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Introduction
The following agreements were made on initial access and mobility for NR unlicensed operations in RAN1#94bis [1]:

	
Agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission

Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
· Frequency-domain enhancement
· Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Time-domain enhancements
· For connected mode UE, scheduling of PRACH resources via DCI. 
· Triggered PRACH within TXOP can use a new resource
· For idle mode UE, scheduling of PRACH resources via paging
· Note: potential inefficiency in network resource due to paging across multiple cells
· Additional, new RACH resources are used immediately following detection of DRS transmission
· Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
· Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· FFS: How to handle potential multiple RARs to same UE
· Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the DMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the DMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different




In this contribution, we further discuss the issues associated with initial access and mobility for NR unlicensed operations. 
Discussions
SSB transmissions within DRS transmission window
In NR, a burst of SSBs, called SSB burst set, is transmitted within a half frame. The transmission patterns of the candidate SSBs within a burst of SSBs within a half frame are predefined in the specs according to the SSB subcarrier spacings, which are predefined per band. A UE knows the SSB transmission patterns for a band in which the UE searches for the SSBs.  
For NR, the transmission periodicity of the half frame with SSB burst set can be configured with the periodicity of {5, 10, 20, 40, 80, 160} ms, as shown in Figure 1. The PBCH within the SSB is the first channel for the UE to decode after the detection of PSS/SSS of the SSB. NR PBCH carries a part of the minimum system information required for the UE to access the system, including the MIB. MIB is transmitted with the TTI of 80 ms and with the repetitions within TTI. MIB contains the parameters that are needed to acquire RMSI. RMSI, which has the TTI of 160ms, contains the parameters that are needed to acquire OSI.
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Figure 1. Illustration of NR SSB Transmission Patterns

In NR-U operation, the transmission opportunities of the SSB and RMSI transmission may be smaller than the configured transmission periodicity due to LBT failure. Thus, there is a need to compensate for the loss of the transmission opportunities of the SSB and RMSI. 

In RAN1#94bis, the following agreement was made:

	Agreement:(RAN1#94bis)
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission




The issue due to the loss of the transmission opportunities of the SSB and RMSI within DRS transmission window can be compensated by increasing the candidate SSB positions within DRS transmission window. When the candidate SSB positions within DRS transmission window for FR1 is increased from NR L=8 to NR-U L=64, the DRS transmission window will be enlarged correspondingly. NR SSB transmission window is always limited within a half-frame. When the same SSB transmission pattern is used for NR-U operation, the NR-U DRS transmission window will be {4, 2, 1} frames when the SSB subcarrier spacing ={15, 30, 60}kHz.  

In order to derive frame timing from detected SS/PBCH block, the transmitted SSB needs to carry the index that indicate the candidate SSB position within the frame. Assume Y=64, then for SSB subcarrier spacing ={15, 30, 60}kHz, {4, 5, 6} bits are required to represent for the SSB position in a frame, assuming the same NR SSB transmission pattern defined in a half-frame is re-used for NR-U operation. The maximum number of transmitted SSBs can be limited 8.  Within the DRS transmission window, since the transmitted SSBs do not overlap. Given that maximum number of transmitted SSBs is [X]<=8, it seems no special benefits to support beam repetition for soft combining of SSBs.

Proposal 1: For SSB transmissions as part of DRS:
· The maximum number of candidate SSB positions within DRS transmission window can be up to 64;
· The same NR SSB transmission pattern defined for L=8 can be re-used for NR-U operation;  
· For SSB subcarrier spacing ={15, 30, 60}kHz, {4, 5, 6} bits are used to represent for the SSB position in a frame;
· The maximum number of transmitted SSBs is 8;
· The pattern for candidate SSB positions defined in NR is extended to NR-U operation. The duration of the DRS transmission will be {4, 2, 1} frames when the SSB subcarrier spacing ={15, 30, 60}kHz;
· For simplicity, there is no need to support beam repetition for soft combining of SSBs within the same DRS transmission.

LBT during NR-U PRACH Procedure
In RAN1#93, the following agreement was made:

	Agreement:
The following modifications to initial access procedures are beneficial
· …
· 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




