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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed in RAN1 #92bis meeting that [1]:
Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
[bookmark: _Ref129681832]In this contribution, we mainly discuss initial access procedure in NR unlicensed band, which includes the following aspects: SS/PBCH block transmission in both time and frequency domain, channel access mechanism for SS/PBCH block, PRACH design and procedure.

NR unlicensed synchronization signal design
	SS/PBCH block is supported in Rel-15 NR for initial access, RRM measurements, beam management and radio link monitoring purpose. An SS/PBCH block comprises NR-PSS, NR-SSS and NR-PBCH, which spans 4 symbols in time domain and occupies 20 PRBs in frequency domain. Maximum L SS/PBCH blocks are allowed to transmitted in 5ms window with periodicity of {5, 10, 20, 40, 80, 160} ms. The bandwidth of an SS/PBCH block is {3.6, 7.2, 28.8, 57.6} MHz with {15, 30, 120, 240} KHz subcarrier spacing, respectively. Generally, the agreed SS/PBCH block design can also be applied to unlicensed band. However, due to some spectrum characteristic and regulation requirements, e.g., the uncertainty of channel availability due to Listen-Before-Talk (LBT) and ETSI regulation requirement for OCB, NR unlicensed SS/PBCH block design shall be further considered by taking aforementioned aspects into account. 
Proposal 1: SS/PBCH block design for Rel-15 NR could be the baseline of design of SS/PBCH block in NR unlicensed band.

NR unlicensed synchronization signal design in time domain
As discussed above, channel occupation at a pre-defined slot cannot be guaranteed in unlicensed band, e.g., actual transmission of SS/PBCH block may be blocked due to LBT failure, which will introduce extra time delay, and degrade initial access performance. Therefore SS/PBCH block transmission shall be enhanced and multiple SS/PBCH block transmission mechanisms in NR unlicensed band are discussed as follows
Option 1: The mapping of NR unlicensed SS/PBCH block time locations within a slot and SS burst set window is the same as that of NR. The SS/PBCH block will be skipped if LBT fails. The advantage is that NR SS/PBCH block design could be completely re-used, which simplifies NR unlicensed initial access design. However, extra time delay would be introduced since only partial SS/PBCH block transmission may be allowed in each SS burst set window due to LBT procedure.
Option 2: Similar to DMTC window in LTE LAA, SS/PBCH block transmission can be shifted in time domain until LBT succeeds. The shifted SS/PBCH block transmission could use a pre-defined pattern, e.g., the same pattern defined in NR or a distinct pattern. Time offset introduced by LBT procedure could be signaled via PBCH/RMSI/RRC signaling. Furthermore, the shifted transmission of SS/PBCH block could be constrained within 5 ms SS burst set window without any modification to current NR SS/PBCH block design. In this case, less beam direction is enabled since the maximum number of SS/PBCH block time location, as agreed in Rel-15 NR, is fixed within 5ms window. In NR, the multiple SS/PBCH time locations are designed primarily for beamforming purpose. However, beamforming gain is restricted in unlicensed operation due to ETSI regulation requirement for EIRP limitation. As a result, one or only a few SS/PBCH block(s) transmission with wider beam(s) is/are needed for initial access purpose, especially for sub 7GHz band. And the remaining SS/PBCH block time locations could be reserved for shifting. Alternatively, SS burst set window could be extended to accommodate the whole SS/PBCH block set, which guarantees that all SS/PBCH blocks could be transmitted in single SS burst set window. The maximum duration of extended SS burst set window shall be further considered since UE consumes more energy for blind decoding of more SS/PBCH block time locations in the extended SS burst set window.
Option 3: In current NR SS/PBCH block design, some resource is reserved for DL/UL control and URLLC. In NR unlicensed band, consecutive SS/PBCH block pattern could be considered, which reduces the risk of losing the ownership of channel as well as the number of time gNB needs to contend for the medium. However, further investigation is required for consecutive SS/PBCH block pattern design by taking other DL/UL physical channel into account. 
Proposal 2: SS/PBCH block time shifting in unlicensed band should be considered when LBT failure occurs.

