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1	Introduction
In the previous meeting, RAN4 #93, the following as listed as FFS. RAN4 93
FFS whether PBCH reading is required for SSB index identification in FR1 for NR-U




In this document we discuss whether it is needed to read the PBCH to identify the SSB index in FR1 for NR-U, based on the latest RAN1 agreements, listed below:RAN1 97
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

RAN1 98 
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:
The following bits of the PBCH payload (not MIB) are used for serving cell timing determination within a frame in addition to the PBCH DMRS sequence index as agreed earlier:
·  for 15 kHz SCS, and   and  for 30 kHz SCS
·  (the half-frame bit as in Rel-15)



RAN1 99 
Agreement:
RAN1 recommends the following terminology to be used consistently across RAN1 (and RAN2/RAN4) specifications for operation with shared spectrum channel access:
· “SS/PBCH block index” can be expressed as modulo(PBCH DMRS sequence index, Q) or modulo(Candidate SS/PBCH block index, Q)
Note: These two modulo operations yield the same result and which index should be applied depends on the specific scenario
Note: This is applicable for cases in the specification where “SS/PBCH block” instead of “SS/PBCH block index”
· “Candidate SS/PBCH block index” within a DRS transmission window was previously agreed in RAN1
· Include this agreement in an LS to RAN2/RAN4



In this document, we discuss the FFS from last RAN4 meeting, in light of the relevant RAN1 agreements.
[bookmark: _Hlk7682270]2	Discussion
[bookmark: _GoBack]One difference between NR and NR-U is the need to perform the listen-before-talk (LBT) procedure in unlicensed frequency bands, which can cause the transmission to be blocked in case the channel is already occupied, situation referred to as LBT failure in this document. In order to be robust to LBT failure when sending SS/PBCH block (SSB) in NR-U, RAN1 has agreed that there will be multiple opportunities for sending the SSB, within a Discovery Reference Signal (DRS) Transmission window.  Within this DRS Tx window, beams can be cycled to maximize the probability of sending the SSBs even under LBT failures.
In order to implement this, RAN1 has defined in addition to the already existing SSB index, the term “Candidate SS/PBCH block index”. An example of the relationship between SSB index and the candidate SS/PBCH block index, is shown in the figure below. RAN1 has also defined the parameter Q which represents the maximum number of beams to be cycled. Q=4 in the example in Fig. 1, while the number of SSB candidate positions in the example is equal to 10 (SCS = 15 kHz). From the figure, different SSB candidate position indexes can lead to the same SSB index. For example, SSB index 0, can be sent in the candidate SSB positions 0, 4 or 8, depending on the LBT result
[image: ]Figure 1 - Relationship between SSB index and Candidate SSB index



Per RAN1 agreements, the SSB index can be recovered by using the DMRS sequence index, as modulo(PBCH DMRS sequence index, Q); an alternative way is by using the candidate SSB position index, as modulo(Candidate SS/PBCH block index, Q), but this means either that the UE is aware of the cell timing or the UE reads the PBCH payload to recover the candidate SSB index (see observation 2). Both ways should result in the same SSB index. Additionally, since in FR1 above 3 GHz, the number of beams is limited to maximum 8, the PBCH DMRS sequence index provides all information necessary for recovering the SSB index.
In NR-U, the SSB index can be fully identified by using the PBCH DMRS sequence index.
For recovering the candidate SSB index, RAN1 defined a new mechanism which, in addition to the DMRS sequence index, also uses bits from the PBCH payload. This mechanism is similar to what is originally used in Rel-15 FR2 for identifying the SSB index. However, it should be clarified that for NR-U, this mechanism is used for serving cell timing determination within a frame, and not for the SSB index identification. In NR-U, the candidate SSB index can be identified by using the PBCH DMRS sequence index and bits from the PBCH payload.
At this point it is important to distinguish when the SSB index identification is necessary, and when the candidate SSB index identification is necessary. In a similar way to NR Rel 15, the SSB index identification is necessary for determining the QCL relation between beams sent in different measurement windows. Per RAN1 agreement, we have that:
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.

For the determination of the QCL relation between SSBs between beams sent within or across measurement windows, the UE is not required to decode the PBCH payload. 
In TS 38.133, the purpose of identifying the SSB index is to enable the UE to report SSB based RRM measurement result with the associated SSB index, as follows in the excerpt from clause 9.3.4: 
When measurement gaps are provided, or the UE supports capability of conducting such measurements without gaps, the UE shall be able to identify a new detectable inter frequency cell within Tidentify_inter_without_index if UE is not indicated to report SSB based RRM measurement result with the associated SSB index (reportQuantityRsIndexes or maxNrofRSIndexesToReport is not configured). Otherwise UE shall be able to identify a new detectable inter frequency cell within Tidentify_inter_with_index. The UE shall be able to identify a new detectable inter frequency SS block of an already detected cell within Tidentify_inter_without_index.
Tidentify_inter_without_index = (TPSS/SSS_sync_inter + T SSB_measurement_period_inter) ms
Tidentify_inter_with_index = (TPSS/SSS_sync_inter + T SSB_measurement_period_inter + TSSB_time_index_inter) ms
In TS 38.133, the only requirements based on the SSB index acquisition period are related to SSB based RRM reporting. For the purpose of RRM measurements, only the SSB index is needed. 
The UE is not required to report the measurements based on the candidate SSB index. 
Additionally, in RAN4 #93 [1], RAN4 has agreed on the extension of the SSB time index identification period to account for LBT failures during the procedure. Since decoding the PBCH payload is not required to be read for SSB based RRM measurements, we propose the following: 
RAN4 has already discussed the SSB time index identification period, which was extended to account for LBT failures.
RAN4 to confirm the agreements in RAN4 #93, and not specify any additional time for PBCH payload decoding during the SSB index identification






3 Conclusion
In this document, we discussed the SSB index identification in NR-U. The following summarizes the proposals and the observations in this document:
1. In NR-U, the SSB index can be fully identified by using the PBCH DMRS sequence index.
For recovering the candidate SSB index, RAN1 defined a new mechanism which, in addition to the DMRS sequence index, also uses bits from the PBCH payload. This mechanism is similar to what is originally used in Rel-15 FR2 for identifying the SSB index. However, it should be clarified that for NR-U, this mechanism is used for serving cell timing determination within a frame, and not for the SSB index identification. In NR-U, the candidate SSB index can be identified by using the PBCH DMRS sequence index and bits from the PBCH payload.
For the determination of the QCL relation between SSBs between beams sent within or across measurement windows, the UE is not required to decode the PBCH payload. 
In TS 38.133, the only requirements based on the SSB index acquisition period are related to SSB based RRM reporting. For the purpose of RRM measurements, only the SSB index is needed. 
The UE is not required to report the measurements based on the candidate SSB index. 
RAN4 has already discussed the SSB time index identification period, which was extended to account for LBT failures.
1. RAN4 to confirm the agreements in RAN4 #93, and not specify any additional time for PBCH payload decoding during the SSB index identification
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