The 4-step random access procedure is currently supported for NR licensed operation, which includes: 
· Msg1: UE transmits a random access preamble sequence on PRACH (Msg1)
· Msg2: BS transmits a random access response (RAR) on the PDCCH/PDSCH back to UE (Msg2)
· Msg3: UE transmits a message on the PUSCH channel in response to Msg2
· Msg4: BS transmits a message on PDSCH with the contention resolution
For Msg1 transmission, NR Rel-15 has adopted very flexible design for PRACH resource configurations. In general, the network should be able to find a suitable PRACH configuration that provides adequate PRACH opportunities with a targeting LBT failure rate within the PRACH configuration period for supporting the NR-U PRACH operation. There seems no compelling reason to modify the PRACH resource configurations for NR-U operation. In addition, NR Rel-15 PRACH resource configurations are currently already quite complicated, and we should avoid changing the current configurations unless absolutely necessary.
Observation 1: NR Rel-15 PRACH resource configurations for Msg1 transmission is very flexible. Modification of the NR Rel-15 PRACH resource configurations for NR-U operation should be avoided unless absolutely necessary.
[bookmark: _Hlk505324461]From gNB side, when it detects a PRACH preamble, it transmits RAR with the DL beam based on the association between the SSB and the RO that the UE selected for Msg1 transmission. In UE side, after sending Msg1, the UE attempts to detect RAR from gNB in respond to the transmitted Msg1 within a window provided by higher layer parameter ra-ResponseWindow. If for any reason, the UE does not successfully detect the Msg2 corresponding to the transmitted Msg1, e.g., the UE does not detect the DCI format 1_0 with the CRC scrambled by the corresponding RA-RNTI from the CORESET#1 for Type1-PDCCH CSS, or do not identify the RAPID associated with the transmitted Msg1, the UE may re-transmit the Msg1. For NR-U operation, gNB needs to perform the LBT first before it can send the RAR in respond to Msg1. If LBT fails, the transmission of the RAR may be delayed. It is highly desirable in this situation to prevent the UE from retransmitting the Msg1 since gNB already received the Msg1.

Observation 2: LBT failure may cause the delay in responding to Msg1. It is highly desirable to prevent the UE from retransmitting the Msg1 under this situation.

Configuring larger ra-ResponseWindow to account for the LBT failure may help in reducing the probability that the UE retransmits Msg1 due to the delay caused LBT failure. On the other hand, the  ra-ResponseWindow cannot be configured too large. Otherwise, this approach may potentially cause larger delays for the case that gNB actually does not receive the Msg1.

Observation 3: The configuration of ra-ResponseWindow needs to consider both the LBT failure and the gNB failed in receiving the Msg1.
In NR operation in licensed spectrum, after receiving RAR, the UE transmits an UL-SCH in a Msg3 PUSCH scheduled by a RAR grant.  Retransmissions, if any, of the UL-SCH in a Msg3 PUSCH are scheduled by a DCI format 0_0 with CRC scrambled by a TC-RNTI provided in the corresponding RAR message [11, TS 38.321]. If in the slot [image: ] a UE receives a PDSCH with a RAR message for a corresponding preamble transmission from the UE, the UE transmits a Msg3 PUSCH in the slot [image: ], where [image: ] is provided in TS 38.214. 

The issue with NR-U is that the UE may not be able to transmit an UL-SCH in a Msg3 PUSCH scheduled by a RAR grant if LBT fails. How to handle the case needs further careful investigation.

In response to a Msg3 PUSCH transmission when a UE has not been provided with a C-RNTI, the UE attempts to detect a DCI format 1_0  with CRC scrambled by a corresponding TC-RNTI scheduling a PDSCH that includes a UE contention resolution identity. In response to the PDSCH reception with the UE contention resolution identity, the UE transmits HARQ-ACK information in a PUCCH. The PUCCH transmission is within a same active UL BWP as the Msg3 PUSCH transmission. The minimum time between the last symbol of the PDSCH reception and the first symbol of the corresponding HARQ-ACK information transmission is specified in TS 38.213. For NR-U operation, the response time needs again take into the consideration of the LBT.

Observation 4: The response time between messages during PRACH procedure in NR-U operation are all impacted by the LBT process.

Proposal 2: The response time between PRACH messages during the PRACH procedure in NR-U operation should be defined based on the response times between PRACH messages during the PRACH procedure defined in NR operation with additional consideration of the failure of LBT.  

Conclusion
In this contribution, we further discussed the issues associated with initial access and mobility for NR unlicensed operations. Based on the discussion, the following proposals were made:
Proposal 1: For SSB transmissions as part of DRS:
· The maximum number of candidate SSB positions within DRS transmission window can be up to 64;
· The same NR SSB transmission pattern defined for L=8 can be re-used for NR-U operation;  
· For SSB subcarrier spacing ={15, 30, 60}kHz, {4, 5, 6} bits are used to represent for the SSB position in a frame;
· The maximum number of transmitted SSBs is 8;
· The pattern for candidate SSB positions defined in NR is extended to NR-U operation. The duration of the DRS transmission will be {4, 2, 1} frames when the SSB subcarrier spacing ={15, 30, 60}kHz;
· For simplicity, there is no need to support beam repetition for soft combining of SSBs within the same DRS transmission.

Proposal 2: The response time between PRACH messages during the PRACH procedure in NR-U operation should be defined based on the response times between PRACH messages during the PRACH procedure defined in NR operation with additional consideration of the failure of LBT.  
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