NR unlicensed synchronization signal design in frequency domain
According to ETSI regulation requirement for OCB, the current transmission bandwidth of SS/PBCH block is obviously smaller than nominal channel bandwidth of the NR unlicensed carrier when only SS/PBCH block is transmitted. 
If PDSCH is allowed to be multiplexed with SS/PBCH block, OCB requirement can be easily fulfilled. If PDSCH is not available, multiplexing of other physical channels and SS/PBCH block could also be considered to fulfill OCB requirement, possible options are discussed as follows.
Option 1: Frequency multiplexed RMSI CORESET/PDSCH with SS/PBCH block, which is already supported in NR, can be considered to meet OCB requirement. 
Option 2: Joint transmission of quasi co-located CSI-RS and SS/PBCH block is another possible solution to meet OCB requirement for unlicensed operation. However, such joint transmission may reduce CSI-RS configuration flexibility, and the transmitted CSI-RS could be meaningless if not configured to any UE for beam management or CSI reporting. 
Option 3: Frequency duplicated SS/PBCH block(s) could also fulfill OCB requirement.
Proposal 3: SS/PBCH block multiplexed with other physical channel/signal or itself in frequency domain can be considered to fulfill OCB requirement.

SS/PBCH blocks with different subcarrier spacing 
It is agreed in [1] that SS/PBCH block design with 60 KHz subcarrier spacing (SCS) shall be studied in NR unlicensed. The main advantages of SS/PBCH block with 60 KHz SCS compared to that with 15/30 KHz SCS are listed as below:
Better time resolution: The slot duration with 60 KHz SCS is only a quarter of that with 15 KHz SCS. Assuming the same SS/PBCH block and RMSI structure is used with different SCS, less time is needed for UE’s time synchronization with 60 KHz SCS compared to that with 15/30 KHz SCS. However, larger SCS will bring larger carrier frequency offset (CFO), which may degrade RMSI/OSI/data decoding performance when smaller SCS is used for transmission. In this case, tracking reference signal (TRS) could be used for CFO correction. In addition, more SS/PBCH block time locations could be accommodated within 5 ms SS burst set window, and SS/PBCH block transmission is more robust since more opportunities is provided to gNB for the original and/or the shifted version of SS/PBCH block, which also facilitates UE’s initial access. Besides, if CAT 4 LBT is adopted for SS/PBCH block transmission and LBT succeeds in the middle of the slot, shorter reservation signal is required to transmit using 60 KHz SCS, and thus increase the spectral efficiency.
Easier OCB fulfillment: As discussed in [3], the maximum number of available RBs for 15/30/60 KHz SCSs and 20 MHz channel bandwidth is 106/51/24. Since SS/PBCH block only occupies 20 RBs in frequency domain, it is easier to combine CSI-RS or other DL reference signals with SS/PBCH block to fulfill OCB requirement if 60 KHz SCS is adopted for SS/PBCH block transmission. Even if there is no other channels are available to frequency multiplexed with SS/PBCH block and dummy signal is transmitted, the spectral efficiency would not significantly decrease.
Proposal 4: SS/PBCH block with 60 KHz SCS should be considered for NR unlicensed operation.

Channel access procedure for SS/PBCH block transmission
In LTE LAA, the DRS transmission, which encompasses PSS, SSS and other reference signal, is subject to LBT and follows a single idle observation interval of at least 25 µs. Correspondingly, it is considered that the same LBT category, i.e., LBT without random back-off, is applied to consecutive SS/PBCH block and SS/PBCH + reference signal (e.g., CSI-RS and TRS) transmission. In general, DRS duration should be limited in order to keep fairness. 
According to [2], short control signaling could be transmitted without CAT 4 LBT if the number of transmission is less than 50 times and the total transmission duration is less than 2500 µs within an observation period of 50 ms. Correspondingly, CAT 2 or CAT 4 LBT may be chosen depending on whether SS/PBCH blocks(s) are multiplexed with RMSI CORESET/PDSCH. The LBT class used for transmission could depend on the periodicity and total duration of the combined control signaling. In addition, if SS/PBCH block is multiplexed with PDSCH, CAT 4 LBT is employed for contention to access the medium.
Proposal 5: CAT 2 or CAT 4 LBT may be used by SS/PBCH block(s). The LBT class used for transmission could depend on the periodicity and the total time duration of the combined control signaling.

