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1. Introduction

The following agreements were made on the deployment scenarios for NR-based access to unlicensed spectrum in the RAN1 #92 meeting [1]:
Agreement:
Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· [bookmark: _Hlk500847868]Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
The following agreements were made on physical layer channel design for NR unlicensed in the RAN1 #92b meeting [2]:
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
Based on these agreements, we discuss design considerations for SS/PBCH block (SSB) in NR-U. 

2. Discussion

In LTE, LAA, the PSS and SSS signals are sent on the unlicensed SCell as part of the Discovery Reference Signal (DRS). In NR, besides the carrier aggregation deployment, Dual connectivity (DC) deployment and stand-alone (SA) deployment are also considered as the candidate deployments in which the UE requires to perform synchronization with the PSCell in the SCG or the unlicensed PCell respectively. So, synchronization signal is desirable to be supported on the NR-U cell. The existing SS/PBCH block design in NR may be leveraged in NR-U. Depending on the type of deployment, the SS/PBCH blocks may be transmitted in the form of DRS or SS burst.
Proposal 1: NR-U should study the requirements for SS/PBCH design in the different deployment scenarios.
2.1 LBT category for SSB/DRS 
In LAA, discovery reference signal is (DRS) introduced in release 12 to support small-cell on/off. The DRS contains the PSS and SSS which can be transmitted after LBT without backoff, e.g., 25  LBT is performed access the channel with MCOT of 1 ms with the periodicity 40/80/160 ms. 
For other signals, contention windows based LBT is applied. The eNB first need to execute a defer-period which lasts 25 . Then the eNB performs a random backoff procedure where the backoff timer is initialized with a random number, drawn from a uniform distribution [0, CW]. The value of CW depends on the priority class as shown in Table 1.

[bookmark: _Ref513664645]Table 1 Channel Access Priority Class in LAA

	Channel Access Priority Class 
(P)
	
CWmin,p
	
CWmax,p
	
Tmcot,p
	
Allowed CWp sizes

	1
	3
	7
	2 ms
	{3, 7}

	2
	7
	15
	3 ms
	{7, 15}

	3
	15
	63
	8 or 10 ms
	{15, 31, 63}

	4
	15
	1023
	8 or 10 ms
	{15, 31, 63, 127, 255, 511, 1023}




[bookmark: _GoBack]The higher the burst priority, the smaller is the range of the backoff timer. When the eNB performs the backoff procedure with a small timer, it will have a higher possibility to access the channel. With the higher possibility to be transmitted, a tradeoff for the burst with higher channel access priority is the maximum channel occupation time (MCOT) is limited. So very high priority signals may get immediate access to the channel but for a short duration. 
In NR-U, depending on the numerology, number of beams and frequency range the SS burst may occupy more than 1 ms. If very high priority channel access is required, NR-U should study the impact of the MCOT constraints on the transmission of the SSBs.
Proposal 2: NR-U should study the channel access priority for synchronization signals in different deployment scenarios.
2.2 SS burst transmission in NR-U

In NR, SS/PBCH blocks are transmitted in an SS burst in the configured locations at certain periodicity. NR-U may leverage the SS/PBCH block and SS burst design in NR to the possible extent. In NR-U, a gNB needs to perform LBT to get the channel access to transmit the SS/PBCH block. 
NR-U may transmit the SS burst at a certain periodicity as it is done in NR. But NR-U gNB will transmit only the SS/PBCH blocks for which it has channel access, i.e. the channel is available in the direction of transmission of the beam carrying these SS/PBCH blocks. If the gNB doesn’t have the access to the channel in a given direction, it will not transmit the SS/PBCH block during its period as shown in Figure 1. In the figure, the channel for SS/PBCH blocks 2 and 3 are not available in the first SS burst transmission occasion. So, the gNB only transmits the SS/PBCH blocks 0 and 1. In the next SS burst transmission occasion, e.g., 20 ms later, the gNB only transmits the SS/PBCH blocks 2 and 3 because the channels for SS/PBCH block 0 and 1 are not available. It should be noted that these un-transmitted SS/PBCH block will cause problem to the UE for SSB detection.



[bookmark: _Ref513753775]Figure 1 SS burst transmission with channel access for part of the beams.

In LAA, DRS can be transmitted within a time window called the DRS measurement timing configuration (DMTC). To compensate for potential DRS transmission blocking due to failure of LBT and to increase the probability of successful DRS transmission, the network is allowed to attempt DRS transmission in any subframe within the DMTC occasion. 
NR-U may consider an approach similar to DRS transmission in LAA where the SS/PBCH blocks are transmitted within a timing window and the UE may monitor the whole window to receive the SS/PBCH blocks. A burst of SS/PBCH blocks may be transmitted within a timing window, as shown in Figure 2. The gNB will transmit the SS/PBCH blocks if the channel is available at certain location as it is defined. If the channel is not available, the gNB will make multiple attempts to transmit the SS/PBCH blocks within the time window.  


[bookmark: _Ref494707373]Figure 2 SS burst transmission within a time window 

However, in this approach, the UE does not know the frame boundary as the location of the SS/PBCH block is variable within the window. Further study is needed to indicate the frame boundary to the UE.  
Proposal: 3 NR-U should study the different synchronization signal transmission schemes for each deployment scenario. 

3. Conclusion

In this contribution, we discussed the SSB design considerations, and we have the following observations and proposals.
Proposal 1: NR-U should study the requirements for SS/PBCH design in the different deployment scenarios.
Proposal 2: NR-U should study the channel access priority for synchronization signals in different deployment scenarios.
Proposal: 3 NR-U should study the different synchronization signal transmission schemes for each deployment scenario. 
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