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Introduction  
In RAN1#94, following agreements on initial access and mobility issue for NR-U are made in RAN1 [1]:
	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, we further discuss SS/PBCH block/RMSI transmission and RACH procedure in initial access and mobility issue and present our view.
SS/PBCH block and RMSI transmission
In NR-U, the transmission of SSBs is subject to the sensing result of Listen-Before-Talk (LBT), such that the UE cannot always expect to receive the SSBs periodically, which results in the performance degradation and complexed receiver implementation on soft combining. Moreover, due to the uncertainty of channel access from LBT, the delay of initial cell search may be enlarged. Hence, enhancement of the channel access of SSB may need further study in NR-U as seen in agreements above. The potential enhancements of SSB transmission for NR-U can be enlarged candidate SSB positions within a single SSB burst set window (e.g. 5ms). In this regard, one way is to use cyclic shifted SSB transmission within a single SSB burst set window. The other way is to introduce additional SSB candidate positions within a single SSB burst set window. Both ways would result in increase of SSB burst set window length. 
Proposal 1:	Cyclic shifted SSB transmission or additional SSB candidate position can be considered to handle reduced SSB transmission opportunities due to LBT failure.

[bookmark: _Hlk525919110]If DL SSB enhancement or modification for NR-U is introduced, 5ms DL SSB burst set window defined in Rel-15 NR may not be maintained in NR-U due to the extended DL SSB transmission candidates particularly for 120 and 240 kHz SCS which have no room to position the additional DL SSB candidate positions within 5ms. Therefore, we need to discuss whether 5ms DL SSB burst set window should be increased e.g. 10ms, that may result in additional standardization issues such as measurement window, handover and so on.
Proposal 2:	It is proposed to discuss whether 5ms DL SSB burst set window should be increased due to potential modification of DL SSB burst set composition.

In addition, due to the COT (Channel Occupancy Time) less than 1ms like LAA DRS, short LBT such as 25us LBT can be firstly considered for SSB transmission only. It is beneficial to apply the channel access procedure with higher priority for SSB transmission only, in order to guarantee successful periodic SSB transmissions as much as possible. In this case, depending on SSB’s SCS, there can be more than two consecutive candidate SSBs within a COT via short LBT. Such consecutive candidate SSBs can be considered as a SSB group, once a LBT is succeed. This unit (i.e. SSB group) may be used for various NR-U operation such as RRM, RLM, BFR, RACH, etc. Moreover, it also needs to be considered whether short LBT can be applied for multiplexing PDSCH/PDCCH (especially for higher SCS) and SSB transmission. 
Proposal 3:	25us LBT should be at least considered for SSB transmission only with about 1ms COT.

During Rel-15 NR WI phase, three patterns to multiplex SSB and RMSI transmissions have been introduced for both FR1 and FR2 as shown in Figure 1. For NR-U, how to multiplex SSB and RMSI should be discussed since there are the requirements on the occupied channel bandwidth (OCB) and some needs of efficient beam sweeping for the multiplexing of SSB and RMSI. In order to meet the OCB regulation, the multiplexing pattern 2/3 of SSB and RMSI in the frequency dimension can be firstly considered. However, the practical limitation and UE capability requirement should be discussed when this pattern is employed.
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[bookmark: _Ref521713226]Figure 1. Multiplexing patterns of SSB and RMSI transmission

Due to the channel access uncertainty caused by LBT, the periodic/deterministic transmissions of SSB/RMSI cannot be guaranteed. Therefore, whether opportunistic transmission occasions following periodic ones are allowed should be discussed. It is beneficial to arrange such additional opportunities for SSB/RMSI transmissions especially for cell search and RRM measurement purposes. But how to design them and what disadvantages they may cause should be carefully addressed.   
Proposal 4:	Evaluate enlarged opportunistic transmission of SSB and RMSI in NR unlicensed bands taking OCB and LBT regulations into accounts.

