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1. Introduction

In RAN1#93 and RAN1#94 meetings [1]-[2], we made following agreements related to physical layer design of DL signals and channels for NR unlicensed (NR-U) operation.

	Agreement:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 

· UE power saving

· Improved coexistence

· Spatial reuse at least within the same operator network 

· Serving cell transmission burst acquisition

· FFS: further usage scenarios

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.


In this contribution, we discuss sub-carrier spacing (SCS) for DL signals/channels and physical layer design of NR-U DRS including SS/PBCH block and RMSI, and initial signal for NR-U operation.
2. Sub-carrier spacing for DL signals/channels
In RAN1#94 meeting, it was discussed whether or not to support 60 kHz SCS for SS/PBCH block. In RAN#81 meeting [3], 60 kHz SCS for data channel for FR1 was decided as an optional UE feature. Furthermore, from evaluation results in [4]-[5], it can be observed that system performance gain obtained by supporting 60 kHz SCS for data is marginal, compared to the performance in case of 30 kHz SCS for data. Therefore, we need to carefully investigate the benefit of 60 kHz SCS not only for data but also for SS/PBCH block.
Proposal #1: Prioritize 15 kHz and 30 kHz sub-carrier spacings for DL signals/channels over 60 kHz sub-carrier spacing and discuss the necessity of 60 kHz sub-carrier spacing for SS/PBCH block if 60 kHz sub-carrier spacing for data is identified as beneficial.
3. NR-U DRS
In RAN1#94 meeting, it was agreed that the transmission of SS/PBCH burst set and RMSI (including a PDSCH carrying RMSI and PDCCH scheduling the PDSCH) within one contiguous burst has various benefits and the burst is called as NR-U DRS. Therefore, in this section, we discuss SS/PBCH block transmission especially for compacting SS/PBCH burst set transmission in time domain to perform fast channel access and also discuss how to multiplex a SS/PBCH block and RMSI associated with the SS/PBCH block.
3.1. SS/PBCH block
In NR, one SS/PBCH block is composed of consecutive 4 symbols in time domain and 12 or 20 PRBs in frequency domain. In order to adopt fast channel access (e.g., one-shot LBT) for SS/PBCH block transmission, we need to aim at minimizing the time duration for SS/PBCH burst set transmission. In LAA, the duration for DRS only transmission is restricted up to 1 msec and 25 usec one-shot LBT is allowed. However, in NR, since the allowed maximum number of SS/PBCH blocks is defined as 8 for the frequency range from 3 GHz to 6 GHz, the time span of a SS/PBCH block burst set can be up to 4 msec or 2 msec for 15 kHz or 30 kHz SCS, respectively, if all SS/PBCH blocks are consecutively transmitted. Therefore, it can be considered to reduce the allowed maximum number of SS/PBCH blocks to 2 or 4 for 15 kHz or 30 kHz SCS, respectively, which enables the maximum time span for a SS/PBCH burst set to be equal to or less than 1 msec. Furthermore, the smaller the number of transmitted SS/PBCH blocks is, the more opportunity can be provided for deferred SS/PBCH block transmission (due to LBT failure, as illustrated in our companion contribution [6]) within a window with limited length (e.g., 6 msec window for SMTC).
Proposal #2: Reducing the allowed maximum number (e.g., 2 for 15 kHz SCS and 4 for 30 kHz SCS) of SS/PBCH blocks in NR-U DRS has the benefit for facilitating fast channel access procedure (e.g., one-shot LBT) for NR-U DRS transmission.
3.2. RMSI
In RAN1#94 meeting, it was discussed whether pattern 1 for multiplexing of RMSI CORESET and SS/PBCH block and mapping type A for PDSCH carrying RMSI can provide proper configuration for NR-U operation. From our understanding, at least following aspects should be considered to determine whether or not pattern 1 for NR can be the baseline for multiplexing of SS/PBCH block and corresponding RMSI CORESET.
· PDCCH (scheduling PDSCH carrying RMSI) monitoring occasions associated with one SS/PBCH block are configured with two consecutive slots ( If the PDCCH is transmitted in the second configured slot, corresponding PDSCH and SS/PBCH block in the slot may not be transmitted within the same slot if they are not QCL-ed.

· If two RMSI CORESETs can be configured within a slot, the symbol position of the second RMSI CORESET is next to the last symbol of the first RMSI CORESET. ( If each RMSI CORESET is configured with two OFDM symbols, the starting symbol position of the second RMSI CORESET is third OFDM symbol, which can be overlapped with the first SS/PBCH block in the same slot.
Observation #1: Pattern 1 for multiplexing of RMSI CORESET and SS/PBCH block in NR may not be suitable for NR-U operation, considering the configuration for RMSI PDCCH monitoring occasions and the support for 2-symbol RMSI CORESET configuration.

