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1	Introduction
This contribution relates email discussion [101bis#41][NR] on SSB and Cell relationship, which aims to establish a common understanding regarding the relation between cell and SSB for idle and connected UEs.
2	Background
The relationship between cells and SSB has already been discussed in RAN2 on a number of occasions and the following agreements were made:
-	For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB') [RAN2#99bis].
-	Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell [RAN2#99bis].
-	Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency) [RAN2#99bis].
-	The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated) [RAN2#99bis].
-	RAN2 understand that the SSB of the cell where Idle/inactive UE camps is the cell defining SSB [2018 01 Adhoc].
In addition, at RAN2#101bis meeting, the following discussions took place:
	R2-1804610	TP to 38.300 on Cell-Defining SSB 	MediaTek Inc.	discussion
-	ZTE think we need some text on cell defining SSB. Wonder what is the reference between cell ID and SSBs in a wideband carrier.
=>	Offline discussion produce appropriate text for stage 2 to describe the cell defining SSB. CR to 38.300 to be provided in R2-1806384 (CR# to be provided by MCC,) (Offline discussion #22, MediaTek)

R2-1806384	CR to TS38.300 for CD-SSB	MediaTek	CR	Rel-15	38.300	NR_newRAT-Core	0023	F

[101bis#xx][NR] SSB and Cell relationship (ZTE)
	Establish a common understanding regarding the relation between cell and SSB for idle and connected UEs. Draft TP to stage 2 to ensure clarity of the specifications.
	Intended outcome: Report and draft TP to next meeting
	Deadline:  Thursday 2018-05-10




	R2-1804370	Clarification on the Cell ID for wideband carrier with multiple SSBs	ZTE, Sanechips	discussion	Rel-15	NR_newRAT-Core
-	Intel think we need to think from the UE perspective - if they are configured the same are they considered as the same cell or different cells. Think they should be different cells from UE point of view.
-	Ericsson think the wideband carrier with multiple SSBs is from the network perspective. 
-	Qualcomm also wonder about the L2 cell identity.
-	MediaTek think we also need to consider the BWP operation. 
-	LG assume whatever is decided we should not change agreements about SI reception connect mode.

Proposal 1: RAN2 is kindly asked to confirm whether the same Cell ID is allowed for the multiple SS Blocks within the wideband carrier.

Proposal 2: LS should be sent to RAN3 to indicate that when operating on a wideband carrier:
−	From the perspective of RAN2, each SS Block associated with the corresponding RMSI can be modelled as individual cells broadcast with different information both in the Idle/Inactive state and CONNECTED state;
−	From the perspective of RAN2, the multiple SS Blocks within the wideband carrier can be allowed to be associated with different individual Cell IDs;
−	From RAN2 perspective, whether the multiple SS Blocks within the wideband carrier associated with the same or different Cell IDs has no impact on RAN2 procedure (Note: this bullet depends on the confirmation of Propsoal1 and should be revised correspondingly);

Agreements
1	From the network perspective, if RMSI is provided for different SSBs (with same or different PCIs) in a wideband carrier then the RMSI associated with the different SSBs will have different CGIs. (i.e. they are potentially cell defining SSBs)
FFS: Whether this has any consequence for system information reception in connected mode. 
2	Reconfirm that there can be different SSBs within a wideband carrier from the network perspective. These SSBs can have the same or different PCIs. From the UE perspective, for RRM purposes the different SSBs (irrespective of PCI) are considered as different cells (i.e. different MOs are considered as different cells from UE perspective)
=>	FFS point to be discussed offline
=>	Draft LS to RAN3 to inform them of our agreements to be provided in R2-1806390 (Offline discussion #27, ZTE)


R2-1806390	[DRAFT] LS on different CGIs for different SSBs	ZTE	LS out	Rel-15	To:RAN3	NR_newRAT-Core
=>	Start second para with " RAN2 agreed that different SSBs with RMSI define different individual cells "
=>	Remove " RAN2 would also like to highlight that, for a UE in Connected state, the overall bandwidth of the cell defined by a given SSB can be different (larger) than the "Initial Bandwidth Part" associated to the SSB. "
=>	Revised in R2-1806491

R2-1806491	[DRAFT] LS on different CGIs for different SSBs	ZTE	LS out	Rel-15	To:RAN3	NR_newRAT-Core
=>	Remove " in a PLMN "
=>	Approved in R2-1806503




The RAN2 LS R2-1806503 reads the following:
	RAN2 discussed the implications of the agreement that there can be multiple SS/PBCH blocks (SSBs) within a carrier, which can have the same or different PCI.
RAN2 agreed that different SSBs with RMSI define different individual cells (regardless of whether the same or different PCI is used) characterized by different Cell Global Identifiers (CGIs), which are globally unique. 
RAN2 would also like to highlight that, for a UE in RRC Connected, the radio resources used by the cell accessed by the UE via a given SSB might overlap in the frequency domain with the radio resources of other cells accessed via other SSBs within a carrier.
RAN2 invites RAN3 to take this into account where needed, e.g. for Xn and F1 procedures.




3	Discussion
3.1	Terminology
Firstly, it is important to agree on a common terminology. 3GPP TS 38.300 refers to “synchronization signal and PBCH block”, 3GPP TS 38.211 refers to “SS/PBCH block”, 3GPP TS 38.133 defines SSB as “SS/PBCH block as defined in TS 38.211” and both 3GPP TS 38.331 and 38.133 develops the SSB acronym as “Synchronization Signal Block”. In other words, SSB contains both synchronisation signals (PSS and SSS) and PBCH (with DRMS). But neither 3GPP TS 38.211 nor 3GPP TS 38.133 refer to “cell-defining SSB”; only 3GPP TS 38.331describes the following: 
[bookmark: _Hlk505296607]FrequencyInfoDL ::= 				SEQUENCE {
-- Frequency of the SSB to be used for this serving cell. The frequency provided in this field identifies the position of resource element RE=#0 (subcarrier #0) of resource block RB#10 of the SS block. The cell-defining SSB of an SpCell is always on the sync raster. Frequencies are considered to be on the sync raster if they are also identifiable with a GSCN value (see 38.101).