RACH procedure
In LTE LAA, initial access functionality has not been defined, including random access procedure and related physical channels/signals. On the other hand, in order to support standalone unlicensed operation, it is essential to support RACH procedure on top of SSB/RMSI. In NR, 4-steps PRACH procedure (CBRA) in addition to CFRA with 2-steps have been supported. If PRACH procedure with 4 steps is performed in the NR-U carrier, then four times LBT may need to be performed. This may result in the increase of the probability of random access failure. Furthermore, due to LBT failure, configured PRACH resource may be wasted. Therefore, to improve the channel access opportunity for PRACH, a simplified and efficient LBT for PRACH mechanism may be considered.
Furthermore, RACH preamble transmission needs to meet ETSI regulation requirement of OCB, thus new PRACH waveform may be required in frequency domain e.g. interlace preamble sequence allocation, repeated preamble transmission, scalable numerology or multiplexing with other UL signals, etc. 
Regarding the potential enhancements for random access procedure in NR-U, it is desirable to exploit the possibility to select flexible and larger number of RACH occasions/carriers to the same maximum channel occupancy time (MCOT) as SSB/RMSI transmission. With this consideration, it can reduce LBT overhead at a UE side as well as the latency from RACH procedure. Moreover, when the maximum retransmission count is reached due to LBT fails, further power ramp-up is necessary or not needs to be evaluated through further study.
Regarding the simplified RACH access, the two-step RACH procedure may be more suitable for unlicensed band operation than the conventional 4-step RACH. Furthermore, if the two-step RACH is employed, the OCB requirement for RACH can be probably easily met since UE transmits PRACH and data simultaneously in the first step. 
In summary, RAN1 should seek to reuse NR basic functionality for NR-U as much as possible, which has been introduced for licensed operation, while it is also necessary to meet the regulation requirements with the potential enhancements if justified.
Proposal 5:	Multiple RACH occasions in a single SSB-RO mapping period can be considered for NR-U.

For NR-U, the RACH carrier selection method can be modified due to LBT failure. If the RACH carrier selection is simply dependent on only the DL pathloss reference RSRP in NR-U, it may result in unnecessary preamble transmission failures because the RACH carrier selection method does not correctly reflect whether the NR-U carrier is now busy or highly loaded or not. This would be first important turning point on whether following RACH procedure is successfully performed without failures especially in the case where UE is configured with SUL on licensed carrier but NUL is on unlicensed carrier. Even in the other case where both NUL and SUL is on unlicensed carriers, if RACH UE can properly select the RACH carrier firstly then it would increase the rate of successful RACH procedure.
One possible way for the proper RACH carrier selection in NR-U RACH is to consider the carrier loading status, on top of DL pathloss reference RSRP. In addition, there can be further relationship between the RACH carrier selection and LBT operation. For example, depending on LBT failures is over the threshold value, whether the RACH carrier selection should be re-performed or not is decided at a UE side and the threshold value can be configured by gNB.
Proposal 6:	It is proposed to enhance the RACH carrier selection method for NR-U, if a UE is configured with SUL for RACH serving cell. The details are FFS.

Conclusion
This contribution discusses SS/PBCH block and RMSI transmission and RACH procedure and makes the following proposal: 
[bookmark: _Ref458739888]Proposal 1:	Cyclic shifted SSB transmission or additional SSB candidate position can be considered to handle reduced SSB transmission opportunities due to LBT failure.
Proposal 2:	It is proposed to discuss whether 5ms DL SSB burst set window should be increased due to potential modification of DL SSB burst set composition.
Proposal 3:	25us LBT should be at least considered for SSB transmission only.
Proposal 4:	Evaluate enlarged opportunistic transmission of SSB and RMSI in NR unlicensed bands taking OCB and LBT regulations into accounts.
Proposal 5:	2-step RACH and multiple RACH occasions in a single SSB-RO mapping period can be considered for NR-U.
Proposal 6:	It is proposed to enhance the RACH carrier selection method for NR-U, if a UE is configured with SUL for RACH serving cell. The details are FFS.
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