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In RAN1#97 meeting, RAN1 made the following agreements regarding the initial access procedure for NR in unlicensed spectrum [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:
LBT category for msg 3 initial transmission is provided to the UE in RAR

Agreement:
Reply to the RAN2 LS informing them of the following:
· RAN1 has made the following agreement which facilitates COT sharing between Msg2 and Msg3:
· LBT category for msg 3 initial transmission is provided to the UE in RAR
· Multiple msg3 tx opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 perspective but there is no consensus at this time in RAN1 to support this. RAN1 will continue discussions on the support of multiple msg3 tx opportunities.

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

Agreement:
For SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window.
· Note: This implies that the SSB-based RLM-RS cannot fall outside the measurement window 
· FFS: Whether and how DRS transmission window is configured to the UE

In this document, we discuss initial access aspects related to DRS transmission, radio link monitoring, and random access in unlicensed spectrum, taking into account the opportunistic channel access characteristic of an unlicensed carrier.
DRS related issues
In this section, we discuss details on SS/PBCH block (SSB) burst transmission and indication of transmitted SSBs. A UE can use the indication of the transmitted SSBs for reception of other signals/channels in a DRS transmission window and measurement purposes. 
SS/PBCH block burst transmission 
In unlicensed band, gNB should be able to transmit DRS quickly within a channel occupancy time (COT). Thus, it is desired for gNB to perform SSB transmissions within “Q consecutive SSB candidate positions” (called as a DRS burst) out of Amax (e.g. 10 or 20) SSB candidate positions, where Q is the maximum allowed number of SSB transmissions in a DRS transmission window. 
If the maximum allowed number of SSB transmissions within a DRS transmission window is large (e.g. 8), gNB can utilize narrow beams with a higher beamforming gain for SSB transmissions, which leads to potential coverage expansion. On the other hand, a larger number of SSB transmissions within the DRS transmission window may cause frequent dropping of some SSB transmissions due to Listen-Before-Talk (LBT) and channel access procedures, unless a large number of SSB candidate positions are provisioned in a system. Considering that NR-U supports up to 10/20 SSB candidate positions for 15 KHz/30KHz SCS of SSBs, supporting the max 4 SSB transmissions within a DRS transmission window would be a good choice. This is a design choice taking into account a tradeoff between coverage expansions from beamforming gains and ensuring consistent spatial coverage by reducing a chance to drop some of SSB transmissions.  
Similar to the Rel-15 NR SSB burst transmission, it should be supported that gNB semi-statically selects one or multiple SSB candidate positions within a DRS burst for actual SSB transmissions. Further, gNB should be allowed to start the DRS burst in any SSB candidate position out of Amax SSB candidate positions subject to LBT for minimizing SSB transmission delay. However, since a UE may assume QCL relation between SSBs detected on SSB candidate positions of the same value of modulo(A, Q), A = 0, 1, …, Amax-1 across DRS transmission windows, gNB would determine which SSB from actually to-be-transmitted SSBs to transmit at the beginning of the DRS burst based on a SSB candidate position where the DRS burst starts. 
As illustrated in Figure 1, depending on the starting SSB candidate position of the DRS burst, gNB may not be able to complete transmission of all intended SSBs within a DRS transmission window. In this case, configuring an opportunistically occurring auxiliary DRS transmission window for additional DRS transmission opportunities would be beneficial to guarantee consistent spatial coverage. If a UE could not detect a suitable SSB (e.g. a SSB configured as RLM-RS or a SSB for which RSRP measurement is above a threshold value) in a periodically occurring DRS transmission window, the UE may attempt SSB detection and measurements in a following auxiliary DRS transmission window.  


