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Introduction
In RAN1 #97 meeting, several agreements were approved for NR-U initial access as in [1]:
Agreement:
The mechanism to determine serving cell timing is as follows: 
· The SS/PBCH block position index within a DRS transmission window is detected using a combination of PBCH DMRS sequence index and 1 bit/2 bits for 15 kHz SCS/30 kHz SCS of the 3 available bits in the PBCH payload (not in MIB) originally used in Rel-15 FR2 for MSB SSB index 
· 10-bits SFN and half-frame indicator are indicated as in Rel-15 
· PBCH payload size is not increased compared to Rel-15
· FFS: Whether reuse of other available bits in PBCH payload is also required for timing determination
· If the UE is required to perform PBCH decoding of neighbor cell(s) (e.g., in asynchronous deployments), an explicit time allowance for acquisition of SSB index is provided to the UE
Agreement:
For a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo (A, Q), once Q is known to the UE
· FFS: A is the SSB candidate position index and/or PBCH DMRS sequence index
· FFS: How Q is indicated or determined 
· FFS: Restriction on the range of Q.
Note: Neighbor cell RRM measurements will be addressed separately.
In this contribution, based on the above agreements and some offline/online discussion, some details on the initial access procedure for NR-U are discussed.
SSB transmission for initial access
1 
2 
As the main part of DRS, SSB transmission issue due to LBT was discussed in the NR-U item, companies agreed that it is beneficial to introduce candidates SSB positions within DRS transmission window, however, more details should be further discussed. 
2.1 Timing and QCL determination
In NR-U FR1, for UE to derive the frame timing from SSB on initial access, one straight way is to fix the Y candidates SSB positions in the DRS window, so that the actual transmitted SSB depending on the LBT outcome under regulations has its own timing index. Accordingly, UE could derive the timing by the index of the received SSB similar as it does in NR.  
For QCL determination, NR UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions. In other word, two SSBs with the same index shall not be transmitted in one SSB burst set, hence UE may not assume two SSBs are QCLed with each other in one SSB burst set in R15.
In NR-U, for QCL determination, as it was agreed in the previous meeting, for a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCLed across DRS transmission windows. Thus, if the DMRS sequence index is the same for the QCLed candidate positions no matter what the timing index is, then UE may assume to find a QCLed SSB in another DRS transmission windows. However, due to the different LBT outcome, the SSB which is supposed to have QCL relation with the one in previous SSB transmission window could have a different index of each other.  According to the agreement in NR, the actual transmitted SSB could be 1 one to 8(say Lmax=8), and it can’t be known by the UE before its RMSI decoding, hence the QCLed positions could be in any candidate position due to LBT if there is only one SSB transmitted by gNB in each DRS window. If no indication of how many QCLed SSB are transmitted in PBCH, UE may assume the worst case to 1, therefore greatly increasing the UE’s effort on RMSI decoding if the actual number is 8. So, in this case the QCL indication should be transmitted to UE, but how Q is indicated or determined need for further study. Of course, three bits Q indication is the clearest way, however, it is hard for such indication in PBCH, so that the possible value of Q should be restricted. In offline discussion, some company suggested that Q could be 1,2,4,8, but  the effort for QCL determination between Q equal to 1 and 2 or 4 and 8 is not so significant, so with a compact indication of {1, 4} seems applicable and UE only need so some extra work when the actual SSB configuration is 2 or 8.
In addition, it seems the probability for gNB to implement eight beams for coverage enhancement in 6GHz NR-U cell is less than that in NR cellular cell. As discussed in our contribution in 7.2.2.1.1, the four SSBs transmission in 1ms may be a typical configuration.
Proposal 1: The indication of Q is necessary and could be restricted to two values.