ssbFrequency: Indicates the frequency of the SS associated to this MeasObjectNR. For cell defining SSB, it will be located on the sync raster.
In addition, R2-1806384 tentatively suggested to define cell-defining SSB as the SSB with an RMSI associated. So, if a definition of cell-defining SSB (or CD-SSB for short) were to be introduced, the following alternatives would emerge:
-	SSB on the sync raster;
-	SSB with an RMSI associated;
-	SSB signalled in ServingCellConfigCommon;
While these definitions might not be mutually exclusive, their applicability depends on the context in which they are used. 3GPP TS 38.331 uses SSB for the following:
1. Idle and Inactive (e.g. sb-SubcarrierOffset in MIB, e.g. frequencyOffsetSSB in SIB1);
2. BFR (e.g. BFR-SSB-Resource in BeamFailureRecoveryConfig);
3. CSI Measurement Configuration (e.g. csi-SSB-ResourceSet in CSI-AssociatedReportConfigInfo);
4. CSI Measurement Reporting (e.g. e.g. ssb-Index-RSRP in reportQuantity);
5. Intra/Inter-Frequency Measurements Configuration (e.g. ssbFrequency in MeasObjectNR);
6. Intra/Inter-Frequency Measurement Reporting (e.g. resultsSSB-Cell in MeasResultNR);
7. SCG Failure Reporting (e.g. e.g. ssbFrequency in MeasResultSCG-Failure);
8. PUCCH Configuration and Power Control (e.g. ssb-Index in PUCCH-SpatialRelationInfo);
9. PUSCH Power Control (e.g. ssb-Index in PUSCH-PathlossReferenceRS);
10. RACH Configuration (e.g. ssb-perRACH-OccasionAndCB-PreamblesPerSSB and CFRA-SSB-Resource);
11. SRS Configuration (e.g. ssb-Index in pathlossReferenceRS);
12. RLM (e.g. ssb-Index in RadioLinkMonitoringRS);
13. Cell Configuration (e.g. ssb-PositionsInBurst in ServingCellConfigCommon).
For a definition to be agreeable, it needs to cover all possible cases. Let us review the different configurations and whether the corresponding SSB can either be on the sync raster, associated with an RMSI, signalled in ServingCellConfigCommon or can be any other SSB. For each of the cases above, companies are invited to express their views on what SSB type can be used. The goal is to establish a common understanding regarding possible restrictions i.e. identify the cases where the UE needs to know what kind of SSB it handles, or the cases where only one type of SSB can be used. Once those restrictions are identified, a definition should be easy to agree on.

	Question 1: For IDLE and INACTIVE, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes
	Yes
	NA
	No
	The SSB for cell search and cell (re)selection shall be on sync raster, and associated with RMSI. 

	Qualcomm
	Yes
	Yes
	N/A
	No
	For IDLE and INACTIVE UE, we think that the RAN1 definition of cell defining SSB can be directly applied, i.e. cell defining SSB is located in sync raster and has associated with RMSI

	ZTE
	Yes (*)
	Yes (*)
	N/A
	No (*)
	In Idle/Inactive, UEs only consider "SSBs on the Sync raster AND with RMSI" (and not SSBs on the Sync raster OR with RMSI (*)). As per RAN2 agreement at RAN2#101bis, SSBs with an associated RMSI define unique cells, with their own unique NCGI. Note that in our understanding this applies regardless of whether the SSB is on the Sync raster, i.e. there can be SSBs off the Sync raster with an associated RMSI, defining cells (with their own NCGI) which can only be used in Connected. 
The term "cell-defining SSB" could be introduced to refer to an SSB with an associated RMSI (to identify SSBs that define cells both in Idle/Inactive and Connected) or, alternatively, to refer to an SSB on the Sync raster AND with an associated RMSI (to only identify SSBs that define cells in Idle/Inactive). However, we also think it's possible to live without introducing the term "cell-defining SSB" at all.

	Intel
	Yes
	Yes
	No
	No
	Idle mode operation requires the SSB to be on sync raster to be searchable. 

	Huawei, HiSilicon
	Yes
	Yes
	NA
	No
	The SSB for neighbour cells broadcast in system information should also be on sync raster.

	Nokia
	Yes for Initial Cell Selection
	Yes
	N/A
	No
	For initial cell selection, the SSB needs to be on the Sync Raster but it does not seem necessary otherwise (or cells for idle mode would seem to few) e.g. in connected mode the UE could be redirected to non sync raster cell at release and/or SIB could point towards inter-freq neighbours not located on the sync raster.

	Ericsson
	Yes
	Yes
	NA
	No
	

	ITRI
	Yes
	Yes
	N/A
	No
	The SSB with RMSI on Sync. Raster could be used for IDLE and INACTIVE mode UE to camp this cell if it is not barred.
The SSB without RMSI on the Sync Raster can be regarded as a cell with barred (bar bit in MIB) by Idle/inactive mode UE. (e.g., NSA Cell in EN-DC)

	OPPO
	YES
	YES
	NO
	NO
	For idle and inactive mode UE, the “cell-defining SSB” cell should be visible. The idle/inactive UE only can associate this kind of SSB and can perform access based on the initial BWP configured in the RMSI.
For the neighbour cell, the measurement and cell selection/reselection for the idle/inactive UE is also based on the CD-SSB.

	Samsung
	Yes
	Yes
	NA
	No
	Idle/Inactive mode UE requires SSB with RMSI on the Sync Raster.



	Question 2: For BFR, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	No
	The SSB in active BWP is used for BFR. The SSB is configured by dedicated signalling. From UE aspect, UE doesn’t need to differentiate whether the SSB is on/off sync raster and whether it is associated with RMSI or not. 

	Qualcomm
	Applicable: PCell.

not necessary for PSCell and SCell
(if BFR in SCell is agreed)

	Applicable: PCell.

not necessary for PSCell and SCell (if BFR in SCell is agreed)

	Yes (for CONNECTED UE)
	No
(only the SSB whose frequency is indicated in frequencyInfoDL of ServingCellConfigCommon can be used)
	· Note that RAN2 made the following agreement that only CD-SSB can be used for BFR/BFD:
RAN2 understand that SSB based BM, BFD and RLM can only be configured for BWP which overlaps with the CD-SSB. For a BWP which doesn't overlap with the CD-SSB, BM, BFD and RLM can only be configured based on CSI-RS. We will not change this for Rel-15.
· MAC has not concluded whether/how BFR is performed in SCell. 
· As shown below: RAN1 has agreed that SSB of PCell is always in sync raster, but SSB of PSCell and SCell may not be in sync raster:
Agreements (RAN1#92 for PCell and SCell):
· For reception of cell defining SSB from the target PCell, frequency offset is not required. NR only supports cell defining SSBs of PCell that are always on the synchronization signal raster.
· For reception of SSB for the target SCell, frequency offset signaling will be required for SSB not on the synchronization signal raster.
Agreements (RAN1#92b for PSCell):
· For reception of SSB for the target PSCell, frequency indication will be required for SSB not on the synchronization signal raster.

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	In Connected, UEs consider the SSB in FrequencyInfoDL in ServingCell
ConfigCommon, if present (as there can be Scells without SSB for which the UE derives the timing reference from the SpCell), for all the tasks. The only exception is for RRM measurements, since the UE can be requested to measure also other SSBs. The SSB in FrequencyInfoDL can be off the Sync raster (e.g. for PSCell and Scell) and might not have an associated RMSI (for PSCell and Scell). 
We should then be cautious to introduce the term "cell-defining SSB" in Connected to refer to the SSB in FrequencyInfoDL, because the definition would differ from the one suggested in our comment to Question 1 (applicable for Idle/Inactive). One alternative is to introduce a different term, such as "cell-associated SSB", to refer to the SSB in FrequencyInfoDL. The other one is not to introduce a new term at all for the SSB in FrequencyInfoDL.

Same comments to Questions 3/6/7/9/10.