According to the above observation, besides from NR pattern 1, we suggest some principles of SS/PBCH block and RMSI multiplexing for NR-U operation. Firstly, a SS/PBCH block and RMSI CORESET associated with the SS/PBCH block should be TDMed. This would be desirable for NR-U operation since several blank symbols between SS/PBCH blocks can be filled with RMSI PDCCH. Secondly, the basic unit for the transmission including a SS/PBCH block and RMSI associated with the SS/PBCH block should be one slot or half-slot. This would be advantageous for simple transceiver behaviour since one basic unit can be simply dropped or deferred if LBT fails. Thirdly, it would be better to have multiple candidate positions for RMSI CORESET to provide more opportunities for RMSI PDCCH transmission considering its LBT failure.
Based on above principles, we propose an example on the method for multiplexing between SS/PBCH block and RMSI, as shown in Figure 1. In detail, SSB#n and RMSI CORESET#n associated with SSB#n (also SSB#n+1 and RMSI CORESET#n+1 associated with SSB#n+1) are located within the same half-slot, and there are two candidate positions (i.e., symbol 0 or 1 for RMSI CORESET#n and symbol 7 or 8 for RMSI CORESET#n+1). In this case, even if LBT fails at symbol 0 boundary, gNB can try LBT again before symbol 1 boundary and can start transmitting SSB and associated RMSI in the slot if CAP succeeds before symbol 1 boundary. Alternatively, 2-symbol RMSI CORESET can be configured from symbol 0 or 7.
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Figure 1. Example of SSB transmission with RMSI

Proposal #3: Design SS/PBCH block and associated RMSI multiplexing for NR-U operation, with following principles.
· TDM between a SS/PBCH block and RMSI CORESET associated with the SS/PBCH block

· Basic unit for the transmission including a SS/PBCH block and RMSI associated with the SS/PBCH block as one slot or half-slot
· Provisioning multiple candidate positions for an RMSI CORESET
4. Initial signal
In RAN1#93 meeting, it was agreed that using a signal which facilitates its detection with low complexity can be beneficial for some scenarios or use cases such as UE power saving, improved coexistence, spatial reuse enhancement, and serving cell transmission burst acquisition. For the convenience, we call the signal as initial signal. In our opinion, among 4 scenarios or use cases captured in the agreement, at least serving cell transmission burst acquisition should be considered for initial signal design, since gNB needs to transmit the initial signal every transmission burst at least to inform associated UEs that wireless medium is occupied by the gNB. Compared to LAA UE that normally determines the presence or absence of the current DL subframe by using CRS port 0/1 detection, NR UE cannot expect CRS-like signal for transmission burst acquisition. It is noted that transmission burst acquisition is essential not only for scheduled UE to receive DL data but also for not scheduled UE at least to perform CSI measurement. Additionally, the initial signal also can be utilized for fine time/frequency tracking, AGC gain setting, or indicating occupied channel structure in frequency domain (as illustrated in our companion contribution [7]).
In RAN1#94 meeting, existing NR signal(s) with potential enhancements and Wi-Fi 802.11a preamble were discussed as candidates for initial signal. However, it seems undesirable that NR-U can be operated with a signal relying on other standardization. With this regards, initial signal should be based on existing signals in NR. Possible candidates can be PSS/SSS, PBCH DM-RS, CSI-RS (for tracking), and PDCCH (wideband) DM-RS. It should be noted that these signals for NR can be modified considering multiple starting position candidates, tracking performance, and so on.
Proposal #4: For a signal that facilitates its detection with low complexity, consider following signals in NR as candidates for the signal with potential modification from NR.

·  PSS/SSS
·  PBCH DM-RS
·  CSI-RS (for tracking)
·  PDCCH (wideband) DM-RS
5. Conclusion
In this contribution, we provided our views on SCS for DL signals/channels and physical layer design of NR-U DRS including SS/PBCH block and RMSI, and initial signal for NR-U operation, and observation and proposals are as follows.
Proposal #1: Prioritize 15 kHz and 30 kHz sub-carrier spacings for DL signals/channels over 60 kHz sub-carrier spacing and discuss the necessity of 60 kHz sub-carrier spacing for SS/PBCH block if 60 kHz sub-carrier spacing for data is identified as beneficial.
Proposal #2: Reducing the allowed maximum number (e.g., 2 for 15 kHz SCS and 4 for 30 kHz SCS) of SS/PBCH blocks in NR-U DRS has the benefit for facilitating fast channel access procedure (e.g., one-shot LBT) for NR-U DRS transmission.
Observation #1: Pattern 1 for multiplexing of RMSI CORESET and SS/PBCH block in NR may not be suitable for NR-U operation, considering the configuration for RMSI PDCCH monitoring occasions and the support for 2-symbol RMSI CORESET configuration.

Proposal #3: Design SS/PBCH block and associated RMSI multiplexing for NR-U operation, with following principles.

· TDM between a SS/PBCH block and RMSI CORESET associated with the SS/PBCH block

· Basic unit for the transmission including a SS/PBCH block and RMSI associated with the SS/PBCH block as one slot or half-slot
· Provisioning multiple candidate positions for an RMSI CORESET
Proposal #4: For a signal that facilitates its detection with low complexity, consider following signals in NR as candidates for the signal with potential modification from NR.

·  PSS/SSS
·  PBCH DM-RS
·  CSI-RS (for tracking)
·  PDCCH (wideband) DM-RS
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