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Introduction
During the discussions in RAN1#94 meeting[1], several agreements on the initial access procedure of NR-U have been made as below.
Agreement:
· It is recommended to define a mechanism to transmit SSBs dropped due to LBT failure 
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Other alternatives are not precluded
· It is recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB
Agreement: 
· If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented
Agreement:
· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
· FFS: Value of maximum RAR window size
Agreement:
· It is beneficial to support reporting of RSSI
· FFS: The time and frequency resources on which RSSI is measured
In this contribution, more discussions on the SSB transmission, random access procedure and RRM measurements in NR-U are aroused.
Discussion
SS Raster
The synchronization raster (SS raster) indicates the frequency positions of the SS/PBCH block that can be used by a UE for system acquisition. Sparser raster means faster cell searching, but may require a larger minimum physical carrier bandwidth. 
In Rel-15, the SS raster for licensed bands has been defined as shown in Table 1. Granularities of the SS raster are 1.2MHz and 1.44MHz for 0-3GHz and 3-24.25GHz respectively. These designs have considered the tradeoff between the complexity of cell search and the flexibility of cell deployment. 
In unlicensed bands, nominal channels with 20MHz bandwidth are defined and only these nominal channels can be used to set up cells, i.e., the flexibility of cell deployment is restricted due to the granularity of available channels. Based on the restriction, unlicensed bands do not need too much SS raster within a nominal channel. Actually, setting one SS raster within each nominal channel could ensure the needs for cell deployment. Thus, the design of SS raster for licensed bands shall be reconsidered in NR-U and RAN1 should try to make the SS raster for unlicensed bands sparser compared to that for licensed bands.
Proposal 1: RAN1 should strive to make the SS raster for unlicensed bands sparser compared to that for licensed bands. 
Table 1   SS raster for different frequency range
	Frequency range
	SS Block frequency position SSREF

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz, 
N=1:2499, M ϵ {1,3,5} (Note 1)

	3000-24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756

	NOTE 1:	The default value for operating bands with SCS spaced channel raster is M=3.



SS/PBCH block transmission procedure 
For NR-U operation, SS/PBCH block should be transmitted no matter the deployment scenario is CA, DC or SA for the purposes of RRM measurement, synchronization achievement, or initial access. The transmission of SS/PBCH block on unlicensed carriers should follow the LBT regulation, so the periodically transmission of SS/PBCH block may be interrupted due to LBT failures. However, since SS/PBCH block has a higher priority for transmission, modifications to initial access procedures with some enhancements are needed in NR-U. 
In RAN1#94 meeting, three alternatives are agreed for further consideration. Alt1 is beneficial to specification impacts because the transmission instance of a shifted SSB is still a nominal position of the SSB. However, the actually transmitted SSBs of a burst set may not be located within one COT. Another LBT may be needed for the shifted SSBs. Alt2 can achieve that the whole SSB burst set is transmitted within one COT. But non-nominal positions for SSBs shall be introduced and new synchronization procedures should be defined as well. For Alt-3, more efforts are needed on the specification of initial access procedure. 
In our view, both Alt1 and Alt2 can be considered. For Alt1, the dropped SSB transmission will be moved to the next transmission instance. The next transmission instance belongs to the nominal positions of next period, or newly defined nominal positions. The relationship between SS/PBCH block index and timing information will be maintained. The SSBs within a SS burst set may be transmitted in a single or separate COT(s), because the interval between candidate opportunities may be larger than one COT. Furthermore, additional time periods can be considered in Alt 1 as shown in Fig.1, within which multiple nominal positions are predefined as transmission opportunities. Thus, within a SSB transmission periodicity, a SSB corresponds several transmission opportunities. Once the SSB is transmitted successfully in one of these opportunities, it does not need to be transmitted again within the SSB transmission periodicity.


Figure 1 Example of SSB transmission for Alt 1
For Alt2, SSBs dropped due to LBT failure are cyclically wrapped around to the end of the burst set transmission as shown in Fig.2. A COT can cover the transmission instances of the whole burst set. But the beginning of the COT may be far from the starting position of the predefined SSB transmission instances. Thus, it is preferred to define enough transmission opportunities in a time period. The time period can be the periodicity of SSB burst set, or a predefined/configured time window. For Alt2, another issue is the timing determination and QCL assumption from the detected SSB located on non-nominal resources. To handle this issue, extended SSB indexes can be introduced for the additional transmission instances and other solutions can be discussed as well.
Proposal 2: The transmission opportunities of SSB should be defined as much as possible within a time period.


