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1 Introduction
In RAN1 #99, the following agreements were made regarding the indexing SS/PBCH block for NR-U. 
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

Agreement:
The interpretation of ssb-PositionsInBurst in SIB1 or ServingCellConfigCommon is as follows:
· A bit set to 1 at position k (indexing starts at 1) indicates SS/PBCH block index k-1.
· The UE expects that a bit at position k > Q is set to 0 

The intention of this document is to identify the use cases of the indexes of SS/PBCH blocks for NR-U. The result of this discussion will provide a baseline for editors’ information. There is no intention for adoption of this document. 
2 Indexing of SS/PBCH Block
For the following identified use cases of “SS/PBCH block index” in Rel-15, RAN1’s consensus on its interpretation for NR-U is provided. 
· If the identified interpretation is “candidate SS/PBCH block index”, at least spec change of replacing “SS/PBCH block index” to “candidate SS/PBCH block index” is expected, when the specification of the corresponding spec for NR-U is developed.
· If the identified interpretation is “SS/PBCH block index”, no spec change of replacing the terminology “SS/PBCH block index” is expected, when the specification of the corresponding spec for NR-U is developed. If needed, the corresponding spec may need to be updated to be better aligned with RAN1’s intention. 
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	1
	38.211
	7.3.3.1
	Scrambling of PBCH
	
-	for ,  is the two least significant bits of the SS/PBCH block index


-	for  or ,  is the three least significant bits of the SS/PBCH block index
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “candidate SS/PBCH block index”  
	

	2
	38.211
	7.4.1.4.1
	DMRS sequence of PBCH
	



-	for , [image: ] where  is the number of the half-frame in which the PBCH is transmitted in a frame with  for the first half-frame in the frame and  for the second half-frame in the frame, and  is the two least significant bits of the SS/PBCH block index as defined in [5, TS 38.213]


-	for  or ,  where  is the three least significant bits of the SS/PBCH block index as defined in [5, TS 38.213]
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “candidate SS/PBCH block index”  
	

	3
	38.212
	7.1.1	
	PBCH payload generation
	
 are the 6th, 5th, and 4th bits of SS/PBCH block index, respectively.

	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “candidate SS/PBCH block index”  
	

	4
	38.212
	7.1.2	
	PBCH payload scrambling
	
while 

if  corresponds to any one of the bits belonging to the SS/PBCH block index, the half frame index, and 2nd and 3rd least significant bits of the system frame number
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “candidate SS/PBCH block index”  
	

	5
	38.212
	7.3.1.2.1
	Format 1_0
	SS/PBCH index – 6 bits. If the value of the "Random Access Preamble index" is not all zeros, this field indicates the SS/PBCH that shall be used to determine the RACH occasion for the PRACH transmission; otherwise, this field is reserved.
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”. 
	

	6
	38.213
	4.1
	Cell search
	




The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to . A UE determines the 2 LSB bits, for , or the 3 LSB bits, for , of a SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH. For , the UE determines the 3 MSB bits of the SS/PBCH block index per half frame from PBCH payload bits  as described in [5, TS 38.212].
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “candidate SS/PBCH block index”  
	

	7
	38.213
	5
	Radio link monitoring
	the UE is expected to perform RLM using the associated SS/PBCH block when the associated SS/PBCH block index is provided by RadioLinkMonitoringRS.


A UE can be configured for each DL BWP of a SpCell [11, TS 38.321] with a set of resource indexes, through a corresponding set of RadioLinkMonitoringRS, for radio link monitoring by failureDetectionResources. The UE is provided either a CSI-RS resource configuration index, by csi-RS-Index, or a SS/PBCH block index, by ssb-Index. The UE can be configured with up to  RadioLinkMonitoringRS for link recovery procedures, as decribed in Subclause 6, and for radio link monitoring.
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”. RAN1’s intention is, the UE is expected to perform RLM using candidate SS/PBCH block(s) with index(es) corresponding to SS/
PBCH block index provided by  RadioLinkMonitoringRS. The wording of “the associated SS/PBCH block” may need to be updated. 
	

	8
	38.213
	6
	Link recovery procedures
	

A UE can be provided, for each BWP of a serving cell, a set  of periodic CSI-RS resource configuration indexes by failureDetectionResources and a set  of periodic CSI-RS resource configuration indexes and/or SS/PBCH block indexes by candidateBeamRSList for radio link quality measurements on the BWP of the serving cell.