	Intel
	Yes/No

	Yes/No
	Yes
	No
	For PCell, it should be on sync-raster. it should be associated with RMSI.  
For SCell/PSCell, it may not be on sync-raster. it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast)

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes
	No, at least in Rel-15
	If SSB is used for detect BFR, the SSB should be the one configured in ServingCellConfigCommon, i.e. what we called CD-SSB. 
For PCell, for the UE which has not been configured with reconfiguration with sync, the SSB should be the one the UE selected for initial access.
As RAN2 agreed, for the BWP which doesn’t overlap with the CD-SSB, BFD can only be based on CSI-RS.

	Nokia
	Yes/No
	Yes/No
	Yes
	No
	Agree with Mediatek: it needs to be inside the active BWP, then whether or not it is on sync raster, or has RMSI is irrelevant. 

	Ericsson
	
	
	Yes
	
	Any SSB as per serving cell signalling.

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB used for BFR is the SSB used in the serving cell (at least for PCell and PSCell).   There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell/SCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	YES
	YES
	NO
	NO
	According to QC comments, only CD-SSB can be used for PCell. For Scell, it is still under discussion that if the BFM is needed on SCell.

	Samsung
	Yes
	Yes
	Yes
	No
	- From the below agreement, it is clear that any SSB which is not CD-SSB cannot be used for beam management, and, hence, cannot be used for BFR. 
	=> RAN2 understand that SSB based BM, BFD and RLM can only be configured for BWP which overlaps with the CD-SSB. For a BWP which doesn't overlap with the CD-SSB, BM, BFD and RLM can only be configured based on CSI-RS. We will not change this for Rel-15.



- CD-SSB could be SSB with RMSI, and/or on Sync. Raster so column 1 and 2 are yes. 
- We believe the CD-SSB is the SSB signalled in ServingCell config so column 3 is also yes. 
- For any other SSB, we understand that this is SSB without RMSI, not on Sync. Raster, and not signalled in ServingCellConfigCommon. Due to the agreement above and since the current TS38.331 supports only SSB-index to indicate SSB for BFR, the any other SSB cannot be supported for BFR.



	Question 3: For CSI Measurement, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	No
	The SSB in active BWP is used for CSI measurement. The SSB is configured by dedicated signalling. From UE aspect, UE doesn’t need to differentiate whether the SSB is on/off sync raster and whether it is associated with RMSI or not.

	Qualcomm
	Applicable: PCell.

not necessary for PSCell and SCell

	Applicable: PCell.

not necessary for PSCell and SCell

	Yes (for CONNECTED UE)
	No
(only the SSB whose frequency is indicated in frequencyInfoDL of ServingCellConfigCommon can be used)
	Note that RAN2 made the following agreement that only CD-SSB can be used for BM (i.e. CSI measurement in our understanding):
RAN2 understand that SSB based BM, BFD and RLM can only be configured for BWP which overlaps with the CD-SSB. For a BWP which doesn't overlap with the CD-SSB, BM, BFD and RLM can only be configured based on CSI-RS. We will not change this for Rel-15.
We also follow RAN1 agreements that SSB of PCell is always in sync raster, but SSB of PSCell and SCell may not be in sync raster. 
Same comments to Question 6/7/8/9/10/11.

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	In Connected, UEs consider the SSB in FrequencyInfoDL in ServingCell
ConfigCommon, if present (as there can be Scells without SSB for which the UE derives the timing reference from the SpCell), for all the tasks. The only exception is for RRM measurements, since the UE can be requested to measure also other SSBs. The SSB in FrequencyInfoDL can be off the Sync raster (e.g. for PSCell and Scell) and might not have an associated RMSI (for PSCell and Scell). 
We should then be cautious to introduce the term "cell-defining SSB" in Connected to refer to the SSB in FrequencyInfoDL, because the definition would differ from the one suggested in our comment to Question 1 (applicable for Idle/Inactive). One alternative is to introduce a different term, such as "cell-associated SSB", to refer to the SSB in FrequencyInfoDL. The other one is not to introduce a new term at all for the SSB in FrequencyInfoDL.

	Intel
	Yes/No

	Yes/No
	Yes
	No
	First, we assume that it is for CSI measurement reporting/config not CSI-RS based RRM measurement. 
For PCell, it should be on sync-raster. it should be associated with RMSI.  
For SCell/PSCell, , it may or may not be on sync-raster. And it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast)

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes
	No, at least in Rel-15
	The SSB used for CSI is for beam management purpose, and the SSB should be the one configured in ServingCellConfigCommon, i.e. what we called CD-SSB.
As RAN2 agreed, for the BWP which doesn’t overlap with the CD-SSB, BM can only be based on CSI-RS.

	Nokia
	Yes/No
	Yes/No
	Yes
	Yes
	Agree with Mediatek.

	Ericsson
	
	
	Yes
	
	Any SSB as per serving cell signalling.

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB used for CSI measurement is the SSB used in the serving cell.   There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell/SCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	
	
	YES
	
	Any SSB configured for the serving cell.

	Samsung
	Yes
	Yes
	Yes
	No
	- From the below agreement, it is clear that any SSB which is not CD-SSB cannot be used for beam management. 
	=> RAN2 understand that SSB based BM, BFD and RLM can only be configured for BWP which overlaps with the CD-SSB. For a BWP which doesn't overlap with the CD-SSB, BM, BFD and RLM can only be configured based on CSI-RS. We will not change this for Rel-15.



- CD-SSB could be SSB with RMSI, and/or on Sync. Raster so column 1 and 2 are yes. 
- We believe the CD-SSB is the SSB signalled in ServingCell config so column 3 is also yes. 
- Due to the agreement above and since the current TS38.331 supports only SSB-index to indicate SSB for CSI measurement, such any other SSB cannot be supported for CSI.



	Question 4: For Intra/Inter-Frequency Measurements, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	Yes
	I think we can decouple the question for SSB-based RRM measurement from two aspects, i.e. intra-frequency and inter-frequency. 
Intra-frequency:
· Based on RAN1 agreement, the SSB identifying PCell (CD-SSB in RAN1 terminology) should be on sync raster and associated with RMSI. For Pcell, intra-frequency measurement should be based on the same SSB based on which UE performs cell (re)selection and initial access. The SSB is on sync raster and associated with RMSI.  
· Based on RAN1 agreement, the SSB identifying PSCell and Scell is not required to be on sync raster. The RMSI is also not necessary. For PScell and Scell, intra-frequency measurement, all types of SSB can be used. 
Inter-frequency:
· All types of SSB can be used. 


	Qualcomm
	Not necessary 
	Not necessary 
	Not applicable (it is signalled in MO)
	Not precluded by current RAN2 agreement

	Based on below RAN2 agreement in RAN2#99b, it is not precluded to use non CD-SSB for RRM even for PCell:
5	Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).
6	The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is activated).

	ZTE
	Yes
	Yes 
	Yes
	Yes
	For RRM measurements the UE can be requested to measure any SSBs.

