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Introduction
The study item of NR-based access to unlicensed spectrum was approved in RAN #75 meeting. Besides NR based license assisted access, standalone (SA) operation of unlicensed spectrum is also in the scope of this study item. In this contribution, we discuss some potential physical layer procedures in initial access and mobility that may require modification or may be beneficial to unlicensed spectrum operation. Some potential solutions are shared as well.
Discussion
In order to support standalone operation on unlicensed spectrum, initial access designs need to be addressed. In our view, a unified design for both NR licensed and unlicensed operations should be pursued whenever it is possible. However, due to some regulation requirements in unlicensed spectrum, such as listen-before-talk (LBT) and occupied channel bandwidth (OCB), some designs from NR licensed operation may not be adopted to NR unlicensed operation directly without any modification.
SMTC transmission
In RAN1 #93, we have made the following agreements about initial access. 
	Agreement: (RAN1 #93)
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal

Agreement: (RAN1 #93)
The following modifications to initial access procedures are beneficial
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure


Based on the above agreements, we believe that it is a common understanding that NR-U would like to have a signal that serves similar functionalities as the discovery reference signal as in LTE-LAA. Therefore, we suggest to give a name to this signal to ease the efforts in future discussions. It is named as a discovery reference signal (DRS) for easier discussion in this contribution. For the detailed discussion on its design, please see our companion contribution in [1]. 
Similar to the DRS and DMTC design in LTE-LAA, we think it is beneficial to have more transmission opportunities for DRS which contains essential signals for initial access and measurement to cope with LBT failure. As in NR, SMTC has been defined and stands for SSB-based measurement timing configuration, we think the terminology can adopted for NR-U usage. However, the default time duration of SMTC in NR is 5msec which may need some modification for NR-U. Besides, the periodicity of SMTC in NR is 20ms by default and can be further configured to 5ms, 10ms, 20ms, 40ms, 80ms, or 160ms. Again, the supported SMTC periodicities for unlicensed operation shall be discussed.  
As we have pointed out, the duration of DRS is dependent on the number of SS/PBCH blocks. If the number of SS/PBCH blocks is configurable as in NR, then it is beneficial if the time duration of DRS or the number of SS/PBCH blocks is indicated to UE. As illustrated in the last case in Figure 1, if the network does not pass LBT until the very end of the SMTC window, can it be allowed to transmit DRS so that the time when it has finished DRS transmission is outside of the SMTC window? In other words, the allowed starting positions of DRS transmission within SMTC need to be discussed. Since NR-U needs to consider standalone operations as well, the timing offset of DRS transmission caused by LBT needs to be indicated to UE so that UE in initial access knows how to derive the timing of the cell. Then how to indicate the timing offset to UE should be resolved in NR-U.


[bookmark: _Ref521509894]Figure 1: SMTC window and DRS transmission

[bookmark: _Ref506627402]Observation 1: It is beneficial to have multiple transmission opportunities for DRS within a configured window.  
[bookmark: _Ref521510793]Proposal 1: NR-U defines SSB-based Measurement Timing Configuration (SMTC) window for DRS transmission. 
[bookmark: _Ref521510811]Proposal 2: DRS is allowed to be transmitted in more than one time position within SMTC. 
· FFS: SMTC duration and periodicity
· FFS: Whether DRS duration is fixed or configurable. If configurable, how to indicate to UE its duration?
· FFS: Candidate starting time positions for DRS within SMTC
· FFS: How to define and indicate the uncertain offset caused by LBT?

Random access procedure
The following agreements related RACH design have been made in RAN1 and RAN2 meetings. 
	Agreements (RAN2 #103)
1:	Both CBRA and CFRA are supported. Changes for NR-U operation will be studied
2:	4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress
3: 	We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U



	Agreement: (RAN1 #93)
The following modifications to initial access procedures are beneficial
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
· 2-step RACH potentially has benefit for channel access



The LBT requirement to access unlicensed spectrum not only reduces transmission opportunities but also causes the increase of access latency. Similar to NR, reduction of RACH latency should be a design target in NR-U. To mitigate the impact of LBT, one straightforward way is to reduce the number of steps in a procedure. Hence, it could be beneficial if the simplified 2-step RACH is introduced to NR-U. The number of LBTs needs to be conducted in a RACH procedure is consequently reduced to half in a simplified 2-step RACH compared with the conventional 4-step RACH. 
[bookmark: _Ref506627451][bookmark: _Ref510616509]Proposal 3: NR-U studies the feasibility of 2-step RACH to reduce random access latency.

On the other hand, if NR-U decides to adopt 4-step RACH, some modifications need to be made to cope with the uncertainty of channel availability during a RACH procedure. For example, additional transmission opportunities can be allocated not only time domain but also in frequency domain on different 20MHz sub-bands. To increase the LBT success rate, the network also can reduce the LBT overhead for UEs, if not entirely eliminate it, by allocating uplink resources including RACH occasions in gNB shared COTs. For example, RACH occasions can immediately follow DRS transmissions so that RACH occasions are in the same COT as DRS. In this way, UEs that conduct PRACH transmissions on these occasion may conduct no-LBT or one-shot LBT. Based on a similar principle, additional RACH occasions can also be allocated in any gNB shared COT to increase the transmission opportunities for PRACH.       
[bookmark: _Ref510616498]Observation 2: It can reduce UE’s LBT overhead and RACH access latency if pre-configured RACH resources are allocated immediately following DRS within the same COT.   
[bookmark: _Ref521510854]Proposal 4: NR-U strives to facilitate fast channel access for each transmission in a RACH procedure. 
[bookmark: _Ref521510864]Proposal 5: To increase Msg1 transmission opportunities, NR-U considers dynamic allocation of RACH occasions in addition to those configured by RMSI.   

Paging 
	Agreement: (RAN1 #93)
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied



When multiple SSBs are configured in NR, there is some association between SS/PBCH blocks and PDCCH search spaces for paging. However, when operating in NR-U, the order of SS/PBCH blocks may be changed due to LBT failure. Therefore, the order of PDCCH search spaces for paging may be changed accordingly. 
[bookmark: _Ref521510874]Proposal 6: When multi-beam operation is considered in NR-U, the ordering of paging search spaces associated with different SS/PBCH blocks should be studied. 

Conclusion
In this contribution, we have the following observations. 
Observation 1: It is beneficial to have multiple transmission opportunities for DRS within a configured window. 
Observation 2: It can reduce UE’s LBT overhead and RACH access latency if pre-configured RACH resources are allocated immediately following DRS within the same COT.

[bookmark: _GoBack]And our proposals are summarized as follows.
Proposal 1: NR-U defines SSB-based Measurement Timing Configuration (SMTC) window for DRS transmission.
Proposal 2: DRS is allowed to be transmitted in more than one time position within SMTC.
· FFS: SMTC duration and periodicity
· FFS: Whether DRS duration is fixed or configurable. If configurable, how to indicate UE its duration?
· FFS: Candidate starting time positions for DRS within SMTC
· FFS: How to define and indicate the uncertain offset caused by LBT?

Proposal 3: NR-U studies the feasibility of 2-step RACH to reduce random access latency.
Proposal 4: NR-U strives to facilitate fast channel access for each transmission in a RACH procedure.
Proposal 5: To increase Msg1 transmission opportunities, NR-U considers dynamic allocation of RACH occasions in addition to those configured by RMSI.
Proposal 6: When multi-beam operation is considered in NR-U, the ordering of paging search spaces associated with different SS/PBCH blocks should be studied.
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