Upon request from higher layers, the UE provides to higher layers the periodic CSI-RS configuration indexes and/or SS/PBCH block indexes from the set  and the corresponding L1-RSRP measurements that are larger than or equal to the Qin,LR threshold. 

	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”. 
	

	9
	38.213
	7
	Uplink power control
	
If the UE is configured with a number of RS resource indexes, up to the value of maxNrofPUSCH-PathlossReferenceRSs, and a respective set of RS configurations for the number of RS resource indexes by PUSCH-PathlossReferenceRS, the set of RS resource indexes can include one or both of a set of SS/PBCH block indexes, each provided by ssb-Index when a value of a corresponding pusch-PathlossReferenceRS-Id maps to a SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when a value of a corresponding pusch-PathlossReferenceRS-Id maps to a CSI-RS resource index. The UE identifies a RS resource index  in the set of RS resource indexes to correspond either to a SS/PBCH block index or to a CSI-RS resource index as provided by pusch-PathlossReferenceRS-Id in PUSCH-PathlossReferenceRS





If the UE is provided a number of RS resource indexes, the UE calculates  using RS resource with index , where .  is a size for a set of RS resources provided by maxNrofPUCCH-PathlossReferenceRSs. The set of RS resources is provided by pathlossReferenceRSs. The set of RS resources can include one or both of a set of SS/PBCH block indexes, each provided by ssb-Index in PUCCH-PathlossReferenceRS when a value of a corresponding pucch-PathlossReferenceRS-Id maps to a SS/PBCH block index, and a set of CSI-RS resource indexes, each provided by csi-RS-Index when a value of a corresponding pucch-PathlossReferenceRS-Id maps to a CSI-RS resource index. The UE identifies a RS resource in the set of RS resources to correspond either to a SS/PBCH block index or to a CSI-RS resource index as provided by pucch-PathlossReferenceRS-Id in PUCCH-PathlossReferenceRS







 is a downlink pathloss estimate in dB calculated by the UE using RS resource index  as described in Subclause 7.1.1 for the active DL BWP of serving cell  and SRS resource set  [6, TS 38.214]. The RS resource index  is provided by pathlossReferenceRS associated with the SRS resource set  and is either a ssb-Index providing a SS/PBCH block index or a csi-RS-Index providing a CSI-RS resource index

	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”.
	There could be  more occurances in subsections, with the same interpretation. 

	10
	38.213
	8
	Random access procedure
	Prior to initiation of the physical random access procedure, Layer 1 receives from higher layers a set of SS/PBCH block indexes and provides to higher layers a corresponding set of RSRP measurements.

	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”.
	

	11
	38.213
	8.1
	Random access preamble
	For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is indicated by ra-ssb-OccasionMaskIndex which indicates the PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected SS/PBCH block index.

The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. 



	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”.
	

	12
	38.213
	9.2.2
	PUCCH Formats for UCI transmission
	


A spatial setting for a PUCCH transmission is provided by PUCCH-SpatialRelationInfo if the UE is configured with a single value for pucch-SpatialRelationInfoId; otherwise, if the UE is provided multiple values for PUCCH-SpatialRelationInfo, the UE determines a spatial setting for the PUCCH transmission as described in [11, TS 38.321]. The UE applies corresponding actions in [11, TS 38.321] and a corresponding setting for a spatial domain filter to transmit PUCCH in the first slot that is after slot  where  is the slot where the UE would transmit a PUCCH with HARQ-ACK information with ACK value corresponding to a PDSCH reception providing the PUCCH-SpatialRelationInfo and  is the SCS configuration for the PUCCH
-	If PUCCH-SpatialRelationInfo provides ssb-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a SS/PBCH block with index provided by ssb-Index for a same serving cell or, if servingCellId is provided, for a serving cell indicated by servingCellId 
-	else if PUCCH-SpatialRelationInfo provides csi-RS-Index, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a CSI-RS with resource index provided by csi-RS-Index for a same serving cell or, if servingCellId is provided, for a serving cell indicated by servingCellId
-	else PUCCH-SpatialRelationInfo provides srs, the UE transmits the PUCCH using a same spatial domain filter as for a transmission of a SRS with resource index provided by resource for a same serving cell and/or active UL BWP or, if servingCellId and/or uplinkBWP are provided, for a serving cell indicated by servingCellId and/or for an UL BWP indicated by uplinkBWP
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”.
	