	Intel
	No
	No
	No
	Yes
	For intra and inter-freq measurement (not know what is the definition of frequency yet) but SSB is configured in measObject to the UE. So there is no limitation of SSB required to be on sync raster etc.

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes for serving cells;
No for neighbour cells.
	Yes
	Agree with Mediatek’s comments.

	Nokia
	Yes/No
	Yes/No
	Yes
	Yes
	Also agree with Mediatek.

	Ericsson
	
	
	Yes
	
	Any SSB as per serving cell signalling.

	ITRI
	Yes/No
	Yes/No
	Yes/No
	possible
	The SSB used for Intra/Inter-Frequency Measurements is defined in MeasObjectNR.   
Thus, there is no limitation for this SSB.


	OPPO
	
	
	yes
	
	Any SSB configured for the serving cell.

	Samsung
	Yes
	Yes
	Yes
	Yes
	- For RRM, any types of SSBs among different frequency locations can be configured within multiple MOs.



	Question 5: For SCG Failure Reporting, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	Yes
	The SSB in active BWP is used for BFR. The SSB is configured by dedicated signalling. From UE aspect, UE doesn’t need to differentiate whether the SSB is on/off sync raster and whether it is associated with RMSI or not.

	Qualcomm
	Not necessary 
	Not necessary 
	Not applicable
(it is indicated in MeasResultServFreq2NR and MeasResult2NR)
	Possible (see comments)
	Note that IE measResultNeighCells can include the best measured cells on non-serving NR frequencies according to 5.7.3.4 of TS 38.331. Then because UE determines “serving frequency” from frequencyInfoDL in ServingCellConfigCommon, we understand that the non-serving NR frequencies may include non-CD-SSB, and the frequency of such non-CD-SSB can be indicated in IE MeasResult2NR with corresponding measurement results.



	ZTE
	Yes
	Yes 
	Yes
	Yes
	Similar with Q4. After SCG failure, the UE will continue on-going measurements configured by the network and report the available results to the network.

	Intel
	Yes/No
	Yes/No
	Yes
	
	For PSCell, it may or may not be on sync-raster. it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast)

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes
	No, at least in Rel-15
	In Rel-15, there is only one SSB for a serving cell.

	Nokia
	Yes/No
	Yes/No
	Yes
	Yes
	Since it is configured by dedicated signalling, the UE does not need to know whether the SSB is located on the sync raster and/or whether the SSB has an RMSI associated.

	Ericsson
	
	
	Yes
	
	Any SSB as per serving cell signalling.

	ITRI
	Yes/No
	Yes/No
	Yes
	No
	The SSB used for SCG Failure Reporting is the SSB used in the serving cells in SCG.  Since the SSB information of each cell in SCG is obtained from ServingCellConfigCommon, so the SSB may be not on Sync Raster and may be not with RMSI.



	OPPO
	
	
	yes
	yes
	Any SSB detected.

	Samsung
	Yes
	Yes
	Yes
	No
	- Since RAN2 agreed not to support this other SSB based BM, BFD, and RLM, it is obvious that this other SSB based SCG failure reporting shall not be supported.



	Question 6: For PUCCH Configuration and Power Control, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	No
	The SSB in active BWP is used for UL power control. The SSB is configured by dedicated signalling. From UE aspect, UE doesn’t need to differentiate whether the SSB is on/off sync raster and whether it is associated with RMSI or not.

	Qualcomm
	Applicable: PCell.

not necessary for PSCell and SCell

	Applicable: PCell.

not necessary for PSCell and SCell

	Yes (for CONNECTED UE)
	No
(only the SSB whose frequency is indicated in ServingCellConfigCommon can be used)
	We think that the SSB index included in PUCCH-SpatialRelationInfo serves for BM, so we can follow the RAN2 agreement that only CD-SSB can be used for BM
RAN2 understand that SSB based BM, BFD and RLM can only be configured for BWP which overlaps with the CD-SSB. For a BWP which doesn't overlap with the CD-SSB, BM, BFD and RLM can only be configured based on CSI-RS. We will not change this for Rel-15.

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	In Connected, UEs consider the SSB in FrequencyInfoDL in ServingCell
ConfigCommon, if present (as there can be SCells without SSB for which the UE derives the timing reference from the SpCell), for all the tasks. The only exception is for RRM measurements, since the UE can be requested to measure also other SSBs. The SSB in FrequencyInfoDL can be off the Sync raster (e.g. for PSCell and SCell) and might not have an associated RMSI (for PSCell and SCell). 
We should then be cautious to introduce the term "cell-defining SSB" in Connected to refer to the SSB in FrequencyInfoDL, because the definition would differ from the one suggested in our comment to Question 1 (applicable for Idle/Inactive). One alternative is to introduce a different term, such as "cell-associated SSB", to refer to the SSB in FrequencyInfoDL. The other one is not to introduce a new term at all for the SSB in FrequencyInfoDL.

	Intel
	Yes/No

	Yes/No
	Yes
	No
	First, we assume that CD-SSB of corresponding serving cell is used for configuration and also assume that that there is only one SSB for serving cell which is CD-SSB from UE perspective.

For PCell, it should be on sync-raster. it should be associated with RMSI.  
For SCell/PSCell, it may or may not be on sync-raster. And it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast)

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes
	No, at least in Rel-15
	In Rel-15, there is only one SSB for a serving cell.

	Nokia
	Yes/No
	Yes/No
	Yes
	No
	Since it is configured by dedicated signalling, the UE does not need to know whether the SSB is located on the sync raster and/or whether the SSB has an RMSI associated.

	Ericsson
	
	
	Yes
	
	Any SSB as per serving cell signalling.

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB used for PUCCH Configuration and Power Control is the SSB used in the serving cell.   There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell/SCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	
	
	yes
	
	Any SSB configured for the serving cell.

	Samsung
	Yes
	Yes
	Yes
	No
	- Since the current TS38.331 supports only SSB-index to indicate SSB for PUCCH config, this any other SSB cannot be supported for PUCCH config and power control.



	Question 7: For PUSCH Configuration and Power Control, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	No
	The SSB in active BWP is used for UL power control. The SSB is configured by dedicated signalling. From UE aspect, UE doesn’t need to differentiate whether the SSB is on/off sync raster and whether it is associated with RMSI or not.

	Qualcomm
	Applicable: PCell.

not necessary for PSCell and SCell

	Applicable: PCell.

not necessary for PSCell and SCell

	Yes (for CONNECTED UE)
	No
(only the SSB whose frequency is indicated in ServingCellConfigCommon can be used)
	We think that the SSB index included in PUSCH-PathlossReferenceRS serves for BM, so we can follow the RAN2 agreement that only CD-SSB can be used for BM
RAN2 understand that SSB based BM, BFD and RLM can only be configured for BWP which overlaps with the CD-SSB. For a BWP which doesn't overlap with the CD-SSB, BM, BFD and RLM can only be configured based on CSI-RS. We will not change this for Rel-15.