Figure 2 Example of SSB transmission for Alt 2
RACH procedure 
1）Msg1
Both contention-based RACH and contention-free RACH should be supported for NR-U at least for standalone scenario. RACH procedure can be triggered by initial access, RRC connection re-establishment procedure, handover, DL or UL data arrival but UL is non-synchronized, request for OSI, beam failure recovery, etc., which may require a dense PRACH resource configuration. The PRACH resource configuration is indicated by system information and should be reserved by idle UE for initial access procedure. However, since the DL transmission burst is opportunistic due to LBT, frequently appeared PRACH resources may cause frequently interruption of a DL transmission burst, which would lead to inefficient transmission in unlicensed carriers.
Two PRACH configurations with different periodicities can be considered to enhance PRACH configuration in NR-U. As shown in Figure 3, PRACH configuration 1 with longer periodicity indicated by system information can be used for idle UE for initial access, PRACH configuration 2 with shorter periodicity configured by RRC and indicated by dynamical signaling can be used for connected UE performing RACH procedure. For example, activation command and de-activation command can be introduced to dynamically indicate the activated time window, within which PRACH resource configured by PRACH configuration 2 can be used for preamble transmission. 


Figure 3 PRACH resource configuration for NR-U 
Proposal 3: Two PRACH configurations with different periodicities can be considered to enhance PRACH configuration in NR-U.
2）Msg2
For a RACH procedure, a UE needs to monitor a corresponded Msg2 within a preconfigured RAR window after transmitting a preamble. If the UE does not detect the PDCCH with an associated RA-RNTI within the window, it needs to retransmit the preamble and wait for a RAR again. In unlicensed bands, a gNB needs to perform LBT procedures before replying a RAR. If the gNB cannot obtain an available channel within the RAR window due to LBT failures, the gNB will not reply the RAR and the UE will not detect any PDCCH scrambled by the associated RA-RNTI. 
To handle this issue, in RAN1#94 meeting, it has been agreed to extend the maximum RAR window size to support more occasions for the RAR transmission. However, such a longer RAR window also increases the RAR monitoring occasions for a UE. If a gNB responded a RAR to a UE and the UE missed the response, or if a gNB did not prepare to respond a UE when contentions existed, the fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions. Thus, it seems extending the maximum RAR window size is a good option to introduce more RAR transmission occasions, but using a fixed long RAR window is not a good solution considering the power consumption and the access delay for a RACH procedure. How to design the RAR window and the RACH procedure in NR-U needs to be further considered.
Observation: A fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions
Mobility procedure 
[bookmark: _GoBack]For NR-U RRM measurement for mobility purpose, most of the design in the NR could be reused. Both SS based and CSI-RS based RRM/RLM measurement can be supported. RSRP/RSRQ/RS-SINR can all be defined for NR-U.  Measurement mechanism using SMTC can be utilized in NR-U for measurement management. The main issue in NR-U is that there exists uncertainty of the success transmission of the RRM/RLM reference signals due to potentially LBT failures before the NR-U gNB send those RSs. To get to know whether a specific RRM/RLM RS is transmitted by a gNB, a UE can perform blind detections or be indicated by the gNB. Only the RSs actually transmitted by a gNB should be included in the measurement samples. Due to unreliable transmission of RRM/RLM RS, the measurement performance requirement shall be relaxed as well. Besides, methods to enhance the transmission of RRM/RLM RS could be studied. Figure 4 shows an example of measurement in NR-U with opportunistic transmission. When DL LBT successes, it is informed to UE by gNB. Within the following COT of gNB, the configured RS for measurement is detected and measured by UE for effective measurement results. 


Figure 4 Measurement in NR-U with opportunistic transmission
Proposal 4: UE should be aware of the actual RRM/RLM measurement RS transmission for enhanced measurement in NR-U. 
Conclusion
In this contribution, general initial access procedure on NR-U is discussed. The following are observed and proposed.
Proposal 1: RAN1 should strive to make the SS raster for unlicensed bands sparser compared to that for licensed bands. 
Proposal 2: The transmission opportunities of SSB should be defined as much as possible within a time period.
Proposal 3: Two PRACH configurations with different periodicities can be considered to enhance PRACH configuration in NR-U.
Proposal 4: UE should be aware of the actual RRM/RLM measurement RS transmission for enhanced measurement in NR-U. 
Observation: A fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions
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