal 5: NR-U shall support 30 kHz SCS only for PRACH.
Proposal 6: NR-U shall support short PRACH preamble formats only.
Proposal 7: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.
Proposal 8: NR-U shall prioritize time-domain enhancement option (d) and (e) for PRACH.
Proposal 9: NR-U shall associate a LBT opportunity for each of the RACH occasions in order to alleviate the extra access delay due to LBT failure.
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