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	In Connected, UEs consider the SSB in FrequencyInfoDL in ServingCell
ConfigCommon, if present (as there can be SCells without SSB for which the UE derives the timing reference from the SpCell), for all the tasks. The only exception is for RRM measurements, since the UE can be requested to measure also other SSBs. The SSB in FrequencyInfoDL can be off the Sync raster (e.g. for PSCell and SCell) and might not have an associated RMSI (for PSCell and SCell). 
We should then be cautious to introduce the term "cell-defining SSB" in Connected to refer to the SSB in FrequencyInfoDL, because the definition would differ from the one suggested in our comment to Question 1 (applicable for Idle/Inactive). One alternative is to introduce a different term, such as "cell-associated SSB", to refer to the SSB in FrequencyInfoDL. The other one is not to introduce a new term at all for the SSB in FrequencyInfoDL.

	Intel
	Yes/No

	Yes/No
	Yes
	No
	First, we assume that CD-SSB of corresponding serving cell is used for configuration and also assume that that there is only one SSB for serving cell which is CD-SSB from UE perspective.

For PCell, it should be on sync-raster. it should be associated with RMSI.  
For SCell/PSCell, it may or may not be on sync-raster. And it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast)

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes
	No, at least in Rel-15
	In Rel-15, there is only one SSB for a serving cell.

	Nokia
	Yes/No
	Yes/No
	Yes
	No
	Since it is configured by dedicated signalling, the UE does not need to know whether the SSB is located on the sync raster and/or whether the SSB has an RMSI associated.

	Ericsson
	
	
	Yes
	
	Any SSB as per serving cell signalling.

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB used for PUSCH Configuration and Power Control is the SSB used in the serving cell.   There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell/SCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	
	
	yes
	
	Any SSB configured for the serving cell.

	Samsung
	Yes
	Yes
	Yes
	No
	- Since the current TS38.331 supports only SSB-index to indicate SSB for PUSCH config, this any other SSB cannot be supported for PUSCH config and power control.



	Question 8: For RACH Configuration, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	No
	RACH configuration is per-BWP. We need to consider both the initial BWP and the dedicated BWPs.  For the dedicated BWP, UE doesn’t need to differentiate whether the SSB is on/off sync raster and whether it is associated with RMSI or not. 
For the initial BWP, the SSB should be on sync raster and associated with RMSI. Because the initial BWP is derived from the SSB (i.e. CD-SSB in RAN1 terminology).

	Qualcomm
	Applicable: PCell.

not necessary for PSCell 

	Applicable: PCell.

not necessary for PSCell
	Yes (for CONNECTED UE)
	No
(only the SSB whose frequency is indicated in ServingCellConfigCommon can be used)
	

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	RACH configuration is per-BWP. However we understand that, with the current ASN.1 structure, also in this case UEs only consider the SSB in FrequencyInfoDL in ServingCellConfigCommon, if present, e.g. to perform measurements to decide which RO to use. 
We think that for this case, the implications of an active BWP (with a RACH configuration) that does not contain the SSB in FrequencyInfoDL need to be further considered. 

	Intel
	Yes/No

	Yes/No
	Yes
	No
	First, we assume that CD-SSB of corresponding serving cell is used for configuration and also assume that that there is only one SSB for serving cell which is CD-SSB from UE perspective.

For PCell, it should be on sync-raster. it should be associated with RMSI.  
For SCell/PSCell, it may or may not be on sync-raster. And it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast)

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes
	No, at least in Rel-15
	In Rel-15, there is only one SSB for a serving cell.

	Nokia
	Yes/No
	Yes/No
	Yes
	Yes
	Agree with Mediatek with the exception that sync raster seems only required for initial cell selection.

	Ericsson
	
	
	Yes
	
	Any SSB as per serving cell signalling.

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB used for RACH Configuration is the SSB used in the serving cell.   There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell/SCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	
	
	yes
	
	Any SSB configured for the serving cell.

	Samsung
	Yes
	Yes
	Yes
	No
	- Since the current TS38.331 supports only SSB-index to indicate SSB for RACH config, this any other SSB cannot be supported for RACH config.



	Question 9: For SRS Configuration, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	No
	SRS configuration is per-BWP and provided by dedicated signalling. Only the SRS in the active BWP is transmitted. UE doesn’t need to differentiate whether the SSB is on/off sync raster and whether it is associated with RMSI or not. 

	Qualcomm
	Applicable: PCell.

not necessary for PSCell and SCell

	Applicable: PCell.

not necessary for PSCell and SCell

	Yes (for CONNECTED UE)
	No
(only the SSB whose frequency is indicated in ServingCellConfigCommon can be used)
	We think that the SSB index included in pathlossReferenceRS serves for BM, so we can follow the RAN2 agreement that only CD-SSB can be used for BM
RAN2 understand that SSB based BM, BFD and RLM can only be configured for BWP which overlaps with the CD-SSB. For a BWP which doesn't overlap with the CD-SSB, BM, BFD and RLM can only be configured based on CSI-RS. We will not change this for Rel-15.

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	In Connected, UEs consider the SSB in FrequencyInfoDL in ServingCell
ConfigCommon, if present (as there can be SCells without SSB for which the UE derives the timing reference from the SpCell), for all the tasks. The only exception is for RRM measurements, since the UE can be requested to measure also other SSBs. The SSB in FrequencyInfoDL can be off the Sync raster (e.g. for PSCell and SCell) and might not have an associated RMSI (for PSCell and SCell). 
We should then be cautious to introduce the term "cell-defining SSB" in Connected to refer to the SSB in FrequencyInfoDL, because the definition would differ from the one suggested in our comment to Question 1 (applicable for Idle/Inactive). One alternative is to introduce a different term, such as "cell-associated SSB", to refer to the SSB in FrequencyInfoDL. The other one is not to introduce a new term at all for the SSB in FrequencyInfoDL.

	Intel
	Yes/No

	Yes/No
	Yes
	No
	First, we assume that CD-SSB of corresponding serving cell is used for configuration and also assume that that there is only one SSB for serving cell which is CD-SSB from UE perspective.

For PCell, it should be on sync-raster. it should be associated with RMSI.  
For SCell/PSCell, it may or may not be on sync-raster. And it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast)

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes
	No, at least in Rel-15
	In Rel-15, there is only one SSB for a serving cell.

	Nokia
	Yes/No
	Yes/No
	Yes
	No
	Since it is configured by dedicated signalling, the UE does not need to know whether the SSB is located on the sync raster and/or whether the SSB has an RMSI associated.

	Ericsson
	
	
	Yes
	
	Any SSB as per serving cell signalling.

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB used for SRS Configuration is the SSB used in the serving cell.   There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell/SCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	
	
	yes
	
	Any SSB configured for the serving cell.

	Samsung
	Yes
	Yes
	Yes
	No
	- Since the current TS38.331 supports only SSB-index to indicate SSB for SRS config, this any other SSB cannot be supported for SRS config.



	Question 10: For RLM, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	No
	The SSB in active BWP is used for RLM. The SSB is configured by dedicated signalling. From UE aspect, UE doesn’t need to differentiate whether the SSB is on/off sync raster and whether it is associated with RMSI or not. 

