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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK16]At the RAN #82 meeting, the new WI proposal on “NR-based Access to Unlicensed Spectrum” (NR-U) was approved [1]. This WI targets to specify NR enhancements for a single global solution framework operating in unlicensed bands, e.g., 5 GHz and 6 GHz. In the WID of NR-U, it describes about specifying support for DRS design, PRACH. During NR-U SI stage, some agreements have been reached and can be regarded as a starting point for NR-U WID. 
The following agreements about discovery reference signal DRS have been reached:
RAN1 #94bis meeting, agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission
The following agreement about random access have been reached:
RAN1 #94bis meeting, agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
· Frequency-domain enhancement
· Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Time-domain enhancements
· For connected mode UE, scheduling of PRACH resources via DCI. 
· Triggered PRACH within TXOP can use a new resource
· For idle mode UE, scheduling of PRACH resources via paging
· Note: potential inefficiency in network resource due to paging across multiple cells
· Additional, new RACH resources are used immediately following detection of DRS transmission
· Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
· Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· FFS: How to handle potential multiple RARs to same UE
· Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
In this contribution, we share our views on initial access signals and channels for NR-U, including DRS design and PRACH.
 DRS design
In the RAN1 #94bis meeting, it was agreed that the duration of the DRS transmission window is FFS. In LTE-LAA, the duration of the DRS transmission window is 5 ms, DRS periods are 40ms, 80ms and 160ms. NR supports that SS/PBCH block detection window is 5ms and periods are 5, 10, 20, 40, 80, and 160ms. Thus, NR-U can support same DRS transmission window and periods as DRS in LTE-LAA. 
In LTE-LAA, DRS duration is less than 1ms, e.g., occupy 12 symbols. In NR-U, SS/PBCH block pattern is different for different SCS, which may result in different duration of NR-U DRS for different SCS. e.g., for 15 kHz SCS, DRS duration may be 1ms and for 30 kHz SCS, DRS duration is 0.5ms. Wherein, the number of SS/PBCH within DRS duration is 2. Furthermore, for case of neighbor two SS/PBCH block with different beam direction, if different beam direction of SS/PBCH block is included in a DRS duration, then it is necessary to perform LBT before SS/PBCH with beam switch, which may cause channel loss to some extension. And in order to achieve no gap within DRS duration, the features of existing multiplex signals/channels such as RMSI CORESET, RMSI PDSCH, Paging, OSI and CSI-RS with SS/PBCH within DRS duration need also to be considered. Based on the above discussion, we think that the decision of NR-U DRS duration depends on some aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switch. Preferably, NR-U DRS duration is less than 1ms.
[bookmark: _Toc528934684][bookmark: _Toc528677255]Proposal 1: The duration of the transmitted DRS within the DRS transmission window is determined depend on some aspects such as the design of multiplexing signal/channel, subcarrier spacing of SS/PBCH block and whether to support beam switch.
Considering the uncertainty of channel availability due to LBT, SSB may not be able to be transmitted in time, which will result in large delay or inaccurate measurement or failure of initial access for UE. Thus, in order to increase SSB transmission opportunities, the following at least one of design principle can be considered: 1) Introduce SS/PBCH block transmission group with the same beam in the half frame window. 2) Design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beam in the half frame window. 3) Configure additional SS/PBCH block transmission opportunities in the half frame window. 4) Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set. 5) Configure double periodicities for SS/PBCH block burst set. More details for SSB signal design can be found in our company’s contributions [2].
Proposal 2: In order to enhance SSB transmission in NR-U carrier, the following at least one of design principle can be considered:
· Introduce SS/PBCH block transmission group with the same beam in the half frame window. 
· Design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beam in the half frame window. 
· Configure additional SS/PBCH block transmission opportunities in the half frame window. 
· Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set. 
· Configure double periodicities for SS/PBCH block burst set.
Furthermore, in order to meet OCB regulation requirements for SS/PBCH block, the following method can be considered: Alt-1: Repeat the SS/PBCH block transmission in frequency domain. Alt-2: SS/PBCH block and CSI-RS multiplexed in frequency domain.
Proposal 3: To meet OCB regulation requirements, the following method can be considered:
· Alt-1: Repeat the SS/PBCH transmission in frequency domain.
· Alt-2: SS/PBCH block and CSI-RS multiplexed in frequency domain.
In addition, due to the channel occupancy time (COT) with four symbols for each SSB that is similar to DRS in LTE-LAA, we think it could access the channel with the priority as defined in LTE-LAA, e.g., fast LBT such as Cat2 LBT with a fixed/short sensing interval. wherein, if LBT in LTE-LAA is directly reused for beam-based SS/PBCH block transmission, it will lead to inaccurate CCA detection problems, e.g., high interference detected on the omni-directional beam could block the SS/PBCH block transmission on narrow directional beam even if the SS/PBCH block transmission does not interfere with the transmission of the other nodes in other beam directions. 