	13
	38.213
	10.1
	UE procedure for determining physical downlink control channel assignment
	If a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in Subclause 13, and the UE is provided a C-RNTI, the UE monitors PDCCH candidates only at monitoring occasions associated with a SS/PBCH block, where the SS/PBCH block is determined by the most recent of 
-	a MAC CE activation command indicating a TCI state of the active BWP that includes a CORESET with index 0, as described in [6, TS 38.214], where the TCI-state includes a CSI-RS which is quasi-co-located with the SS/PBCH block, or 
-	a random access procedure that is not initiated by a PDCCH order that triggers a contention-free random access procedure

	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”. 
	

	14
	38.213
	13
	Type0-PDCCH CSS
	













For the SS/PBCH block and CORESET multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots starting from slot . For SS/PBCH block with index , the UE determines an index of slot  as  located in a frame with system frame number (SFN)  satisfying  if  or in a frame with SFN satisfying  if .  and  are provided by Tables 13-11 and 13-12, and  based on the SCS for PDCCH receptions in the CORESET [4, TS 38.211]. The index for the first symbol of the CORESET in slots  and  is the first symbol index provided by Tables 13-11 and 13-12.

	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “candidate SS/PBCH block index”  
	

	15
	38.215
	5.1.1
	SS reference signal received ower (SS-RSRP)
	SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.

	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”.
	

	16
	38.331
	6.3.2
	ssb-Index
	The IE SSB-Index identifies an SS-Block within an SS-Burst. See TS 38.213 [13], clause 4.1.
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”.
	This intepretation applies to all the occasions where the corresponding RRC parameter show up. 


	17
	38.331
	6.3.2
	ssb-ToMeasure
	The set of SS blocks to be measured within the SMTC measurement duration. The first/leftmost bit corresponds to SS/PBCH block index 0, the second bit corresponds to SS/PBCH block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS/PBCH block is not to be measured while value 1 indicates that the corresponding SS/PBCH block is to be measured (see TS 38.215 [9]). When the field is not configured the UE measures on all SS blocks. Regardless of the value of this field, SS/PBCH blocks outside of the applicable smtc are not to be measured. See TS 38.215 [9] clause 5.1.1.
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”.  RAN1’s understanding is, for NR-U, a bit set to 1 at position k (indexing starts at 1) in the bitmap indicates SS/PBCH block index k-1. A UE can derive the time domain positions of the candidate SS/PBCH blocks based on this bitmap. From a value 0 at position k in the bitmap, the UE can derive the candidate SS/PBCH block(s) with index corresponding to the SS/PBCH block index k-1 are to be measured, while from a value 1 at position k in the bitmap, the UE can derive the candidate SS/PBCH block(s) with index corresponding to the SS/PBCH block index k-1 are to be measured .
	This intepretation applies to all the occasions where the corresponding RRC parameter show up. 


	18
	38.331
	6.3.2
	ssb-PositionsInBurst in ServingCellConfigCommon

	Indicates the time domain positions of the transmitted SS-blocks in a half frame with SS/PBCH blocks as defined in TS 38.213 [13], clause 4.1. The first/ leftmost bit corresponds to SS/PBCH block index 0, the second bit corresponds to SS/PBCH block index 1, and so on. Value 0 in the bitmap indicates that the corresponding SS/PBCH block is not transmitted while value 1 indicates that the corresponding SS/PBCH block is transmitted. The network configures the same pattern in this field as in the corresponding field in ServingCellConfigCommonSIB.
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”. RAN1’s understanding is, for NR-U, a bit set to 1 at position k (indexing starts at 1) in the bitmap indicates SS/PBCH block index k-1. A UE can derive the time domain positions of the potentially transmitted candidate SS/PBCH blocks in a  discovery burst transmission window based on this bitmap. From a value 0 at position k in the bitmap, the UE can derive the candidate SS/PBCH block(s) with index corresponding to the SS/PBCH block index k-1 are not transmitted, while from a value 1 at position k in the bitmap, the UE can derive the candidate SS/PBCH block(s) with index corresponding to the SS/PBCH block index k-1 are potentially transmitted. 
Also, for NR-U, the UE expects that a bit at position k > Q is set to 0, and the number of actually transmitted SS/PBCH blocks equal to the number of value 1 in the bitmap. 
The network configures the same pattern in this field as in the corresponding field in ServingCellConfigCommonSIB.
	This intepretation applies to all the occasions where the corresponding RRC parameter show up. 



