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1 Introduction
In RAN1#96-98bis meetings, the following agreements related to initial access enhancement for NR-U procedure have been made.
Agreement at RAN1#96 meeting
Agreement:
· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported

· FFS: 

o
Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario

o
Reporting of a new medium contention/load metric other than channel occupancy

o
Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum

Agreement:
· 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

o
Alt1: The PBCH DMRS sequence index is also the same

o
Alt2: The PBCH DMRS sequence index may be different

o
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

Agreement:
· 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.

o
FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window

o
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.

o
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

Agreement at RAN1#96bis meeting
Agreement:
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.

Agreement:
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.

Agreement:
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).

Agreement at RAN1#97 meeting
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

Agreement at RAN1#98bis meeting
Agreement:
For purposes of SSB QCL derivation, the following values of Q are supported: {1, 2, 4, 8}.

· FFS: Further down-selection of allowed values.

Conclusion 
The maximum number of PBCH DMRS sequences used in a cell is unchanged from Rel-15 (=8).

· The number of PBCH DMRS sequences used in a cell is independent of Q.

Agreement:
The 3 LSB bits of the SSB candidate position index are represented by the PBCH DMRS sequence index.

Agreement:
For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SS/PBCH blocks within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE

· A is the PBCH DMRS sequence index.

· Note: This agreement extends a prior agreement for serving cells on QCL relation between SS/PBCH blocks to neighbour cells

Agreement:
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present

· Note: Q may be always known depending on where Q is signalled. This aspect is to be discussed further.

Agreement at RAN1#98bis meeting
Agreement:
If 2 bits can be found to not be necessary in the current MIB, then Parameter Q is indicated in the MIB by a serving cell. Otherwise, Q is indicated in the RMSI.
Agreement:
· No further down selection is made for set of Q values, i.e., Q = {1,2,4,8} (resolves FFS of prior agreement on Q values)

· UE does not expect to be configured with two Type-0 PDCCH monitoring occasions in a slot with Q=1.

· Note: This does not imply a change in Rel-15 behavior for Type-0 PDCCH monitoring in two consecutive slots.

· Note: This agreement does not imply any changes to Rel-15 PDCCH monitoring requirements on BD/CCE limits per slot

· RAN4 requirements for SSB detection during initial cell search should be defined assuming Q = 8. This assumption does not have any other specification impact.

· Include this agreement in an LS to RAN4 asking them to take this into account. The LS should also provide an overview on the definition of Q.

In this contribution, we discuss on the initial access enhancement for DRS transmission.
2 NR SS/PBCH block transmission within DRS transmission window
2.1 DRS transmission

According to previous agreements, NU-U have already supported 15 kHz and 30 kHz SCS for 5GHz and 6GHz band, respectively. For NR SSB transmission within DRS transmission widow, NR-U should configure additionally 3 new parameters Y, Q, X, where Y is the maximum number of candidate SSB positions within a DRS transmission window, Q is the number of actually transmitted SSBs, X is the maximum number of transmitted SSBs, respectively. Additionally, modulo(A,Q) mapping have been adopted to align UE-detected SSB candidate position index with actual SSB index.

In NR-U, up to 8 SSBs could be transmitted under 6GHz within 5ms DRS transmission window. However the number of actually transmitted SSBs depends on the LBT failure/result. So, if X with 8 is configured for 15 kHz and 30 kHz SCS, the duration of DRS burst set transmission will be 4ms and 2ms, respectively. According to TR 38.889, Cat-2 LBT is used for DMRS transmission only if the total DRS duty cycle in DRS burst set period is less than 1/20, the DRS burst set duration is up to 1ms. Therefore, X value up to 2/4 for 15/30 kHz could be supported, to keep the burst set duration less than 1ms. For other cases, Cat-4 LBT could be adopted for DRS transmission. In this case, X value could be 8 for 15 kHz and 30 kHz SCS.
Proposal 1: The maximum number of actual transmitted SSBs within a DRS transmission window, X, should be

· 2/4 for 15/30 kHz in the case of LBT Cat-2
· 8 for 15/30 kHz in the case of LBT Cat-4
2.2 Transmission opportunity for SS/PBCH block
The maximum number of candidate SSB positions in a DRS transmission window with maximum 5ms duration, Y, is 10/20 for 15/30 kHz SCS, respectively. Under the give Q, Y and LBT result, DRS transmission opportunity depends on the shift granularity and the shift granularity of DRS transmission is affected by the LBT cycle. Assuming that two DRS transmissions within a slot are supported, half a slot for DRS transmission could be used as the minimum position shift granularity in time domain.
Considering the multi-beam or beam sweeping based SSB/DRS transmission in NR-U, the opportunity of channel occupation can’t be guaranteed based on fixed slot designation due to the LBT failure. So SSB block related to initial access, beam management as well as RRM measurements may be blocked depending on LBT success/failure. The skip of SSB block transmission due to the LBT failure may make some additional delay for initial access and performance degradation of various measurement procedures, so we need to enhance the SSB block transmission procedure to cope with LBT failure. 

 In previous meetings, few approaches have already been proposed in previous meetings based on acquiring new time-domain candidates for SSB transmissions. It is expected that the introduction of the additional SSB block positions in time-domain will show the some benefits about the increase channel access probability and reduction of channel access delay. One possible approach will be cyclical shifting (or cyclical wrapping) to provide additional SSB positions within SSB transmission window as depicted in Fig. 1 considering implementation complexity, time delay and signalling overheads.

[image: image1.emf]0 1 2 3

1 2 3 0

3 0 1 2

SSB index

LBT fails

SSB index transmission candidates


Fig1. An Example of S/PBCH block transmission using cyclic mapping
The additional positions of SSB transmission around end of the SSB burst set will minimizes the time gap among SSBs without any modification to existing NR SSB block design. The cyclical wrapping method can be implemented by transmitting dropped SSB(s) around the end of the SSB burst set. In this case, UE may need some information signalled by PBCH/RMSI/RRC in order to recognize the cyclically shifted SSB positions. 
In multiple SSB transmission case (i.e. multi-beam based SSB transmission, beam-sweeping based SSB transmission), consecutive SSB transmissions will be occurred. In this case, the cyclical wrapping method starts SSB transmission at the next available transmission candidate but the order of actual transmitted SSB index may not change. Moreover, SSB index of first transmitted SSB within SSB burst set depend on LBT success or failure unlike NR SSB transmission. Assuming that 4 consecutive SSB transmission is configured for NR-U, Fig. 1 shows that first SSB indices of actual transmitted SSB have 0,1,3 receptively depending on LBT results.
Proposal 2: Supporting consecutive SSB transmission, cyclically wrapped SSB transmission can be considered to cope with LBT failure within DRS transmission window.
3 Conclusion

In this contribution, we discussed initial access in NR-U. Our proposals are given as follows:
Proposal 1: The maximum number of actual transmitted SSBs within a DRS transmission window, X, should be

· 2/4 for 15/30 kHz in the case of LBT Cat-2
· 8 for 15/30 kHz in the case of LBT Cat-4
Proposal 2: Supporting consecutive SSB transmission, cyclically wrapped SSB transmission can be considered to cope with LBT failure within DRS transmission window.
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