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Introduction
[bookmark: _Ref494215420]This contribution discusses SS/PBCH block in NR unlicensed band from high level view.

Discussion
In this section, we discuss the necessity of DRS and the corresponding SS/PBCH block in NR unlicensed band, and then discuss the potential design of SS/PBCH block in NR unlicensed band.
Necessity of definition of DRS in NR unlicensed band
Like LTE LAA, the architecture of BS and UE with centralized control should be kept, because it is a straightforward method to reuse techniques in LTE LAA and centralized network is justified to provide gains over peer-to-peer network via control mechanisms, e.g. multiple user scheduling. Under the architecture of BS and UE, UE should maintain synchronization to BS and measure BS signal strength for mobility purpose, which can be called discovery functions. Thus, discovery signal, i.e. DRS, should be transmitted by BS. The robustness of DRS to provide discovery functions was proved in LTE LAA. Therefore, we support to define signals/channels similar to DRS in NR unlicensed band.
There is another problem that whether to define a set of signals/channels like DRS or just leave it to the SS/PBCH block and CSI-RS configuration.
For the latter method, thanks to flexibility of SS/PBCH block and CSI-RS defined in Rel-15 NR, these periodic signals/channels can be configured almost anywhere. However, if zero LBT (Listen-Before-Talk) or high-priority LBT is given to these periodic signals/channels, the flexibility may break the fairness in unlicensed band. So, for the latter, the flexibility of SS/PBCH block and CSI-RS should be restricted. The following table lists the potential solutions for configuration restriction for SS/PBCH block and CSI-RS to act as DRS in NR unlicensed band.
Table 1: Configuration restriction for SS/PBCH block and CSI-RS to act as DRS
	
	SS/PBCH block
	CSI-RS

	Non-standard-alone scenario
	Synchronization signals Measurement Timing Configuration (SMTC) is used like Discovery signals Measurement Timing Configuration (DMTC) defined in LTE LAA, and periodicity of measurement window is not less than a value, e.g. 40ms
	Periodic CSI-RS only occurs within SMTC

	Standard-alone scenario (Connected mode)
	Similar to non-standard-alone scenario
	Similar to non-standard-alone scenario

	Standard-alone scenario (Idle mode)
	Default SS-burst-set periodicity is not less than a value, e.g. 40ms
	Periodic CSI-RS is not present in initial access



From above table, it seems that the configuration restriction has almost the same result as DRS and DMTC. However, to keep specification clear and easily maintaining, we slightly prefer the former method, i.e. define a set of signals/channels like DRS.
Therefore, we support to define a set of signals/channels like DRS for NR unlicensed band.
Proposal 1: Definition of DRS (or a set of signals/channels with equivalent functions as DRS) should be studied in NR unlicensed band.

Necessity of SS/PBCH block in NR unlicensed band
For non-standard-alone scenario in NR unlicensed band, SS/PBCH block can be used for L3 measurement, L1 measurement (for beam management) and time-frequency tracking, where L3 measurement and time-frequency tracking can directly inherit functions of PSS/SSS/CRS in DRS defined in LTE LAA. 
For standard-alone scenario in NR unlicensed band, SS/PBCH block can be used for initial access (cell selection/reselection) additionally.
Table 2: Comparison of usages of SS/PBCH block 
	
	NR unlicensed band
	LTE LAA

	Non-standard-alone scenario
	L3 measurement, L1 measurement, time-frequency tracking 
	L3 measurement, L1 measurement, time-frequency tracking

	Standard-alone scenario
	Initial access, L3 measurement, L1 measurement, time-frequency tracking
	N.A.