	Qualcomm
	Applicable: PCell.

not necessary for PSCell

	Applicable: PCell.

not necessary for PSCell

	Yes (for CONNECTED UE)
	No
(only the SSB whose frequency is indicated in ServingCellConfigCommon can be used)
	RAN2 has made the following agreement that only CD-SSB can be used for RLM:
RAN2 understand that SSB based BM, BFD and RLM can only be configured for BWP which overlaps with the CD-SSB. For a BWP which doesn't overlap with the CD-SSB, BM, BFD and RLM can only be configured based on CSI-RS. We will not change this for Rel-15.


	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	In Connected, UEs consider the SSB in FrequencyInfoDL in ServingCell
ConfigCommon, if present (as there can be SCells without SSB for which the UE derives the timing reference from the SpCell), for all the tasks. The only exception is for RRM measurements, since the UE can be requested to measure also other SSBs. The SSB in FrequencyInfoDL can be off the Sync raster (e.g. for PSCell and SCell) and might not have an associated RMSI (for PSCell and SCell). 
We should then be cautious to introduce the term "cell-defining SSB" in Connected to refer to the SSB in FrequencyInfoDL, because the definition would differ from the one suggested in our comment to Question 1 (applicable for Idle/Inactive). One alternative is to introduce a different term, such as "cell-associated SSB", to refer to the SSB in FrequencyInfoDL. The other one is not to introduce a new term at all for the SSB in FrequencyInfoDL.

	Intel
	Yes/No

	Yes/No
	Yes for PSCell
	No
	For PCell, it should be on sync-raster. it should be associated with RMSI.  
For PSCell, it may not be on sync-raster. it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast).

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes
	No, at least in Rel-15
	In Rel-15, there is only one SSB for a serving cell.

	Nokia
	Yes/No
	Yes/No
	Yes
	No
	Since it is configured by dedicated signalling, the UE does not need to know whether the SSB is located on the sync raster and/or whether the SSB has an RMSI associated.

	Ericsson
	
	
	Yes
	
	Any SSB as per serving cell signalling.

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB used for RLM Configuration is the SSB used in the serving cell.   There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell/SCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	yes
	yes
	
	
	Agree with QC.

	Samsung
	Yes
	Yes
	Yes
	No
	- Since RAN2 agreed not to support this other SSB based BM, BFD, and RLM, this any other SSB cannot be supported for RLM.



	Question 11: For SpCell Configuration, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	No
	PCell:
· The SSB identifying PCell (CD-SSB in RAN1 terminology) should be on sync raster and associated with RMSI.
PScell:
· Based on RAN1 agreement, the SSB identifying PSCell is not required to be on sync raster. The RMSI is also not necessary. All types of SSB can be used. 

	Qualcomm
	Applicable: PCell.

not necessary for PSCell 
	Applicable: PCell.

not necessary for PSCell
	Yes (for CONNECTED UE)
	No
	We assume only the SSB whose frequency is indicated in frequencyInfoDL of ServingCellConfigCommon is applicable in SpCell configuration.

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	Only the SSB in FrequencyInfoDL in ServingCell
ConfigCommon.
The SSB in FrequencyInfoDL can be off the Sync raster (e.g. for PSCell) and might not have an associated RMSI (for PSCell). 
We should then be cautious to introduce the term "cell-defining SSB" in Connected to refer to the SSB in FrequencyInfoDL, because the definition would differ from the one suggested in our comment to Question 1 (applicable for Idle/Inactive). One alternative is to introduce a different term, such as "cell-associated SSB", to refer to the SSB in FrequencyInfoDL. The other one is not to introduce a new term at all for the SSB in FrequencyInfoDL.

	Intel
	Yes/No

	Yes/No
	Yes
	No
	For PSCell, it may not be on sync-raster. it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast).

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes
	No, at least in Rel-15
	For PCell, SSB should be on sync raster.
For PSCell, SSB may/may not be on sync raster.

	Nokia
	Yes/No
	Yes/No
	Yes
	No
	Agree with Mediatek with the exception that sync raster seems only required for initial cell selection.

	Ericsson
	Yes
	Yes
	Yes
	No
	Per serving cell configuration

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB used for SpCell Configuration is the SSB used in the serving cell (PCell or PSCell).   There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	
	
	yes
	
	Any SSB configured for the serving cell.

	Samsung
	Yes
	Yes
	Yes
	No
	- Since RAN2 agreed not to support this other SSB based BM, BFD, and RLM, we believe there is no point to support this other SSB for SpCell Config.



	Question 12: For SCell Configuration, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/No
	Yes/No
	Yes
	No
	Based on RAN1 agreement, the SSB identifying PSCell is not required to be on sync raster. The RMSI is also not necessary. All types of SSB can be used.

	Qualcomm
	Not necessary
	Not necessary
	Yes (for CONNECTED UE)
	No
	We assume only the SSB whose frequency is indicated in frequencyInfoDL of ServingCellConfigCommon is applicable in SCell configuration.

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	Only the SSB in FrequencyInfoDL in ServingCell
ConfigCommon, if present (as there can be SCells without SSB for which the UE derives the timing reference from the SpCell). 
The SSB in FrequencyInfoDL can be off the Sync raster and might not have an associated RMSI. 
We should then be cautious to introduce the term "cell-defining SSB" in Connected to refer to the SSB in FrequencyInfoDL, because the definition would differ from the one suggested in our comment to Question 1 (applicable for Idle/Inactive). One alternative is to introduce a different term, such as "cell-associated SSB", to refer to the SSB in FrequencyInfoDL. The other one is not to introduce a new term at all for the SSB in FrequencyInfoDL.

	Intel
	Yes/No

	Yes/No
	Yes
	No
	For SCell, it may not be on sync-raster. it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast).

	Huawei, HiSilicon
	Yes/No
	Yes/No
	Yes
	No, at least in Rel-15
	In Rel-15, there is only one SSB for a serving cell.

	Nokia
	Yes/No
	Yes/No
	Yes
	No
	Since it is configured by dedicated signalling, the UE does not need to know whether the SSB is located on the sync raster and/or whether the SSB has an RMSI associated.

	Ericsson
	Yes
	Yes
	Yes
	No
	Per serving cell configuration

	ITRI
	Yes/No
	Yes/No
	Yes
	No
	The SSB used for SCell Configuration is the SSB used in the serving cell. The SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	
	
	yes
	
	Any SSB configured for the serving cell.

	Samsung
	Yes
	Yes
	Yes
	No
	- Since RAN2 agreed not to support this other SSB based BM, BFD, and RLM, we believe there is no point to support this other SSB for SCell Config.

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



3.2	Mobility
With the possible provision of multiple SSBs within a carrier, and having the UE measuring an SSB other than the one on the sync raster with an RMSI associated, the following questions arise:
	Question 13: For handover, does it matter to the UE if the SSB ordered as target cell was not one of the SSB required to be measured in the source cell?

	Company
	Yes/No
	Comments

	Mediatek
	Yes
	First of all, we need to clarify whether the HO in this question is inter-frequency HO or intra-frequency HO, if we assume that the SSB on sync raster with RMSI is used as reference to differentiate inter-/intra-frequency HO. 