[bookmark: _Ref16830667]Figure 1 Example of DRS transmissions with an auxiliary DRS transmission window 
Observation 1: As for selecting the Q value (the maximum allowed number of SSB transmissions in a DRS transmission window), there is a tradeoff between coverage expansions and ensuring consistent spatial coverage. 
Proposal 1: Q is defined as 4. That is, the max. 4 consecutive SSBs can be transmitted within a DRS transmission window. 
Proposal 2: For a given cell, gNB semi-statically configures the number of actually transmitted SSBs (e.g. 1-4) and positions of the actually transmitted SSBs within a DRS burst (i.e. Q consecutive SSB candidate positions), similar to Rel-15.  
Proposal 3: A DRS burst can start in any SSB candidate position out of Amax (e.g. 10 or 20) SSB candidate positions subject to LBT.
Observation 2: A SSB transmitted at the beginning of a DRS burst is dependent on a SSB candidate position where the DRS burst starts.
Proposal 4: In order to reduce missed SSB transmissions due to LBT/CCA, support to configure an auxiliary DRS transmission window, which occurs only if gNB could not complete transmission of all intended SSBs within a periodically occurring DRS transmission window.
Indication of transmitted SS/PBCH blocks
Considering that other DL signal and channel transmission locations (e.g. CSI-RS, SIB1) within a DRS transmission window are determined based on a DRS burst location within the DRS transmission window, a UE may need to know a start timing of the DRS burst within the DRS transmission window. Furthermore, for rate-matching purpose, it is necessary to indicate to the UE SSB candidate positions with actual SSB transmissions. However, in unlicensed spectrum, the SSB candidate positions with the actual SSB transmissions are determined dynamically subject to LBT and accordingly, that information may not be suitable to be included in SIB1. Thus, it would be better to include the start timing information of the DRS burst within the DRS transmission window as a physical layer payload of PBCH.   
According to agreements in RAN1#97, a UE determines a SSB candidate position index of a detected SSB within a DRS transmission window by 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 that were used for indicating a SSB index in the Rel-15 PBCH payload. Once the UE identifies the SSB candidate position index of the detected SSB and receives an indication of a starting SSB of a DRS burst, the UE can determine a set of SSB candidate positions for the DRS burst (including a starting SSB candidate position of the DRS burst). For example, with the max. 4 SSBs, 2 bits in PBCH can indicate which SSB out of 4 SSBs the DRS burst starts with. 
According to RAN1#96 agreements, CORESET0 and SSBs in a carrier have the same subcarrier spacing. Thus, one additional bit used for indicating the subcarrier spacing of CORESET0 in Rel-15 NR PBCH becomes available for indicating the timing information. Thus, gNB can accommodate 2 bit indication of a starting SSB of a DRS burst by using 1 bit from Rel-15 indication of subcarrier spacing in MIB and 2 bits/1bit (for 15 kHz SCS/30 kHz SCS) from Rel-15 indication of a SSB index, without changing the size of PBCH payload.
Finally, 4-bit bitmap (for Q=4) indicating actually transmitted SSBs within a DRS burst can be included in SIB1, where the actually transmitted SSBs within the DRS burst are semi-statically configured in a cell. The UE can determine SSB candidate positions with actual SSB transmissions, based on the 4-bit bitmap in SIB1 indicating the actually transmitted SSBs within the DRS burst, an indication of a starting SSB of the DRS burst in PBCH, and a SSB candidate position index of a detected SSB in PBCH.

Proposal 5: 4-bit bitmap indicating actually transmitted SSBs within a DRS burst is included in SIB1.
Observation 3: Once identifying a SSB candidate position index of a detected SSB and receiving an indication of a starting SSB of a DRS burst, a UE can determine a set of SSB candidate positions for the DRS burst.
Observation 4: In PBCH, 1 bit from Rel-15 indication of subcarrier spacing in MIB and 2 bits/1bit (for 15 kHz SCS/30 kHz SCS) from Rel-15 indication of a SSB index become available for indicating the timing information. 
Proposal 6: Support 2-bit indication of a starting SSB of a DRS burst in PBCH of an unlicensed carrier that has the same payload size as Rel-15 PBCH. 
Radio link monitoring in unlicensed spectrum
In unlicensed spectrum, a UE may fail to detect RLM-RS because of two different reasons: poor radio conditions (e.g. channel blocking and/or strong interference from a hidden node in unlicensed spectrum), or missed RLM-RS transmission from gNB due to LBT and CCA. Therefore, if the UE considers that a radio link quality of an undetected RLM-RS is worse than the threshold Qout,, irrespective of whether the undetected RLM-RS has been transmitted or not in a given RLM measurement period, unnecessary RLF declaration may occur from missed SSB transmissions.
In order to avoid frequent RLF declarations in unlicensed spectrum, the UE can consider that the radio link quality of the undetected RLM-RS is worse than the threshold Qout, only if the UE determines that the undetected RLM-RS has been transmitted (e.g. based on information obtained from decoding a PBCH of a detected SSB). If the UE is not able to determine whether the undetected RLM-RS has been transmitted or not, or if the UE determines that the undetected SSB has not been transmitted, the UE considers that the radio link quality of the undetected RLM-RS is neither better than the threshold Qin nor worse than the threshold Qout. 
Proposal 7: A UE considers that a radio link quality of an undetected RLM-RS is worse than the threshold Qout, only if the UE determines that the undetected RLM-RS has been transmitted.
Random access in unlicensed spectrum
Msg 1
In Standalone NR-U case, the UE may need to perform CBRA e.g. to ask for UL resources, for beam failure recovery, handover without dedicated resources etc. In the unlicensed operation, due to a failed CCA it may take longer time to complete the RACH procedure and thereby the latency of the procedure that initiated the RACH will be higher. This could be detrimental to the overall performance of the UE. 

