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Introduction
[bookmark: _Ref494215420]This contribution discusses SS/PBCH block in NR-U operation from high level view. This contribution is revised from R1-1801839.

Discussion
In this section, we discuss the necessity of DRS and the corresponding SS/PBCH block in NR-U operation, and then discuss the potential design of SS/PBCH block in NR-U operation.

Characteristics of SS/PBCH block in NR-U operation
We discuss the characteristics of SS/PBCH block in NR-U operation in this section.
Inherit characteristics of SS/PBCH block of Rel-15 NR for licensed band
SS/PBCH block defined in Rel-15 NR for licensed band should be the starting point of design of SS/PBCH block in NR-U operation. In fact, we should keep some characteristics of SS/PBCH block in Rel-15 NR. These characteristics are discussed as follows.
Beam sweeping
To achieve beamforming gain and guarantee coverage, beam sweeping of SS/PBCH block may be supported in NR-U operation. In our view, the number of SS/PBCH blocks in a round of beam sweeping may be comparable to that defined in Rel-15 NR, because it is possible that there are large number of beams in some deployment scenarios, and supporting sufficient number of beams of SS/PBCH block has benefit for forward compatibility.
Beam management
In Rel-15 NR, beam management can be partially based on SS/PBCH block. SS/PBCH block serves like signals for “sector” and provides mainly coverage-like beam. It should be noted that Sector Level Sweeping (SLS) is already defined for beam training in 802.11ad [4], which reflects the coarse beam training is necessary for beam training in unlicensed band. Therefore, in our view, SS/PBCH block can be used in beam management in NR-U operation.
Inclusion of PSS/SSS/PBCH
SS/PBCH block in NR-U operation should include PSS/SSS/PBCH. PSS/SSS is mandatory for discovery function that have supported in LTE LAA. For stand-alone scenario, PBCH is also necessary to deliver MIB (Master Information Block). For non-stand-alone scenario, PBCH (at least PBCH DMRS) is necessary to convey timing information, e.g. SS/PBCH time index. Thus, PBCH (at least PBCH DMRS) should be included in “SS/PBCH block” for NR-U operation.
Association with common search space
For stand-alone scenario, common search space, e.g. for RMSI, paging, MSG2/4 transmission, should be supported, and by default these types of common search space should associate with SS/PBCH block for UE determining the monitor window of common search space. 

New characteristics of SS/PBCH block in NR-U operation
As mentioned in [1], SS/PBCH block in NR-U operation may be revisited due to difference between licensed and unlicensed band. In our view, it is necessary to take characteristics of NR-U operation into account. These characteristics are discussed as follows.
LBT
It is noted that beam sweeping procedure may make LBT complicated. If BS just performs one LBT before a round of beam sweeping, the device not hearing one beam may transmit signals within duration of beam sweeping, which will cause interference. Oppositely, if BS always performs LBT before each beam transmission within a round of beam sweeping, some of beams may be blocked. Therefore, how to handle LBT with respect to beam sweeping should be addressed in NR-U operation.
On the other hand, high-priority LBT defined for DRS in LTE LAA can be reused to leverage priority of beam sweeping of SS/PBCH block in NR-U operation.
MCOT (Maximum Channel Occupancy Time)
In LTE LAA, DRS duration is within 1ms, maybe due to high-priority LBT of DRS. Because high-priority LBT for DRS may be supported in NR-U operation, DRS duration in NR-U operation should be limited in order to keep fairness. Correspondingly, duration of SS-burst-set needs further study.
Occupied Channel Bandwidth (OCB)
In [5], OCB in ETSI is defined as:
The bandwidth containing 99% of the power of the signal and it shall be between 80% and 100% of the declared Nominal Channel Bandwidth (The Nominal Channel Bandwidth is the widest band of frequencies, inclusive of guard bands, assigned to a single channel).
For DL transmission, in our understanding, OCB was not addressed in DRS design in LTE LAA, because 
· BS can send “reserved” signals to occupy channels when OCB requirement is not met, which is up to BS implementation, and 
· DRS in LTE LAA is evolved from DRS defined in Rel-12 LTE, and reusing DRS defined in Rel-12 LTE can reduce standardization efforts.
However, OCB issue for SS/PBCH block should be considered in NR-U operation, because
· optimization of SS/PBCH block may reduce “reserved” signals, and 
· the forward compatibility of NR can keep standardization efforts acceptable. 
Minimum Channel Bandwidth
Frequency domain resource of SS/PBCH block of Rel-15 NR is related to the minimum channel bandwidth [6], where bandwidth-limited spectrum was taken into account, such as 5MHz. However, this bandwidth limitation may not be present in NR-U operation. In 5GHz unlicensed spectrum (from [7] [8], 5GHz unlicensed spectrum should be prioritized), the channel bandwidth is in set of {20, 40, 80, 160}MHz in 802.11n/ac/ax specification. It was also proposed in [9] that the current channelization of unlicensed spectrum in the IEEE specifications should be considered. Thus, the minimum channel bandwidth in 5GHz unlicensed spectrum could be 20MHz, which provide possibility to revisit design of SS/PBCH block.