If it is for intra-frequency HO, we are not clear why network configures different SSB other than the SSB on sync raster with RMSI to measure?

If it is for inter-frequency HO, of course other SSB can be configured to measure. However, those SSB should be on sync raster with associated RMSI. So the cell concept is the same for UE in IDLE/INACTIVE and CONNECTED. 

Furthermore, whether different SSB can be used depends on the measurement quantity. For RSRP, there may be no much difference. For RSRQ and SINR, the measurement results will be different if different SSBs are used, since the interference may varies a lot for different SSBs. This need to be confirmed with RAN4. 

	Qualcomm
	See comments
	For inter-cell handover (i.e. PCell change), we think network should indicate the SSB of target cell in sync raster and RMSI associated.

For SCG change/addition, it does not matter to the UE, but preferable from a performance point of view to configure the target cell SSB to be the one on which previous measurements were obtained in source cell


	ZTE 
	No
	The use case for this is not clear, but the SSB ordered as target cell can indeed be different than those required to be measured in the source cell.

	Intel
	Yes/No
	RRM configuration should be in the measObjNR where SSB location is configured to the UE. That will be the SSB the UE use for handover. However, the network may also handover the UE to other cell without measurement. 

	Huawei, HiSilicon
	No
	It should be up to network implementation.

	Nokia
	Yes
	This might affect performance and RAN4 should be consulted.

	Ericsson
	No
	Up to network implementation

	ITRI
	No
	Some cell may be invisible for idle/inactive UEs but for connected mode UEs.  Therefore, this kind of cell can be not on Sync. Raster.  gNB can handover a connected mode UE to this kind of cell.

	OPPO
	NO
	It is up to the source gNB decision.

	Samsung
	Yes/No
	Considering SSB configured for target cell, such SSB should be configured for the UE within an MO, whether it is for intra-frequency or inter-frequency handover. Consequently, such SSB needs to be measured in the source cell even if UE uses gap. 



	Question 14: For re-establishment, does it matter to the UE if the SSB selected was not one of the SSB required to be measured in the source cell.

	Company
	Yes/No
	Comments

	Mediatek
	No
	UE performs cell selection upon initiation of connection re-establishment. Just as UE in IDLE/Inactive mode, the SSB for cell selection can be on different frequency. However, the selected SSB should be on sync raster and associated with RMSI. 

	Qualcomm
	See comments
	For re-establishment case, we think UE can only search SSB located in sync raster and associated with RMSI, as idle mode operation


	ZTE 
	No
	The SSB needs to be located on the Sync raster and associated with RMSI.

	Intel
	No
	For re-establishment to the serving cell, the SSB should be the one configured to the UE in servingCellCommon. For re-establishment to a different cell, other SSB can be used but it should be on sync raster.

	Huawei, HiSilicon
	No
	The UE may search and select a cell which was not configured in the source cell.

	Nokia
	No
	After re-establishment, the EU needs to perform cell-selection anyway.

	Ericsson
	No
	Same comment as QC.

	ITRI
	No.
	Share the same view with QC.

	OPPO
	No.
	Share the same view with QC.

	Samsung
	No
	SSB for cell reselection needs to be SSB with RMSI and on sync raster and this does not need to be configured in the source cell. 



3.2	Bandwidth Adaptation
With a BWP possibly spanning multiple SSB, the relationship between the two needs to be clarified:
	Question 15: For Initial BWP, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes
	Yes
	Yes
	No
	For UE in IDLE/INACTIVE, initial DL BWP configuration is provided in SSB on sync raster with associated RMSI; initial UL BWP is configured by RMSI. 
For UE in CONNECTED, the initial BWP configuration in ServingCellConfigCommon should be the same as the initial BWP configuration in MIB and system information. 

	Qualcomm
	Applicable: PCell.

not necessary for PSCell and SCell

	Applicable: PCell.

not necessary for PSCell and SCell

	Yes
	No
	We assume the SSB associated with initial BWP is the one indicated in frequencyInfoDL of ServingCellConfigCommon 

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	 Based on agreements at RAN2#101bis, whatever the BWP, apart from RRM measurements (that can also be performed on other SSBs), for all the other tasks the UE will consider the SSB in FrequencyInfoDL (if present).

	Intel
	Yes
	Yes
	Yes
			No
	For initial BWP, it will need to support idle mode operation.

	Huawei, HiSilicon
	
	
	
	
	Not clear to us for what purpose the SSB is used. 

	Nokia
	Only for initial selection
	Yes
	Yes
	No
	See comment for IDLE

	Ericsson
	
	
	
	
	Not so clear what is meant by “SSB used”

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB configured in the serving cell can be used for initial BWP if this SSB is located in the initial DL BWP.  There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	YES
	YES
	NO
	NO
	Confused with the question, for my understanding, the initial BWP will only associate one CD-SSB.

	Samsung
	Yes
	Yes
	Yes
	No
	SSB for idle mode operation needs to be SSB with RMSI and on sync raster




	Question 16: For Default BWP, what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/NO
	Yes/No
	No
	No
	The default BWP is configured by dedicated signalling. From UE aspect, UE doesn’t need to differentiate whether the SSB is on/off sync raster and whether it is associated with RMSI or not. All types of SSB can be used. 

	Qualcomm
	
	
	
	
	Default BWP is introduced mainly for power saving operation. In our understanding, this question should be separately discussed for RRM or other purposes:
· For RRM: if default BWP includes multiple SSBs, then the SSBs which are configured in measurement objects are applicable, based on current RAN2 RRM agreement.
· For other purposes (e.g. BM/RLM as list in questions 2/3/6/7/8/9/10), only CD-SSB can be used if default BWP includes the CD-SSB whose frequency is indicated in frequencyInfoDL of ServingCellConfigCommon. If default BWP does not overlap with CD-SSB, then only CSI-RS can be used for the list purposes (e.g. BM, RLM…) based on RAN2 agreements of last meeting.

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	Based on agreements at RAN2#101bis, whatever the BWP, apart from RRM measurements (that can also be performed on other SSBs), for all the other tasks the UE will consider the SSB in FrequencyInfoDL (if present). If an active DL BWP does not contain the SSB in FrequencyInfoDL, some SSB-based procedures (Beam Management, CSI measurements, Beam Failure Detection and RLM) will not be possible (they will only be possible based on CSI-RS).

	Intel
	Yes/No

	Yes/No
	Yes
	No
	First, that there is only one SSB for serving cell which is CD-SSB from UE perspective. Therefore, if SSB is referenced in default BWP, it should be CD-SSB. 

For PCell, it should be on sync-raster. it should be associated with RMSI.  
For SCell/PSCell, it may or may not be on sync-raster. And it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast)

	Huawei, HiSilicon
	
	
	
	
	Not clear to us for what purpose the SSB is used. 

	Nokia
	Yes/No
	Yes
	Yes
	No
	Since it is configured by dedicated signalling, the UE does not need to know whether the SSB is located on the sync raster and/or whether the SSB has an RMSI associated.

