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1 Introduction
From the RAN1#96 to RAN1#98bis meeting, there was a discussion on initial access and mobility procedure for NR-U operation and the followings were agreed [1]-[4].
	Agreement at RAN1#96 meeting
· 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 at RAN1#96 meeting
· 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 at RAN1#96 meeting
· 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
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 at RAN1#96bis meeting
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 at RAN1#96bis meeting
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
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 at RAN1#97 meeting
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#98 meeting
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 at RAN1#98 meeting:
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 at RAN1#98 meeting
The 3 LSB bits of the SSB candidate position index are represented by the PBCH DMRS sequence index.
Agreement at RAN1#98 meeting
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 at RAN1#98 meeting
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:
Support configuration of the DRS transmission window duration of a UE’s serving cell(s)
· DRS transmission window periodicity is the same as the configuration of SSB burst periodicity
· Note: RAN4 performance requirements depending on the DRS transmission window size, e.g., RRM, will assume a DRS transmission window size of 5 ms



In this contribution, we discuss SS/PBCH block reception in DRS transmission window and SS/PBCH block transmission to provide equal transmission opportunities for each SS/PBCH block index across different DRS transmission windows considering LBT failure for SS/PBCH transmission.

2 Discussion 
On SS/PBCH block reception due to LBT failure 
Similar to DRS in LTE-LAA having multiple opportunities within a configured DMTC window, it was agreed that multiple SS/PBCH block transmission opportunities can set up within DRS transmission window, i.e., 5ms  for NR-U operation. The transmission opportunity for maximum L SS/PBCH blocks can be repeatedly allowed to the next slots for the SS/PBCH block transmission due to LBT failure within a given DRS transmission window for SS/PBCH block. From the UE’s perspectives, it may be assumed that the UE receives the same SS/PBCH block index once in multiple opportunities within a given DRS transmission window from one SS/PBCH block burst set to the next SS/PBCH block burst set.
· Proposal 1: From the UE’s perspectives, a UE can assume to receive the same SS/PBCH block index once in multiple opportunities within a given DRS transmission window from one SS/PBCH block burst set to the next SS/PBCH block burst set.
Also, the UE assumes that DRS transmission periodicity should be 20ms for initial access similar to SS/PBCH block reception in Rel-15 NR. The periodicity 40ms similar to the DRS in LTE-LAA can be further considered to make the Cat-2 LBT possible prior to DRS transmission within 1ms and the network can configure flexibly one value within a set of multiple of 40ms for measurement purpose.

On SS/PBCH block transmission to provide equal transmission opportunity for each SS/PBCH block index across different DRS transmission windows
During NR-U study item phase, it was discussed to determine how SS/PBCH block transmissions are performed after LBT success. Several alternatives have been identified the shift granularity for candidate time domain SS/PBCH block positions/candidate groups of SS/PBCH blocks, duration of DRS transmission window, and duration of the transmitted DRS within the window including SS/PBCH blocks and other multiplexed signals/channels. One of alternatives is to cyclically wrap around the SS/PBCH block index dropped due to LBT failure at the end of the burst set transmission.
This alternative seems to be advantageous due to the fact that SS/PBCH blocks with the same SS/PBCH block index can be assumed to be QCL-ed as same as in NR Rel-15 and also it may not be necessary to specify the QCL assumption within a given time window. However, mapping fixed SSB block index into multiple candidate SS/PBCH block locations over different turn-around time window cycle results in unequal number of opportunities for SS/PBCH block transmissions, depending on the SS/PBCH block indices over a longer term. Therefore, we propose to consider SS/PBCH block transmissions with equal transmission opportunities for each SS/PBCH block indices over consecutive turn-around time window cycles. Figure 1-(a) and 1-(b) exemplify the 30kHz subcarrier spacing for SS/PBCH block transmissions (e.g. L=8) with equal transmission opportunities over multiple of 5ms given DRS transmission time windows. Also, Figure 1-(a) and 1-(b) show how to make the equal TX opportunities for each SS/PBCH block indices over multiple DRS TX time windows. To achieve this, we propose re-ordering methods for the SS/PBCH block indices between 2 different DRS TX windows by using a block-shifted order or a reverse order. It seems beneficial in terms of having the same transmission opportunities for each SS/PBCH block index as well as no ambiguity of SS/PBCH index at the candidate SS/PBCH block locations, i.e., SS/PBCH blocks with the same SS/PBCH block index can be assumed to be QCL-ed as same as in NR Rel-15. In addition, considering the fact that the LBT attempt always starts from the first slot in a given window for SS/PBCH block transmission, it may be further considered that a mapping between the candidate position and the actually transmitted SS/PBCH block indexes is performed in reverse order of SS/PBCH block index from the x-th to the (x+1)-th time window as shown in Figure 1-(b). 
· Proposal 2: We propose to consider SS/PBCH block transmissions with equal transmission opportunities for each SS/PBCH block indices over consecutive DRS transmission time windows.
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(a) Mapping of shifted order between candidate SS/PBCH block location index and actually transmitted SS/PBCH block index in a different time window cycle
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(b) Mapping of reverse order between candidate SS/PBCH block location index and actually transmitted SS/PBCH block index in a different time window cycle
Figure 1. Under the cyclic wrapping around, SS/PBCH block transmissions as equal transmission opportunity as possible over different turn-around time window cycle

Conclusion
In this contribution, we have discussed SS/PBCH block reception in DRS and SS/PBCH block transmission to provide equal transmission opportunities for each SS/PBCH block index across different DRS transmission windows. We summarize our view as follows. 
· Proposal 1: From the UE’s perspectives, a UE can assume to receive the same SS/PBCH block index once in multiple opportunities within a given DRS transmission window from one SS/PBCH block burst set to the next SS/PBCH block burst set.
· Proposal 2: We propose to consider SS/PBCH block transmissions with equal transmission opportunities for each SS/PBCH block indices over consecutive DRS transmission time windows.
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