2.2 Periodicity of SSB
In NR, the default SSB periodicity is 20ms and could be configured as {5,10, 20,80,160}, although the power saving of NR-U gNB may not be the critical requirement, shorter default periodicity may subject to LBT outcome, so reusing the NR agreement could be the baseline. In addition, latency and mobility need also be considered in NRU SA. 
Consider the other signal in the DRS may have different periodicity, it is better to define the SSB periodicity instead of DRS periodicity.
Proposal 2: SSB periodicity in NR-U could reuse the NR agreement, 20ms as default.

2.3 Actual transmitted SSB indication in NR-U
In NR, 16 bits information for actual transmitted SSB is agreed in the RMSI because it is argued that 64 bits full bitmap payload is too much. Thus, SSB in one burst set is divided into 8 groups with maximum 8 SSBs in one group for L=64, while this is also true for L=8 in which can be treated as one group case, as well as for L=4 case. 
In NR-U, if not all Q indication is adopted in PBCH, the actual transmitted SSB indication in RMSI is still need. However, the SSB index should always start from #0 in the bitmap and should be the indication of the actual transmitted SSB without LBT so that the QCL relation can be then fully understand by UE after RMSI is decoded.
Proposal 3: Indication of actual transmitted SSB in RMSI can be used to indicate all Q factors.

2.4 DRS transmission and Paging
Since SSB as the main part of the DRS is agreed to increasing its transmission opportunities due to LBT in NR-U, the other signals belong to the DRS are also warped around with the SSB when LBT failure occurs. Once the SSB is derived by UE, configuration of other signals in the DRS could be calculated accordingly by the UE. Hence it is beneficial that Paging could be transmitted with SSB as the DRS as possible in the same NB initiate COT to avoid another LBT procedure. 
However, multiplexing of NR-DRS and paging may not be true when there is insufficient time and frequency resources available. So, there could be two cases for paging transmission, one is inside the DRS and the other case is that paging is out of the COT with DRS. Thus, in the case when transmission of paging is out of the COT of DRS, where Cat 4 LBT is supposed to be used, the perform may be somehow worse. Furthermore, the SSB transmission opportunities increasing could be promised as discussed in the previous chapter, RAN1 should consider the overhead of enhancing paging opportunities by increasing time-domain paging occasions or paging monitoring occasions for both cases. Network may consider a none beamformed paging opportunities increasing for LBT failure to saving the overhead of beam sweeping and UE power consumption, considering the cell coverage of NR-U is relatively small.
Proposal 4: Paging should share COT with DRS as possible.

RACH procedure 
From the physical layer perspective, the random access procedure includes the transmission of random access preamble (Msg1) in a PRACH, random access response (RAR) message with a PDCCH/PDSCH (Msg2), and when applicable, the transmission of a PUSCH scheduled by a RAR UL grant, and PDSCH for contention resolution.
As discussed in PRACH formats in 7.2.2.1.1, with the gap of PRACH occasion the enhancement of Msg1 in RACH procedure in NR-U may consider how to solve issue when the configured RO is blocked by LBT failure. One way is to increase the frequency domain transmission opportunities for PRACH, which means network may configure multiple PRACH bands for UE in initial uplink bandwidth configuration. However, such mechanism may cause the UE power consumption increasing and system frequency resource wasting in the deployment of less channel interference.
From the RACH procedure of view, we think the current NR machoism is fine and network can configure relative more PRACH resources in time domain to overcome the probability of LBT failure. 
Proposal 5: No RACH procedure enhancement unless there is some issue with consensus.

Conclusion
In this contribution, we discuss the method SSB design i for NR-U and based on the above discussion we provide the following proposals.
Proposal 1: The indication of Q is necessary and could be restricted to two values.
Proposal 2: SSB periodicity in NR-U could reuse the NR agreement, 20ms as default.
Proposal 3: Indication of actual transmitted SSB in RMSI can be used to indicate all Q factors.
Proposal 4: Paging should share COT with DRS as possible.
Proposal 5: No RACH procedure enhancement unless there is some issue with consensus.
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