Based on this, it is necessary to study directional LBT mechanism for directional SS/PBCH block transmission in order to improve the probability of channel access and the accuracy of CCA detection. More details on LBT for SSB transmission with beam can be referred to our company’s channel access contribution [3].
Proposal 4: SS/PBCH block should access an NR-U carrier with high priority, e.g., Cat 2 LBT with a fixed/short sensing interval.
Proposal 5: In order to improve the probability of channel access and the accuracy of CCA detection, it is necessary to study directional LBT mechanism for directional SS/PBCH block transmission.
 PRACH
In Rel-15, NR supports both long and short sequence RACH preambles. The length of long sequence is 839, while the length of short sequence is 139. SCS supported for long sequence are 1.25 kHz and 5 kHz; SCS supported for short sequence are 15 kHz and 30 kHz for below 6 GHz. For instance, assuming 20 MHz carrier bandwidth below 6GHz frequency band, the occupied bandwidth with 15 and 30 kHz SCS are 2.16 MHz and 4.32 MHz respectively, which obviously do not fulfill the ETSI OCB requirement as shown in Figure 1. 
[image: ]
Figure 1 An example of preamble’s OCB not satisfying regulatory requirement
Therefore, in order to meet the OCB requirement, the following enhancement methods should be considered: 
Alt-1: Repeat M times preamble in frequency domain, as shown in Figure 2. 
[bookmark: _GoBack]for example, assume that the bandwidth of channel is 20 MHz and SCS is 15 kHz, preamble in the frequency domain occupy 6 PRB and the starting position in the frequency domain configured by RRC, then UE can obtain preamble transmission pattern according to offset between preambles and repeat times M.





Figure 2 Repeat M times preamble in frequency domain
Alt-2: Larger subcarrier intervals of preamble, e.g., 60 kHz.
From the perspective of meeting OCB requirements, Alt-2 can be considered as a good candidate resolution. But 60 kHz and 120 kHz SCS for PRACH are not supported for FR1. If Alt-2 is supported, some enhancements in FR1 need to be considered, e.g., 60 kHz SCS is added in RRC signaling, add PRACH time-domain resource with 60 kHz SCS. More specification modification is needed. Therefore, larger subcarrier intervals scheme especially for 60 kHz SCS is not preferred in FR1.
[bookmark: _Toc520113627][bookmark: _Toc520130616]Alt-3: Interlace structure for RACH
[bookmark: OLE_LINK7]Considering compatibility with other UL signal waveform, block interleaved FDMA (B-IFDMA) can also be considered to satisfy the OCB requirement. However, the correlation properties of PRACH preamble using the B-IFDMA have some issues in timing estimation, because there are many false peaks in the correlation properties. In order to resolve this issue, some companies proposed other possible solutions such as sub-PRB block interlace scheme [4]. This structure especially for larger SCS is beneficial for better power utilization under PSD limit. However, given the same SCS and number of subcarriers in one interlace, the ICI issue for sub-PRB block interlace would be more serious than that for B-IFDMA structure. Besides, it may introduce great standard effort such as design new sub-PRB based resource allocation, new UL RS pattern in frequency domain, etc. 
Based on the above discussion, considering the significant impact on NR specification, we suggest that continuous waveform (e.g., repeat M times) scheme for NR-U PRACH can be considered to meet the OCB requirement.
Proposal 6: Considering the significant impact on NR specification, repeat M times preamble in frequency domain can be considered in order to meet the OCB requirement.

[bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0995] Conclusion 
In this contribution, we share our views on initial access signals and channels for NR-U. We have the following proposals:
Proposal 1: The duration of the transmitted DRS within the DRS transmission window, including SS/PBCH blocks and other multiplex signals/channels can be limited to 1 ms.
Proposal 2: In order to enhance SSB transmission in NR-U carrier, the following options can be considered:
· Alt-1: Introduce SS/PBCH block transmission group with the same beam in the half frame window. 
· Alt-2: Design new SS/PBCH block mapping patterns in order to introduce a gap between SS/PBCH blocks with different beam in the half frame window. 
· Alt-3: Increase additional SS/PBCH block transmission opportunities in the half frame window. 
· Alt-4: Configure additional SS/PBCH block transmission opportunities outside the half frame window in an SSB burst set. 
· Alt-5: Configure double periodicities for SS/PBCH block burst set.
Proposal 3: To meet OCB regulation requirements, the following method can be considered:
· Alt-1: Repeat the SS/PBCH transmission in frequency domain.
· Alt-2: SS/PBCH block and CSI-RS multiplexed in frequency domain.
Proposal 4: SS/PBCH block should access an NR-U carrier with high priority, e.g., Cat 2 LBT with a fixed/short sensing interval.
Proposal 5: In order to improve the probability of channel access and the accuracy of CCA detection, it is necessary to study directional LBT mechanism for directional SS/PBCH block transmission.
Proposal 6: Considering the significant impact on NR specification, repeat M times preamble in frequency domain can be considered in order to meet the OCB requirement.
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