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In RAN1#96 and RAN1#96bis meetings, the following agreements were made regarding the initial access procedure and DRS design for NR in unlicensed spectrum: 
Agreements from RAN1#96 [1]:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30 kHz SCS and 96 RBs for 15 kHz SCS.

· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows
· Alt1: The PBCH DMRS sequence index is also the same
· Alt2: The PBCH DMRS sequence index may be different
· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows

· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure

Agreements from RAN1#96bis [2]:
· Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U

· Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot

· The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.

· For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows.

· UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).

In this document, we discuss initial access aspects related to DRS transmission and random access in unlicensed spectrum motivated by the opportunistic channel access characteristic of an unlicensed carrier. This document is updated from R1-1905685.
DRS transmission and frame timing acquisition
In this section, details on SS/PBCH block burst transmission, frame timing acquisition, and indication of transmitted SS/PBCH blocks for rate-matching purpose are discussed. 
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 desirable that the max. 8 SSBs of a DRS burst are transmitted on consecutive 8 SSB candidate positions out of 10 or 20 SSB candidate positions. In LTE LAA, a UE may assume a discovery signal occasion may occur in any subframe within a discovery signals measurement timing configuration. Similarly, a starting SSB candidate position of the DRS burst may be flexibly selected from 10 or 20 SSB candidate positions of a DRS transmission window subject to gNB’s Listen-Before-Talk (LBT) in each DRS transmission window. According to RAN1#96 agreements, a UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows. Therefore, in case that gNB’s LBT success is too late to transmit the entire DRS burst in the DRS transmission window, gNB only can transmit a part of the DRS burst which maintains QCL relation across DRS transmission windows.
Proposal 1: A DRS burst consists of 8 consecutive SSB candidate positions. Within a DRS burst of a given cell, gNB semi-statically configures the number of actually transmitted SSBs (e.g. 1-8) and positions of the actually transmitted SSBs. 
Proposal 2: The starting SSB candidate position of a DRS burst changes in each DRS transmission window subject to LBT.
Observation 1: If gNB’s LBT success is too late to transmit the entire DRS burst in the DRS transmission window, gNB only can transmit a part of the DRS burst which maintains QCL relation across DRS transmission windows. 
Frame timing acquisition and indication of transmitted SS/PBCH blocks
With the max. 8 SSBs within a DRS burst, the modulo operation of a SSB candidate position index by 8, i.e. {0, 1, …, 7}, can be indicated via selection of a PBCH DM RS sequence (i.e. the DM RS sequence generator is initialized at the start of each SSB occasion based on the value obtained by the operation (a SSB candidate position index) mod 8). This allows UE to perform DRS based mobility measurements and reporting by only detecting PSS/SSS and PBCH DMRS without decoding PBCH in RRC connected mode.
Proposal 3: Modulo operation of a SSB candidate position index by 8, i.e. {0, 1, …, 7}, can be indicated via selection of a PBCH DM RS sequence. Re-use the Rel-15 PBCH DM RS sequences.
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, it may be necessary to indicate a UE a start timing of the DRS burst with respect to a start timing of 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.   
Proposal 4: Support indication of a start timing of a DRS burst within a DRS transmission window in PBCH.
According to TS 38.212, Rel-15 NR PBCH includes 3 bits used for the three most significant bits of the SSB candidate position index (if there are 64 SSB candidate positions) and 1 bit indicating half frame timing information. 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. 
Assuming 10 and 20 candidate SSB positions for 15KHz SCS and 30 KHz SCS, respectively, a UE can determine the timing within a half-frame based on PBCH DMRS sequences and information carried in PBCH payload (4 bits from Rel-15 timing information bits in PBCH and 1 bit from Rel-15 CORESET#0 SCS indication in MIB). The PBCH DMRS sequence index is cyclically mapped to candidate SSB positions according to the maximum allowed number of actually transmitted SSBs (i.e. X= 8). The 4 bits (for 15KHz SCS) or 5 bits (for 30KHz SCS) in PBCH payload carries information of the start timing of the DRS burst within the half-frame. Since a slot index only within a half-frame is known to the UE, initialization of the pseudo-random sequence generator for SIB1 PDSCH DM RS sequence can be based on an associated SSB candidate position index instead of based on the slot index within a frame. 
Furthermore, half-frame timing information of the DRS transmission window can be included in SIB1. As long as periodicity of the DRS transmission window is multiple of 10ms, the half-frame timing information of the DRS transmission window is semi-static. In addition, the 1-bit half-frame timing indication value in SIB1 is same for all transmitted SSBs within the DRS transmission window and accordingly, the SIB1 payload does not change across SSBs of the SSB burst. This allows the UE to combine SIB1 PDSCHs associated with multiple SSBs for improved demodulation performance. 
Finally, 8-bit bitmap indicating the actually transmitted SSBs within the 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 the SSB candidate positions with actual SSB transmission based on the 8-bit bitmap indicating the actually transmitted SSBs within the DRS burst and the start timing of the DRS burst indicated in PBCH. 
Observation 2: One additional bit which was used for indicating the subcarrier spacing of CORESET0 in Rel-15 NR PBCH becomes available for indicating the timing information. 
Proposal 6: UE determines the timing within a half-frame based on PBCH DMRS sequences and information carried in PBCH payload (4 bits from Rel-15 timing information bits in PBCH and 1 bit from Rel-15 CORESET#0 SCS indication in MIB). The 4 bits (for 15KHz SCS) or 5 bits (for 30KHz SCS) in PBCH payload carries information of the start timing of the DRS burst within the half-frame. 
Proposal 7: Half-frame timing information of a DRS transmission window is included in SIB1 for 30KHz SCS, where the periodicity of the DRS transmission window is multiple of 10ms.
Proposal 8: 8-bit bitmap indicating the actually transmitted SSBs within the DRS burst can be included in SIB1.
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 9: 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 10: 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 and random access procedure in NR-U:
Proposal 1: A DRS burst consists of 8 consecutive SSB candidate positions. Within a DRS burst of a given cell, gNB semi-statically configures the number of actually transmitted SSBs (e.g. 1-8) and positions of the actually transmitted SSBs. 
Proposal 2: The starting SSB candidate position of a DRS burst changes in each DRS transmission window subject to LBT.
Observation 1: If gNB’s LBT success is too late to transmit the entire DRS burst in the DRS transmission window, gNB only can transmit a part of the DRS burst which maintains QCL relation across DRS transmission windows. 
Proposal 3: Modulo operation of a SSB candidate position index by 8, i.e. {0, 1, …, 7}, can be indicated via selection of a PBCH DM RS sequence. Re-use the Rel-15 PBCH DM RS sequences.
Proposal 4: Support indication of a start timing of a DRS burst within a DRS transmission window in PBCH.
Observation 2: One additional bit which was used for indicating the subcarrier spacing of CORESET0 in Rel-15 NR PBCH becomes available for indicating the timing information. 
Proposal 6: UE determines the timing within a half-frame based on PBCH DMRS sequences and information carried in PBCH payload (4 bits from Rel-15 timing information bits in PBCH and 1 bit from Rel-15 CORESET#0 SCS indication in MIB). The 4 bits (for 15KHz SCS) or 5 bits (for 30KHz SCS) in PBCH payload carries information of the start timing of the DRS burst within the half-frame. 
Proposal 7: Half-frame timing information of a DRS transmission window is included in SIB1 for 30KHz SCS, where the periodicity of the DRS transmission window is multiple of 10ms.
Proposal 8: 8-bit bitmap indicating the actually transmitted SSBs within the DRS burst can be included in SIB1.
Proposal 9: 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 10: 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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