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Introduction
During discussion in RAN1#93 meeting, issues on physical layer procedure on NR-U were discussed and following were agreed [1]. 

Agreement:
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
· 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

Agreement:
Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied.

Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied.

In NR-U, some initial access related procedure is necessary in both NSA and SA scenario. The initial access procedure includes SS/PBCH block transmission, broadcast and Paging, RACH procedure, and mobility procedure. In this contribution, general initial access procedure on NR-U is discussed.
Discussion
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 carrier should follow the LBT regulation, so periodically transmission of SS/PBCH block may be interrupted due to LBT failure. Since SS/PBCH block is important and should have higher priority for transmission, modifications to initial access procedures some enhancements are needed. 
In NR, SS/PBCH block transmission should follow the predefined pattern, because the SS/PBCH block index is associated with timing information and resources of other channels. This is essential procedure, especially in a standalone carrier. However, the transmission opportunity of one SS/PBCH block may be absent due to LBT failure in NR-U. If one SS/PBCH block transmission is interrupted due to LBT failure, gNB has to wait for the next period before it can transmit the interrupted SS/PBCH block with index i. As shown in the figure 1, if LBT failure happens, gNB has to skip the SS/PBCH block transmission at the pattern. Without the knowledge of DL transmission opportunity, UE has to blindly search the SS/PBCH block for RRM and RLM measurement. If several successive SS/PBCH blocks are missed by UE due to LBT failure at gNB, it will have impacts on measurement through SS/PBCH block due to delay of measurement results acquirement, since the measurement is usually associated with a higher layer time window. 



Figure 1 SS/PBCH transmission with LBT
Considering the importance of SS/PBCH block for measurement, it should be enhanced to guarantee the opportunity of the SS/PBCH block transmission on NR-U. The opportunity of SS/PBCH block should be increased to compensate the lost SS/PBCH block due to LBT failure. To achieve this, shorter periodicity can be used. But this will bring higher overhead of SS/PBCH block, when the probability of LBT success on the unlicensed band is high. So simply configuring shorter periodicity to increase opportunity of the SS/PBCH block transmission is not an optimized way. The additional occasions of SS/PBCH block transmission should be introduced other than the configured periodical SS/PBCH block pattern. The SS/PBCH block pattern in additional occasions can reuse the SS/PBCH block pattern within 5ms time window. The relationship between SS/PBCH block index and timing information will be maintained. 
Proposal 1: SS/PBCH block transmission on NR-U is enhanced to address the opportunistic transmission with LBT.



Figure 2 SS/PBCH transmission with additional opportunity

An example is shown in the figure 2. In a SS/PBCH block periodicity, there are two opportunities for a SS/PBCH transmission. If one of them is failed due to LBT failure, the other one can be responsible for the transmission. Therefore, the actual transmission patterns of SS/PBCH block may be not fixed with opportunistic transmission. 
Proposal 2: Additional occasions of SS/PBCH block transmission are introduced other than the legacy periodical SS/PBCH block pattern. The patterns of additional SS/PBCH block transmission reuse the legacy patterns in a half frame.
Broadcast and Paging
In standalone scenario of NR-U, UE should receive broadcasted system information and paging. The delivery of RMSI and paging may also be interrupted due to LBT failure. For RMSI/SSB TDM (Pattern 1), the 2 slots time window for the reception of RMSI PDCCH is indicated to UE by MIB. And paging occasions are also pre-determined by UE based on paging configuration. Idle UE only wakes up and receive paging during paging occasion for power saving. If UE misses the reception window for RMSI or paging due to LBT failure in gNB side, UE has to wait for the coming of next periodicity. The unpredictable delay is introduced. The occasions of RMSI (Pattern 1) and paging transmission can be introduced. But power consumption of UE should also be considered with increased reception occasions. Also, OCB requirement should be satisfied for broadcast and paging transmission. 
Proposal 3: The procedure of broadcast and paging should be enhanced on NR-U.
RACH procedure 
RACH procedures should be investigated at least for DC and SA deployment scenarios. For contention based RACH procedure, there are four steps: UE transmits a PRACH preamble to gNB; gNB transmits the random access response (RAR) to UE for PUSCH resource allocation; UE transmits PUSCH based on received RAR; gNB transmits a feedback on contention resolution result. LBT should be performed at each step and the access procedure will be delayed if the LBT of any step fails. So 2-step RACH procedure may be studied to reduce the impact of LBT failures to random access delay. The 4-step RACH procedure can be further enhanced to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure. If 2-step RACH procedure is introduced, it should be allowed to fallback to 4-step RACH in some cases. 
Proposal 4: Both 4-step RACH procedure and 2-step RACH procedure could be studied on NR-U. 
Mobility procedure 
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 to do 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 failure before the NR-U gNB send those RSs. UE should know whether a specific  RRM/RLM RS  is transmitted by gNB. UE can perform blind detection or be indicated by gNB to determine whether there is RRM/RLM RS transmission through configured resource. Only the RSs actually transmitted by gNB should be included in the measurement samples. Due to unreliable transmission of RRM/RLM RS, the measurement performance requirement shall be relaxed. On the other hand, methods to enhance the transmission of RRM/RLM RS could be studied. 


Figure 3 Measurement in NR-U with opportunistic transmission
Proposal 5: 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: SS/PBCH block transmission on NR-U is enhanced to address the opportunistic transmission with LBT.
Proposal 2: Additional occasions of SS/PBCH block transmission are introduced other than the legacy periodical SS/PBCH block pattern. The patterns of additional SS/PBCH block transmission reuse the legacy patterns in a half frame.
Proposal 3: The procedure of broadcast and paging should be enhanced on NR-U.
Proposal 4: Both 4-step RACH procedure and 2-step RACH procedure could be studied on NR-U.
Proposal 5: UE should be aware of the actual RRM/RLM measurement RS transmission for enhanced measurement in NR-U.
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