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1. Introduction

In RAN1#92bis meeting [1], we made following agreements related to physical layer design of DL/UL signals and channels for NR unlicensed (NR-U) operation.

	Agreements:
· Study the design changes needed to support the following channels /signals in NR-U

· PDCCH/PDSCH

· PUCCH/PUSCH

· PSS/SSS/PBCH

· PRACH

· DL and UL reference signals applicable to the operational frequency range


In this contribution, we discuss physical layer design of SS/PBCH block and initial signal for NR-U operation.
2. SS/PBCH block
Frequency domain aspects
In NR, one SS/PBCH block is composed of consecutive 4 symbols in time domain and 12 or 20 PRBs in frequency domain. Thus, each SS/PBCH block occupies 3.6/7.2/14.4 MHz for 15/30/60 kHz sub-carrier spacing (SCS), respectively. According to regulatory requirement on occupied channel bandwidth (OCB), SS/PBCH block only transmission may not satisfy the requirement since we agreed that NR-U operating bandwidth is at least 20 MHz for sub-7 GHz when Wi-Fi does not coexist. Therefore, following candidates can be considered to meet the OCB requirement.

· Multiplexing of SS/PBCH block and RMSI (e.g., pattern 3 multiplexing in NR)
· Multiplexing of SS/PBCH block and OSI/paging (w/ or w/o DCI)
Besides, we may need to consider power boosting for SS/PBCH block depending on deployed cell coverage. While power boosting for SS/PBCH block could be realized by gNB implementation in licensed carrier, it would be hard to be implemented in unlicensed band since maximum power spectral density (PSD) is restricted per MHz by regulation. To cope with this limitation, additional candidate can be taken into account and it is noted that following option can also satisfy OCB regulation.
· Multi-cluster transmission of SS/PBCH block

Time domain aspects
As to time domain mapping for multiple SS/PBCH blocks in licensed carrier, several symbols between SS/PBCH blocks are blanked considering DL control or UL control transmission, as shown in Figure 1. However, for NR-U operation, it would be desirable to minimize timing gap between SS/PBCH blocks because LBT trials can be reduced and redundant transmission only to fill blank symbols can be avoided. Therefore, followings (or their combinations) can be considered for minimizing gap between SS/PBCH blocks.
· RMSI CORESET and/or PDSCH carrying RMSI transmission is transmitted between SS/PBCH blocks (e.g., pattern 1 multiplexing in NR)
· Extension of the number of symbols per SS/PBCH block (e.g., symbol#2/3/4/5/6/7 for SS/PBCH index#0 and symbol#8/9/10/11/12/13 for SS/PBCH index#1)

· Rearrangement of symbol location of SS/PBCH blocks (e.g., for 30 kHz SCS, symbol#2/3/4/5 for SS/PBCH index#0, symbol#6/7/8/9 for SS/PBCH index#1, symbol#10/11/12/13 for SS/PBCH index#2)
[image: image1.emf]#0

#0 #1

#

0

#

1

#

2

#

3

1 ms (subframe)

15 kHz

30 kHz

60 kHz

Slot index


Figure 1. SS/PBCH block transmission for NR in a subframe
Consideration on 60 kHz sub-carrier spacing
Since larger SCS can provide higher channel access probability due to finer granularity for starting position candidates, it seems beneficial to support 60 kHz SCS at least for data on sub-7 GHz as NR already supports it. If 60 kHz SCS is allowed for data transmission on sub-7 GHz, we may need to devise SS/PBCH block with 60 kHz SCS to align data numerology with SS/PBCH block numerology. In this case, the same principles can be applied as other numerologies, which implies that both of time and frequency characteristics are considered as stated above. For example, 4-symbol (or extended 7-symbol) SS/PBCH blocks are concatenated from the slot boundary.
Proposal #1: Study following candidates for designing SS/PBCH block with 15/30/60 kHz sub-carrier spacing for NR-U operation.

·  On frequency domain
·  Multiplexing of SS/PBCH block and RMSI

·  Multiplexing of SS/PBCH block and OSI/paging (w/ or w/o DCI)
·  Multi-cluster transmission of SS/PBCH block

·  On time domain
·  RMSI CORESET and/or PDSCH carrying RMSI transmission is transmitted between SS/PBCH blocks
·  Extension of the number of symbols per SS/PBCH block

·  Rearrangement of symbol location of SS/PBCH blocks
3. Initial signal
In [2], we discussed the potential necessities for introducing initial signal transmission per every transmission burst and they are summarized as follows.
· Transmission burst acquisition at least for data reception and CSI measurement

· Transmit beam recognition (if directional transmission/reception schemes are applied)

· Fine time/frequency tracking

· AGC gain setting

Based on above objectives of initial signal, basic structures of existing signals in NR may be reused for the purpose of initial signal. 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 #2: Consider following signals in NR as candidates for initial signal with potential modification from NR.

·  PSS/SSS
·  PBCH DM-RS
·  CSI-RS (for tracking)
·  PDCCH (wideband) DM-RS
4. Conclusion
In this contribution, we provided our views on physical layer design of SS/PBCH block and initial signal for NR-U operation, and proposals are as follows.
Proposal #1: Study following candidates for designing SS/PBCH block with 15/30/60 kHz sub-carrier spacing for NR-U operation.

·  On frequency domain
·  Multiplexing of SS/PBCH block and RMSI

·  Multiplexing of SS/PBCH block and OSI/paging (w/ or w/o DCI)
·  Multi-cluster transmission of SS/PBCH block

·  On time domain
·  RMSI CORESET and/or PDSCH carrying RMSI transmission is transmitted between SS/PBCH blocks
·  Extension of the number of symbols per SS/PBCH block

·  Rearrangement of symbol location of SS/PBCH blocks
Proposal #2: Consider following signals in NR as candidates for initial signal with potential modification from NR.

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