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Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the RAN1#92b meeting, some details on NR-based access to unlicensed spectrum (NR-U) were discussed. Several agreements related to frame structure, potential physical layer channel design and potential physical layer procedures for non-standalone and/or standalone mode NR-U operation are shown as following with some details need further consideration [1]:
Agreement:
· [bookmark: _Hlk500847837]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
Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
In this contribution, we discuss the issues about SS/PBCH block (SSB) design and transmission for initial access in NR-U. This contribution is partly revised from R1-1804242.
Discussion on SSB design of and transmission in NR-U 
As mentioned in recent meetings, study items on NR-U include physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and should avoid unnecessary divergence with decisions made in the NR WI. So, with respect to channel characteristics and deployment scenarios in NR-U, the view that beam based data transmission should be adopted with necessary modification and enhancement for NR-U is shared by most companies[1]. Naturally, beam sweeping based initial access to NR-U should be used, considering severe attenuation and acceptable interference in much higher operating bands and much larger bandwidths of NR-U compared with NR, LTE and LTE based LAA. As defined in LTE LAA, PSS/SSS signal are supported for discovery function. No matter for stand-alone scenario or non-stand-alone scenario, PBCH carrying main system information and timing information are necessary for initial access. So, the structure of SSB with PSS/SSS/PBCH in NR should be supported and reused to a great extent as the baseline of SSB design in NR-U for forward compatibility. Further, beam management partially based on SSB also could be reused.
Different from SSB transmission in NR, a clear channel assessment (CCA) based on energy detection (ED) is mandatory before obtaining access to the channel. For the beam sweeping based initial access in NR-U, the most important issue seems to lie in the impact of LBT regulation on SSB transmission, although other regulatory requirements such as MCOT and OCB also should be studied jointly. Due to LBT failure, the uncertainty of SSB transmission occasion for initial access is introduced in NR-U. So, the first principle for SSB design is shortening the time and increasing opportunity for SSB transmission. In general, several methods to compact the duration of SSB transmission could be considered as following:
-Reducing the number of SSB OFDM symbols
-Multiplexing PSS/SSS/PBCH signals in frequency domain
-Redesigning SSB arrangement pattern to optimize SSB location and reduce timing gap 
-Using high-priority LBT similar to that in LTE-LAA
To meet the LBT requirement, gNB should perform channel sensing prior to the transmission of each beam during initial access procedure, or perform a single sensing before a round of beam sweeping. In the case of sensing for each beam, much more time is needed to perform sensing completely and certain beams may be blocked due to LBT busy, while for sensing only before a round of sweeping, although additional signalling overhead can be saved, interference seems to be inevitable. Obviously, compromising between system performance and cost may be a reasonable solution. Similar to directional sweeping beam, beam based directional sensing could be considered to depress sensing overhead and meet the LBT requirement together. So, no matter performing channel sensing for each beam or performing a single sensing before a round of sweeping, gNB could prepare to start initial access procedure even target channel is occupied in few direction which only defer the transmission of certain SSB, namely defer the beam transmission in certain direction and remain the others unchanged. For the deferred SSB, it should be transmitted with predefined mechanism and indicated in SSB content to deliver necessary timing information for UE.
Proposal 1: PBCH should be redesigned and the indication of deferred beam due to LBT failure could be considered. 
Further, with multiple beams transmitted simultaneously, parallel beam sweeping method could shorten beam sweeping period and deduce block probability at same time. 


Fig.1 An example of parallel beam sweeping
In the figure 1, an example of comparison between normal beam sweeping and two-beam parallel sweeping method is shown. For parallel beam sweeping, duration of SSB burst set transmission is reduced in half, and each SSB can be transmitted twice in original transmission duration T. What’s more, with respect to the limitation of maximum channel occupy time (MCOT) applied to LTE LAA, such as 12 symbols with 15KHz subcarrier spacing for transmission including DRS without PDSCH, the similar rules should be considered for NR-U to keep fairness and compatibility. So, the parallel beam sweeping method has inherent advantage with shorter channel occupancy time for SSB transmission. Even the number of parallel sweeping beam can be configurable in advance to adapt to different deployment scenarios with different SSB transmission durations.  
Proposal 2: Beam sweeping and sensing mechanism should be redesigned in accordance with regulatory requirements for NR-U.
Conclusion
In this contribution, we discuss design issues of NR-based access to unlicensed spectrum. The following proposals are made: 
Proposal 1: PBCH should be redesigned and the indication of deferred beam due to LBT failure could be considered. 
Proposal 2: Beam sweeping and sensing mechanism should be redesigned in accordance with regulatory requirements for NR-U.
References
[1] Chairman’s notes for 3GPP TSG RAN1 meeting #92b
[2] R1-1804242, Discussion on initial access based on beam sweeping in NR-U, Potevio
image1.emf
Time 

S

S

B

 

1

Ns=1

Single 

beam

First 

beam 

...

...

...

...

S

S

B

 

N

S

S

B

 

1

S

S

B

 

N

...

...

Ns=2

Second 

beam 

...

...

S

S

B

 

N

/

2

S

S

B

 

N

/

2

S

S

B

 

N

/

2

+

1

T

T/2

S

S

B

 

1

...

...

S

S

B

 

N

/

2

...

...

S

S

B

 

N

S

S

B

 

N

/

2

+

1


oleObject1.bin
SSB 1


SSB 1


...


T/2


SSB N/2


...


Ns=2


...


SSB N/2+1


SSB N


Second beam 


SSB N/2


...


SSB N


T


Time 


SSB N/2+1


SSB 1


...


Ns=1
Single beam


First beam 


...


SSB N


SSB N/2