Default channel bandwidth for initial access in NR unlicensed band
According to ETSI regulation requirement, the nominal bandwidth for unlicensed operation at 5GHz frequency band is 20MHz, and LTE LAA also adopts 20MHz component carrier bandwidth for channel access. Therefore, 20MHz can also be considered as the default channel bandwidth for initial access procedure in NR unlicensed band at least in 5GHz scenario, which can re-use channel access design for LTE LAA as well as better co-exist with incumbent unlicensed systems. As illustrated in Fig. 1, if RMSI CORESET is multiplexed with SS/PBCH block in TDM manner, RMSI CORESET and RMSI PDSCH shall be confined within 20MHz channel bandwidth. For pattern 2 and 3 shown in Fig. 1, bandwidth of RMSI CORESET combined with SS/PBCH block shall be less or equal to 20MHz.
Proposal 6: The bandwidth of initial BWP shall be 20MHz for NRU in at least 5GHz unlicensed bands.

 Fig 1. Multiplexing pattern between SS/PBCH block and RMSI CORESET/PDSCH 


NR-U Physical RACH (PRACH)
Resource allocation of PRACH
In Rel-15 NR, gNB can semi-statically configure an association between one or multiple PRACH occasions/preambles and SS/PBCH block. A UE is provided a number of SS/PBCH blocks associated with one PRACH occasion by higher layer parameter. The value of higher layer parameter could be smaller or larger than one, which indicates one SS/PBCH block is mapped to multiple consecutive PRACH occasions, or vice versa. If many SS/PBCH blocks are mapped to one PRACH occasion, NR also supports a mapping from different SS/PBCH blocks to non-overlapping subsets of RACH preamble indices within one PRACH occasion.
Proposal 7: Semi-static resource allocation of PRACH supported in NR could be the baseline of resource allocation design of PRACH in NR-U.
On the other hand, extra time latency may be introduced to NR unlicensed random access procedure when semi-statically configured PRACH occasion is blocked due to LBT. Multiple PRACH periodicity are  supported in NR, which are 10, 20, 40, 80, and 160 ms. In case of LBT failure, a UE will not be able to transmit its PRACH signal and will have to wait until the next PRACH occasion. Large periodicities should then not be supported for NR-U to avoid further access latency due to LBT failure. When a UE’s UL is out of synchronization, gNB may force UE to initiate PRACH to re-synchronize with the network. Instead of waiting for the next configured PRACH occasion, extra transmission opportunities for PRACH could be dynamically scheduled via DCI to further reduce the access delay, which is beneficial to the UE with QoS requirements. 
Proposal 8: Dynamic scheduling of PRACH occasion via DCI shall be supported in NR-U.

LBT for NR-U PRACH
A LBT procedure should be performed before the UE is enabled to transmit its PRACH signal. This LBT can be either performed in the previous PUSCH slot before PRACH, or either at the beginning of the PRACH slot.  In the second option, NR-U PRACH formats should include a blank transmission region at the beginning of a PRACH slot. In LTE LAA, it was considered that a region for LBT is provided by not transmitting one or more OFDM symbols in a PRACH frame [2].
In LTE LAA, UE may perform CAT 2 LBT for transmission including PUSCH in subframe within a MCOT (Maximum Channel Occupancy Time) initiated by gNB. Similarly, CAT 2 LBT could be used for PRACH transmission when scheduled PRACH occasion lies within a MCOT. Otherwise, CAT 4 LBT may be adopted for PRACH transmission. Note that LBT class can be overridden by the latest group-common or UE-specific DCI, as an MCOT may be established/released by gNB. RRC connected UE could be configured by higher layer parameter for UL transmission timing adjustment, which makes UL transmissions from different UEs better aligned at the network side. When PUCCH is frequency multiplexed with PRACH, earlier PUCCH transmission before slot/subframe boundary may block PRACH transmission. Hence, a mechanism to handle this issue is required if frequency multiplexing of PUCCH and PRACH is supported in NR unlicensed.   
Proposal 9: Whether frequency multiplexing of PRACH and PUCCH is supported in NR-U shall be further studied.