	19
	38.331
	6.3.2
	ssb-PositionsInBurst in ServingCellConfigCommonSIB

	Time domain positions of the transmitted SS-blocks in an SS-burst as defined in TS 38.213 [13], clause 4.1.
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”. RAN1’s understanding is, for NR-U, a bit set to 1 at position k (indexing starts at 1) in the bitmap indicates SS/PBCH block index k-1. A UE can derive the time domain positions of the potentially transmitted candidate SS/PBCH blocks in a  discovery burst transmission window based on this bitmap. From a value 0 at position k in the bitmap, the UE can derive the candidate SS/PBCH block(s) with index corresponding to the SS/PBCH block index k-1 are not transmitted, while from a value 1 at position k in the bitmap, the UE can derive the candidate SS/PBCH block(s) with index corresponding to the SS/PBCH block index k-1 are potentially transmitted. 
Also, for NR-U, the UE expects that a bit at position k > Q is set to 0, and the number of actually transmitted SS/PBCH blocks equal to the number of value 1 in the bitmap.  
.
	This intepretation applies to all the occasions where the corresponding RRC parameter show up. 


	20
	38.213
	8.1
	SSB-to-RO mapping
	SS/PBCH block indexes provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are mapped to valid PRACH occasions in the following order where the parameters are described in [4, TS 38.211].
-	First, in increasing order of preamble indexes within a single PRACH occasion
-	Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
-     Fourth, in increasing order of indexes for PRACH slots
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”.
	

	21
	38.213
	10
	UE procedure for receiving control information
	For monitoring of a PDCCH candidate in a slot
-	If the UE has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SIB1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.
	When the corresponding specification for NR-U is developed, the terminology for indexing SS/PBCH block should use “SS/PBCH block index”. RAN1’s intention is, for both bullets, the at least one RE for determining the UE not required to monitor the PDCCH candidate is RE corresponding to candidate SS/PBCH block with index corresponding to  a SS/PBCH block index provided by ssb-PositionsInBurst. 
	

	22
	38.214
	5.1.4
	PDSCH resource mapping
	When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 0, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.
When receiving the PDSCH scheduled with SI-RNTI and the system information indicator in DCI is set to 1, RA-RNTI, P-RNTI or TC-RNTI, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.
A UE expects a configuration provided by ssb-PositionsInBurst in ServingCellConfigCommon to be same as a configuration provided by ssb-PositionsInBurst in SIB1.
When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCHs with SPS, the REs corresponding to the configured or dynamically indicated resources in Subclauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted. 
A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.
	RAN1’s intention is, the UE assumes SS/PBCH block transmission according to candidate SS/PBCH block index(es) corresponding to SS/PBCH block index(es) provided by ssb-PositionsInBurst. 
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	38.331
	5.2.2.3.2
	SSB-to-PDCCH for OSI
	The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes.

	When the corresponding specification for NR-U is developed,  the terminology of “number of transmitted SSBs” is  according to the number of value 1 in the bitmap  ssb-PositionsInBurst in ServingCellConfigCommonSIB, wherein a bit set to 1 at position k (indexing starts at 1) in the bitmap indicates SS/PBCH block index k-1, and the UE expects that a bit at position k > Q is set to 0, as described in Row 19. 
	

	24
	38.304
	6
	SSB-to-PDCCH for Paging
	When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB.
	When the corresponding specification for NR-U is developed,  the terminology of “number of transmitted SSBs” is  according to the number of value 1 in the bitmap  ssb-PositionsInBurst in ServingCellConfigCommonSIB, wherein a bit set to 1 at position k (indexing starts at 1) in the bitmap indicates SS/PBCH block index k-1, and the UE expects that a bit at position k > Q is set to 0, as described in Row 19. 
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