In LTE LAA and LTE small cell on/off defined in Rel-12, DRS must contains PSS/SSS, because DRS has long periodicity and PSS/SSS can provide cell detection function to UE after long-term small-cell silence. Of course, in NR unlicensed band, SS/PBCH block should also provide this function to UE. This is true for both non-standard-alone and standard-alone scenarios.
Furthermore, in standard-alone scenario, initial access has to be done by SS/PBCH block.
It should be noted that, CSI-RS cannot provide cell detection function, or initial access function, or idle-mode L3 measurement function. That’s maybe why it is an optional RS for DRS. Also, in some companies view, periodic CSI-RS independent of DRS may be infeasible [1][2][3]. In our view, the optional periodic CSI-RS can be defined in DRS in NR unlicensed band, at least for purpose of CSI-RS based L3/L1 measurement.
As a conclusion, we have the following proposal. 
Proposal 2: SS/PBCH block should be studied in NR unlicensed band.

Potential design of SS/PBCH block in NR unlicensed band
We discuss the potential design of SS/PBCH block in NR unlicensed band 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 unlicensed band. 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 unlicensed band. 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 unlicensed band.
Inclusion of PSS/SSS/PBCH
SS/PBCH block in NR unlicensed band 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 unlicensed band.
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. 
Measurement performance of PSS/SSS/PBCH
Resource overhead of PSS/SSS/CRS in DRS in LTE LAA and PSS/SSS/PBCH-DMRS in an SS/PBCH block in NR is listed in the following table.
Table 3: Resource overhead of PSS/SSS/CRS in DRS in LTE LAA and PSS/SSS/PBCH-DMRS in an SS/PBCH block in NR 
	
	Within DRS in LTE LAA
	Within an SS/PBCH block NR

	PSS
	62 REs (sequence length)
	127 REs (sequence length)

	SSS
	62 REs (sequence length)
	127 REs (sequence length)

	CRS (single port, in 5MHz BW, i.e. 25 PRBs)
	200 REs
	N.A.

	PBCH DMRS
	N.A
	144 REs

	REs used by RSRP measurement
	200 REs (CRS)
	271 REs (SSS + PBCH DMRS)


Note: The reason of selection of CRS BW 5MHz is that CRS based measurement with 5MHz BW can achieve the acceptable accuracy in most cases in LTE “CRS reduction” study.
From above table, it can be observed that resource of PSS is larger in NR and resource used by RSRP measurement is comparable between NR and LTE LAA. In the sense, we suppose measurement performance of SS/PBCH block in NR unlicensed band may not be enhanced.

New characteristics of SS/PBCH block in NR unlicensed band
As mentioned in [1], SS/PBCH block in NR unlicensed band may be revisited due to difference between licensed and unlicensed band. In our view, it is necessary to take characteristics of NR unlicensed band 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 unlicensed band.
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 unlicensed band..
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 unlicensed band, DRS duration in NR unlicensed band 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 
· OFDM symbols with CRS may have no OCB issue, 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 unlicensed band, because
· optimization of SS/PBCH block may reduce “reserved” signals, and 
· each OFDM symbol of SS/PBCH block is localized in frequency-domain, which has OCB issue, and
· the forward compatibility of NR can keep standardization efforts acceptable. 
Minimum Channel Bandwidth
[bookmark: _GoBack]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 unlicensed band. 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 SS/PBCH block in NR unlicensed band
From above discussion, our view on SS/PBCH block in NR unlicensed band is summarized in the following table.
Table 4: Summary of our view on SS/PBCH block in NR unlicensed band 
	
	SS/PBCH block in NR unlicensed band

	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

	Measurement performance of PSS/SSS/PBCH
	Measurement performance of SS/PBCH block in NR unlicensed band may not be enhanced

	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 3: Design of SS/PBCH block may be revisited in NR unlicensed band.

Conclusion
In the contribution, we discuss the SS/PBCH block in NR unlicensed band, and raise the proposals as follows.
Proposal 1: Definition of DRS (or a set of signals/channels with equivalent functions as DRS) should be studied in NR unlicensed band.
Proposal 2: SS/PBCH block should be studied in NR unlicensed band.
Proposal 3: Design of SS/PBCH block may be revisited in NR unlicensed band.
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