Further, a UE may or may not have PRACH configured in the current BWP. When it needs to send PRACH (Msg1) with CCA, if necessary, may or may not succeed. Therefore, to increase the transmission diversity of Msg1 it is proposed that the UE performs CCA on other configured BWP(s) as well and perform Msg1 transmission on whichever BWP can be accessed. This may imply changing the UL Active BWP.
Proposal 8: A UE may perform CCA/LBT on any configured BWP for PRACH transmission. If necessary, the UL Active BWP is changed to a BWP where CCA/LBT succeeded.
Msg 2 / RAR
The Grant transmitted in Msg 2 for Msg 3 includes a timing offset, i.e. it indicates a specific time slot in which the UE is to transmit Msg 3. The successful reception of Msg 3 may fail (from the gNB’s perspective) due to the following reasons:
1. The UE was not able to detect Msg 2 successfully, caused by noise or interference by (e.g. hidden) nodes; or
2. The UE was not able to access the channel for Msg 3 transmission in the indicated time slot due to LBT failure (unsuccessful CCA); or
3. The gNB was not able to detect Msg 3 successfully, caused by noise or interference by (e.g. hidden) nodes.
Following the HARQ procedure implies a delay, caused by the additional round-trip time of transmitting the HARQ retransmission request by gNB, and the following retransmission by the UE – both of which may suffer additional delay caused by the required LBT procedure for both these transmissions. Multiple transmission occasions for RACH Msg 3 may alleviate the transmission restrictions imposed by LBT and delay caused by Msg 3 retransmissions according to the HARQ protocol.
Proposal 9: Support granting multiple Msg 3 transmission occasions in Msg 2 to alleviate the transmission restrictions imposed by LBT and delay caused by Msg 3 retransmissions according to the HARQ protocol.
Proposals
We propose the followings for DRS transmission, RLM, and random access procedure in NR-U:
Observation 1: As for selecting the Q value (the maximum allowed number of SSB transmissions in a DRS transmission window), there is a tradeoff between coverage expansions and ensuring consistent spatial coverage. 
Proposal 1: Q is defined as 4. That is, the max. 4 consecutive SSBs can be transmitted within a DRS transmission window. 
Proposal 2: For a given cell, gNB semi-statically configures the number of actually transmitted SSBs (e.g. 1-4) and positions of the actually transmitted SSBs within a DRS burst (i.e. Q consecutive SSB candidate positions), similar to Rel-15.  
Proposal 3: A DRS burst can start in any SSB candidate position out of Amax (e.g. 10 or 20) SSB candidate positions subject to LBT.
Observation 2: A SSB transmitted at the beginning of a DRS burst is dependent on a SSB candidate position where the DRS burst starts.
Proposal 4: In order to reduce missed SSB transmissions due to LBT/CCA, support to configure an auxiliary DRS transmission window, which occurs only if gNB could not complete transmission of all intended SSBs within a periodically occurring DRS transmission window.
Proposal 5: 4-bit bitmap indicating actually transmitted SSBs within a DRS burst is included in SIB1.
Observation 3: Once identifying a SSB candidate position index of a detected SSB and receiving an indication of a starting SSB of a DRS burst, a UE can determine a set of SSB candidate positions for the DRS burst.
Observation 4: In PBCH, 1 bit from Rel-15 indication of subcarrier spacing in MIB and 2 bits/1bit (for 15 kHz SCS/30 kHz SCS) from Rel-15 indication of a SSB index become available for indicating the timing information. 
Proposal 6: Support 2-bit indication of a starting SSB of a DRS burst in PBCH of an unlicensed carrier that has the same payload size as Rel-15 PBCH. 
Proposal 7: A UE considers that a radio link quality of an undetected RLM-RS is worse than the threshold Qout, only if the UE determines that the undetected RLM-RS has been transmitted.
Proposal 8: A UE may perform CCA/LBT on any configured BWP for PRACH transmission. If necessary, the UL Active BWP is changed to a BWP where CCA/LBT succeeded.
Proposal 9: Support granting multiple Msg 3 transmission occasions in Msg 2 to alleviate the transmission restrictions imposed by LBT and delay caused by Msg 3 retransmissions according to the HARQ protocol.
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