	Ericsson
	
	
	
	
	Not so clear what is meant by “SSB used”

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB configured in the serving cell can be used for default BWP if this SSB is located in the default DL BWP.  There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	
	
	YES
	
	Confused with the question, for my understanding, any SSB configured for the BWP can be used.

	Samsung
	
	
	
	
	It is difficult to understand the intention of the question. There is no configuration of SSB for default BWP and no need to associate SSB to the default BWP.



	Question 17: For Active BWP (other than default and initial), what type of SSB can be used?

	Company
	SSB Applicability
	Comments

	
	On Sync.
Raster
	With RMSI
	Signalled in ServingCell
	Any Other SSB
	

	Mediatek
	Yes/NO
	Yes/No
	No
	No
	The dedicated BWP is configured by dedicated signalling. From UE aspect, UE doesn’t need to differentiate whether the SSB is on/off sync raster and whether it is associated with RMSI or not. All types of SSB can be used for the active BWP.

	Qualcomm
	
	
	
	
	In our understanding, this question should be also separately discussed for RRM or other purposes:
· For RRM: if active BWP includes multiple SSBs, then the SSBs which are configured in measurement objects are applicable, based on current RAN2 RRM agreement.
· For other purposes (e.g. BM/RLM as list in questions 2/3/6/7/8/9/10), only CD-SSB can be used if active BWP includes the CD-SSB whose frequency is indicated in frequencyInfoDL of ServingCellConfigCommon. If active BWP does not overlap with CD-SSB, then only CSI-RS can be used for the list purposes (e.g. BM, RLM…) based on RAN2 agreements of last meeting.

	ZTE
	Only if is the one signalled in ServingCell
ConfigCommon
	Only if is the one signalled in ServingCell
ConfigCommon
	Yes
	No
	Based on agreements at RAN2#101bis, whatever the BWP, apart from RRM measurements (that can also be performed on other SSBs), for all the other tasks the UE will consider the SSB in FrequencyInfoDL (if present). If an active DL BWP does not contain the SSB in FrequencyInfoDL, some SSB-based procedures (Beam Management, CSI measurements, Beam Failure Detection and RLM) will not be possible (they will only be possible based on CSI-RS).

	Intel
	Yes/No

	Yes/No
	Yes
	No
	First, that there is only one SSB for serving cell which is CD-SSB from UE perspective. Therefore, if SSB is referenced in default BWP, it should be CD-SSB. 

For PCell, it should be on sync-raster. it should be associated with RMSI.  
For SCell/PSCell, it may or may not be on sync-raster. And it may or may not be associated with RMSI. (but the UE doesn’t need to know whether RMSI is associated because the UE doesn’t acquire SIB via broadcast)

	Huawei, HiSilicon
	
	
	
	
	Not clear to us for what purpose the SSB is used. 

	Nokia
	Yes/No
	Yes/No
	Yes
	No
	Since it is configured by dedicated signalling, the UE does not need to know whether the SSB is located on the sync raster and/or whether the SSB has an RMSI associated.

	Ericsson
	
	
	
	
	Not so clear what is meant by “SSB used”

	ITRI
	Yes/No
	Yes/No
	Yes/No
	No
	The SSB configured in the serving cell can be used for active BWP if this SSB is located in the active DL BWP.  There are three cases: 
  
Case 1-1:  PCell - Initial access (from idle/inactive to Connected): the SSB information of PCell is obtained from the SSB with RMSI on Sync. Raster which is camped in idle mode.

Case 1-2:  PCell - after HO: the SSB information of PCell is obtained from ServingCellConfigCommon.
The SSB may be not on Sync. Raster. 

Case 2 – PSCell addition/Change: the SSB information is obtained from ServingCellConfigCommon.
The SSB may be not on Sync Raster. The SSB may be not with RMSI.


	OPPO
	
	
	YES
	
	Confused with the question, for my understanding, any SSB configured for the BWP can be used.

	Samsung
	
	
	
	
	It is difficult to understand the intention of the question. There is no configuration of SSB for active BWP and no need to associate SSB to the active BWP.



4	Conclusion
4.1	Summary
Ten companies participated in this email discussion to answer the 17 questions.
Question 1: For IDLE and INACTIVE, what type of SSB can be used?
All companies believe that the SSB needs to be on the sync raster with an RMSI associated. However, one company suggested that the sync raster is only required for initial cell selection. Another company claimed that the SSB for neighbour cells in SIB should also be on the sync raster.
Questions 2, 3, 6, 7, 8, 9, 10: For BFR, CSI Measurements, PUCCH Configuration and Power Control, PUSCH Configuration and Power Control, RACH Configuration, SRS Configuration, RLM Monitoring, what type of SSB can be used?
All companies agree that for (P)SCells, the SSB does not have to be on the sync raster, nor be associated with an RMSI. However, for PCell, a majority of companies argue that the SSB needs to be on the sync raster with an RMSI associated, while some others explain that as a result of mobility, the SSB does not have to be on the sync raster.
Questions 4,5, 12: For Intra/Inter-Frequency Measurements, SCG Failure Reporting, SCell configuration, what type of SSB can be used?
All companies to agree that there are no specific restrictions.
Question 11: For SpCell Configuration, what type of SSB can be used?
All companies agree that for pSCell, the SSB does not have to be on the sync raster, nor be associated with an RMSI. However, for PCell, there is a disagreement on whether or not it needs to be on the sync raster with an RMSI associated.
Question 13: For handover, does it matter to the UE if the SSB ordered as target cell was not one of the SSB required to be measured in the source cell?
While a small majority of companies argued that it should be up to network implementation, some others worried about the impacts (e.g. in terms of performance).
Question 14: For re-establishment, does it matter to the UE if the SSB selected was not one of the SSB required to be measured in the source cell.
All companies agreed that it does not matter as cell selection is performed.
Question 15: For Initial BWP, what type of SSB can be used?
The companies which were not confused by the question agreed that it should be on the sync raster with an RMSI associated. However, as for Questions 2, 3, 6, 7, 8, 9 & 10, some companies pointed out that as a result of mobility, the SSB does not have to be located on the sync raster always.
Question 16 & 17: For Default and Active BWP, what type of SSB can be used?
No clear agreement on a possible restriction.
4.1	Proposals
Given the answers to the questions above, the main point to clarify is the case of the PCell: does it need to be located on the sync raster always, even after connected mode mobility?
Proposal 1: discuss whether the PCell always needs to be located on the sync raster, even after connected mode mobility.
Regarding the possible definition of CD-SSB in RAN2 specifications, because PCell, SpCell and SCells are very different, having one common term covering all cases does not seem to be viable – as hinted by ZTE. Considering the cases where it matters (according to the replies above), we would like to suggest defining CD-SSB as the SSB with an RMSI associated. This makes it applicable to both IDLE and CONNECTED and is quite logical considering the previous RAN2 agreements: the RMSI identifies the cell.
Proposal 2: define CD-SSB as the SSB with an RMSI associated.