Summary of characteristics of SS/PBCH block in NR-U operation
From above discussion, our view on SS/PBCH block in NR-U operation is summarized in the following table.
Table 4: Summary of our view on SS/PBCH block in NR-U operation 
	
	SS/PBCH block in NR-U operation

	Beam sweeping
	Support and reuse Rel-15 NR as much as possible

	Beam management
	Support and reuse Rel-15 NR as much as possible

	Inclusion of PSS/SSS/PBCH
	Support and reuse Rel-15 NR as much as possible (at least PSS, SSS and PBCH DMRS)

	Association with common search space
	Support and reuse Rel-15 NR as much as possible

	LBT
	How to handle LBT with respect to beam sweeping should be addressed

	MCOT
	Duration of SS-burst-set needs further study

	OCB
	OCB issue should be considered for SS/PBCH block

	Minimum Channel Bandwidth
	Minimum Channel Bandwidth should be considered for SS/PBCH block


From above table, we have the following proposal.
Proposal 1: Design of SS/PBCH block may be revisited in NR-U operation.

Summary of views on SS/PBCH block in contributions of RAN1#92 meeting
We tried to summarize views on SS/PBCH block or DRS from some companies in RAN1#92 meeting as follows:
· To achieve OCB requirement and power boosting under assumption that maximum PSD is restricted, bandwidth of SS/PBCH block should be enlarged. There could be several ways to enlarge bandwidth, e.g.
· Using higher subcarrier spacing [10] [11];
· FDM between SS/PBCH block and CSI-RS [11];
· FDM between SS/PBCH block and RMSI [12];
· Multiple SS/PBCH blocks in frequency domain [10]; 
· To reduce LBT overhead of the control signaling, some solutions are proposed, e.g.
· Consecutive transmission of SS, PRACH, paging information and Msg2/3/4 [13];
· DRS consists at least of SS/PBCH Block(s), SIB1 carried by PDSCH, and (Optionally) CSI-RS resources for the purpose of RRM measurements and RLM [14];
· Transmission block comprising both SS/PBCH block and RMSI [11];
· For purpose of increasing opportunity of SS/PBCH block transmission, it is preferred using the following ways, e.g.
· High-priority LBT, like that in LTE-LAA;
· Additional opportunities for SS/PBCH block transmission [12];
· Minimization of timing gap between SS/PBCH blocks [10];
· Cycled SS/PBCH block transmission [10];
· Hierarchical multi-stage LBT and SS/PBCH transmission [15];

Design principle for SS/PBCH block or DRS in NR-U operation
It can be observed that the some design principles of SS/PBCH block are coupled, e.g. if 60kHz subcarrier spacing is used, bandwidth of SS/PBCH block is 14.4MHz, which takes 72% bandwidth of channel of 20MHz bandwidth, and FDM between SS/PBCH block and other signal/channel is hard to be achieved. To identify the design principles of SS/PBCH block or DRS, we list some key open issues for SS/PBCH block or DRS in NR-U operation.
Bandwidth of SS/PBCH block or DRS
There could be at least three options to meet OCB requirement:
· Option 1: Using higher subcarrier spacing, e.g. 60kHz for sub-7GHz;
· Option 2: FDM between SS/PBCH block and other signal/channel, e.g. CSI-RS/RMSI;
· Option 3: Multiple SS/PBCH blocks in frequency domain;
As we have mentioned, Option 1 may conflict with Option 2. Also, Option 1 may also conflict with Option 2, since channel of 20MHz bandwidth cannot accommodate two SS/PBCH blocks with 60kHz subcarrier spacing in frequency domain. It should be noted that, there are only 72% bandwidth occupied, which does not meet OCB requirement.
For Option 2, if CSI-RS/RMSI has larger periodicity than SS/PBCH, the reserved signal may be necessary to meet OCB requirement.
For Option 3, one-shot detection of SS/PBCH block may achieve the expected performance considering that NR-U operation is always for small cell deployment. The resource overhead of multiple SS/PBCH blocks in frequency domain should be considered.

LBT of SS/PBCH block or DRS w.r.t. beam sweeping
There could be at least two understandings of LBT of SS/PBCH block or DRS:
· Understanding 1: Perform LBT before each beam;
· Understanding 2: Perform LBT just before beam sweeping;
For Understanding 1, in our view, it is too critical for directional LBT in NR-U operation. In NR-U operation, SS/PBCH block or DRS may be the only “always-on” signal [14] or periodic DL signal, which is important for beam management, RRM/RLM, and even initial access. If one beam of SS/PBCH blocks miss the opportunity of transmission, UE in the coverage of the beam (sector) may lose the information of the beam, which cause coverage problem.
For Understanding 2, it is easier to design a complete procedure of beam training of SS/PBCH blocks than Understanding 1. In our view, this type of procedure has been used in 802.11ad [4] as solution of periodic beam training. Furthermore, from perspective of BS implementation, BS performs an omni-directional LBT before beam sweeping of SS/PBCH blocks, and begins beam sweeping after occupying channel, and then complete beam sweeping within MCOT. This procedure does not violate the regulatory requirement, such as LBT and MCOT. For ease of design of SS/PBCH block, we propose that:
Proposal 2: At least, performing LBT just before beam sweeping for SS/PBCH blocks or DRS transmission is supported in NR-U operation.