RACH procedure 
Random access response
In NR, the UE expects to receive random access response (RAR) within a RAR time window after successful PRACH preamble transmission, which is determined by higher layer parameter. A RAR carries scheduling information of a PUSCH transmission from the UE (Msg3 PUSCH). If a UE does not detect the PDCCH with a corresponding RA-RNTI and a corresponding DL-SCH transport block within the time window, it retransmits the PRACH preamble. In unlicensed operation, the RAR transmission could be blocked due to LBT failure. Hence the RAR transmission of NR-U can be enhanced by introducing more RAR transmission occasions or flexible window duration.
Msg3 PUSCH
As discussed above, a UE will transmit Msg3 PUSCH according to the scheduling information indicated by the RAR. There is a minimum time requirement between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission for a UE. Due to the time duration limitation of MCOT and required time gap between RAR and Msg3, they may not be able to transmit within the same MCOT. In this case, 2-step triggered scheduling mechanism could be considered, i.e., Msg3 is triggered to transmit in the subsequent MCOT and the scheduling information of trigger DCI is indicated by RAR in the previous MCOT.
PDSCH with UE contention resolution identity
In response to an Msg3 PUSCH transmission, the UE attempts to detect a PDCCH with a corresponding TC-RNTI or C-RNTI scheduling a PDSCH that includes a UE contention resolution identity, and it transmits HARQ-ACK information in a PUCCH. Similar to RAR transmission discussed above, Msg4 could also be enhanced in the same manner for NR-U operation.
RACH latency
A 4-step RACH procedure is supported in NR, and the total time required for RACH procedure only depends on network’s scheduling and hardware capability. However, required time for RACH procedure may also depend on LBT results at both gNB and UE side. In case the resource allocated for RACH procedure is not in MCOT, LBT CAT 4 should be applied. The more LBT attempts required for RACH procedure, the more time may be needed for completing the whole RACH procedure. Moreover, the monitoring window of Msg2 and Msg4 should be extended considering the possibility of LBT failure. Therefore, RACH procedure with reduced latency should be considered in NR-U. 
Observation 1: RACH procedure with reduced latency from LBT should be considered.
Power ramping during RA procedure
In licensed band, power ramping is performed by UE during RA procedure if the corresponding RAR is not received within RAR window. However, this may not always be the case in unlicensed spectrum since the preamble transmission in the pre-configured RACH occasion may be blocked due to LBT failure. In this case, power ramping counter shall remain unchanged. Otherwise, it will degrade the system initial access performance by introducing more interference to other UEs which are transmitting preambles concurrently.
Proposal 10: Power ramping counter shall remain unchanged if preamble transmission fails due to LBT.

Conclusions
In this contribution, we mainly discuss SS/PBCH block transmission in both time and frequency domain, channel access mechanism for SS/PBCH block, PRACH design and procedure in NR unlicensed band. Based on the discussion, we have made the following observation and proposals:

[bookmark: _GoBack]Observation 1: RACH procedure with reduced latency from LBT should be considered.
Proposal 1: SS/PBCH block design for Rel-15 NR could be the baseline of design of SS/PBCH block in NR unlicensed band.
Proposal 2: SS/PBCH block time shifting in unlicensed band should be considered when LBT failure occurs.
Proposal 3: SS/PBCH block multiplexed with other physical channel/signal or itself in frequency domain can be considered to fulfill OCB requirement.
Proposal 4: SS/PBCH block with 60 KHz SCS should be considered for NR unlicensed operation.
Proposal 5: CAT 2 or CAT 4 LBT may be used by SS/PBCH block(s). The LBT class used for transmission could depend on the periodicity and the total time duration of the combined control signaling.
Proposal 6: The bandwidth of initial BWP shall be 20MHz for NRU in at least 5GHz unlicensed bands.
Proposal 7: Semi-static resource allocation of PRACH supported in NR could be the baseline of resource allocation design of PRACH in NR-U.
Proposal 8: Dynamic scheduling of PRACH occasion via DCI shall be supported in NR-U.
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