Duration of SS/PBCH blocks or DRS w.r.t. beam sweeping
Duration of DRS in LTE-LAA is 12 OFDM symbols. Although one SS/PBCH block in NR licensed band is just 4 OFDM symbols, the overall duration of SS/PBCH blocks in a round of beam sweeping (i.e. within an “SS burst set”) will be up to 4 ms. From perspective of MCOT, it seems not critical to optimize the duration. However, considering LBT and DMTC additionally, if BS sense the channel free in late time, BS will not transmit all SS/PBCH blocks due to 6ms window length of DMTC. Therefore, it is preferred to reduce duration of SS/PBCH blocks w.r.t. beam sweeping. There could be at least two options to reduce duration of SS/PBCH blocks w.r.t. beam sweeping:
· Option 1: Using higher subcarrier spacing, e.g. 60kHz for sub-7GHz;
· Option 2: Minimize timing gap between SS/PBCH blocks, e.g. consecutive transmission of SS/PBCH blocks in a round of beam sweeping;
For Option 1, taking example of using 60kHz for sub-7GHz, 12 OFDM symbols duration in LTE-LAA is equal to 48 OFDM symbols duration. With soma relaxation, the duration could be 56 OFDM symbols, which occupies 4 slots. Fortunately, it just provides 8 beams if each SS/PBCH block occupies 4 OFDM symbols like NR licensed band. From perspective of maximum number of beams, it is sufficient.
For Option 2, taking example of using 30kHz for sub-7GHz, 12 OFDM symbols duration in LTE-LAA is equal to 24 OFDM symbols duration. If SS/PBCH blocks are transmitted consecutively, it will provide 6 beams if each SS/PBCH block occupies 4 OFDM symbols like NR licensed band. From perspective of maximum number of beams, it is a little insufficient. 
It should be noted that consecutive transmission of SS/PBCH blocks will meet the longer CP issue, i.e. UE needs to identify whether SSS/PBCH symbols have the longer CP before detecting them. In fact, this issue may be present in case of multiple SS/PBCH block time location.

Multiplexing SS/PBCH block and other signal/channel
It is almost the common understanding that SS/PBCH block should multiplex with other signal/channel, e.g. CSI-RS or RMSI or the default common search space, and share the same LBT procedure. The multiplexing can offer the reduction of LBT overhead and keep the periodical transmission minimum. There could be at least two options for multiplexing:
· Option 1: FDM between SS/PBCH block and other signal/channel;
· Option 2: TDM between SS/PBCH block and other signal/channel;
For Option 1, it seems suitable for lower subcarrier spacing, e.g. 30kHz for sub-7GHz, where there is sufficient bandwidth left. The problem is that the other signal/channel should have the same periodicity with SS/PBCH block. It seems somewhat restrictive. It may feasible for CSI-RS and RMSI, but not so feasible for paging, MSG2/4 which is transmitted occasionally although is monitored periodically.
For Option 2, it seems suitable for higher subcarrier spacing, e.g. 60kHz for sub-7GHz, where there is no sufficient bandwidth left. Similarly, the problem is that the other signal/channel should have the same periodicity with SS/PBCH block. 

Summary of design principle
As the summary, we have the following proposal on the design principle of SS/PBCH block:
Proposal 3: The design principle of SS/PBCH block in NR-U operation should consider the following points:
· Bandwidth of SS/PBCH block or DRS;
· LBT of SS/PBCH block or DRS w.r.t. beam sweeping;
· Duration of SS/PBCH blocks or DRS w.r.t. beam sweeping;
· Multiplexing SS/PBCH block and other signal/channel.

Conclusion
In the contribution, we discuss the SS/PBCH block in NR-U operation, and raise the proposals as follows.
Proposal 1: Design of SS/PBCH block may be revisited in NR-U operation.
Proposal 2: At least, performing LBT just before beam sweeping for SS/PBCH blocks or DRS transmission is supported in NR-U operation.
Proposal 3: The design principle of SS/PBCH block in NR-U operation should consider the following points:
· Bandwidth of SS/PBCH block or DRS;
· LBT of SS/PBCH block or DRS w.r.t. beam sweeping;
· Duration of SS/PBCH blocks or DRS w.r.t. beam sweeping;
· Multiplexing SS/PBCH block and other signal/channel.
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