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1. Introduction
In this contribution, we discuss the remaining details on SS/PBCH block transmission, including indication of actual SS/PBCH block(s) transmission, and SS block transmission in wideband CC in frequency domain.

2. The indication of actual SS/PBCH block transmission
The indication of compressed form for above 6GHz case
In RAN1 NR#3 meeting [1], it was agreed as working assumption that Group-Bitmap(8 bits) + Bitmap in Group (8 bits) is used for indication method of actual SS/PBCH block transmission configured by RMSI for above 6GHz case. Before confirming working assumption, we should consider the trade-off of signaling overhead and flexibility. There are other alternatives which have less bits for signaling, but those also lose flexibility for the indication of actual SS/PBCH block transmission. Depending on the UE status and deployment scenario, network need to allocate resources as flexible as possible. In this reason, the working assumption could be appropriate for compressed indication method, for the working assumption has greatest flexibility among the alternatives.
Proposal 1: 
· Confirm the working assumption that Group-Bitmap(8 bits) + Bitmap in Group (8 bits) is used for indication method of actual SS/PBCH block transmission configured by RMSI for above 6GHz case.

Indication for measurement purpose
Also, NR should discuss whether to support indication of target SS/PBCH block for measurement purpose. If the indication of target SS/PBCH block is supported for measurement purpose, it can provide a benefit of UE complexity reduction when mobility measurement for neighbor cells is performed. Especially, in above 6GHz frequency range, if UE should measure all candidate SS/PBCH blocks (i.e. L=64), it could be huge burden of calculation. So, it is required to indicate the target SS/PBCH block for measurement purpose. 
This indication for measurement purpose could be defined in OSI for IDLE mode and RRC signaling for CONNECT mode, and the indication could be differentiated with the indication for rate-matching purpose in RMSI and UE specific RRC signaling. Also, for reducing complexity of UE measurement, it can be assumed that this indication is commonly applied for neighbor cell(s) in a frequency range. As a method for indication of measurement target SS/PBCH, bitmap and/or compressed bitmap types could be applied in OSI and RRC signaling.
Proposal 2: 
· The indication of measurement target SS/PBCH block is defined in OSI for IDLE mode and RRC signaling for CONNECT mode.
· This indication is commonly applied for neighbor cell(s) in a frequency range.
· As a method for indication of measurement target SS/PBCH, bitmap and/or compressed bitmap types are applied in OSI and RRC signaling.

Multiple SCS for a certain frequency range
From RAN4 LS (R1-1715373), RAN1 discussed multiple SCS for a certain frequency range at the last meeting. There are two alternatives for supporting multiple SCS:
•	Alt 1: Redesign the SS block design, i.e., reduce PBCH BW to 12 PRBs so that UE minimum BW does not exceed 5 MHz for sub6GHz and 50MHz for over6GHz, regardless of the selected subcarrier spacing
•	Alt 2: RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands
[bookmark: _GoBack]In Alt.2 case, blind detection of SCS is demanded to UE, so it could increase UE complexity. However, allowing blind detection for a certain frequency range may not significantly increase UE complexity. On the other hand, if Alt.1 is selected, many parts of SS/PBCH block need to redesigned. Redesigning SS/PBCH block cannot guarantee detection performance and PBCH decoding performance. Therefore, if multiple SCS supported for certain frequency range, RAN1 should adopt Alt.2 (allow to selection up to two SCS values for SS/PBCH)
Proposal 3: 
· If multiple SCS is supported for certain frequency range, RAN1 should adopt Alt.2. 
· Alt 2: RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands

3. SS/PBCH block transmission in wideband CC
RRM measurement with multiple SS blocks in wideband CC
When a bandwidth part or multiple bandwidth parts in a component carrier are allocated to a UE, it is preferable that at least one bandwidth part containing SS block should be allocated for support of mobility even if it can be supported by frequency retuning (or measurement gap configuration). 
As mentioned above, network may transmit multiple SS blocks in wideband CC in order to spread UE with small bandwidth capability over a wide bandwidth. In this case, UE with large bandwidth capability can observe multiple SS blocks and measure RSRP using all of them. However, UE handovers from a source cell to a target cell in cell level, and only single SS block among them might be sufficient for RSRP measurement for mobility which is beneficial in terms of power consumption and UE complexity.
Sometimes, there is a scenario that bandwidth of neighbor cells is smaller than serving cell and each neighbor cell is located at different frequency. In this scenario, UE may need to measure RSRP of all SS blocks at different frequencies. However, the measurement capability of UE should be defined per a component carrier and UE could measure RSRP of the same number of neighboring cell for pre-defined duration even if multiple locations of SS blocks for RRM measurement is configured by network.
Proposal 4: 
· Only single SS block is sufficient for RSRP measurement for mobility.
Proposal 5: 
· The measurement capability of UE should be defined per a component carrier regardless of the maximum number of bandwidth part supported by UE.

How to inform UE about presence/parameters of SS block(s)
In idle mode, UE would stay on the carrier frequency where SS block is transmitted. (If the default bandwidth part is defined, SSB is transmitted within the default BWP) and it tries to receive paging message and measure RSRP with the narrow bandwidth configuration corresponding to paging message transmission. Therefore, multiple SSBs might not be observed by UE and UE does not need to know SSB information transmitted in other carrier frequency.
In connected mode, bandwidth part with wide bandwidth can be configured for UE, and it is possible that SSBs are transmitted in multiple frequency locations within the BWP. In this case, if a PDSCH is scheduled in certain resource and the resource is overlapped with SSB burst set, the PDSCH is rate-matched or punctured over the resources of actually transmitted SSBs. Therefore, UE should know the exact information on the SSB location for resource de-mapping of transmitted channels and gNB transfers the related information to UE through RRC message. The related information includes the frequency location of transmitted SSBs within BWP, information on actual transmitted SSB and the periodicity of SSB in each frequency.
Proposal 6: 
· The information for all SSBs within configured BWP (frequency locations, actual transmitted SSB and the minimum periodicity of SSB for each frequency, etc) is transferred to UEs in connected mode for rate matching of scheduled channels. 

Even if the number of SS/PBCH block can be freely configured by gNB in a wideband CC as mentioned above, it might be beneficial to minimize the number of SS/PBCH block if there is no problem in terms of capacity for initial access. With this assumption, some SS/PBCH blocks can be configured only for intra-frequency mobility measurement without transmission of system information in certain frequency bands in order to reduce unnecessary system overhead. In this case, the network should let UE performing initial access know that system information is not transmitted, which can be indicated over PBCH. However, prior to discussing this operation, we had better to investigate whether there is the better way to avoid the unnecessary UE operation should or not. In this aspects, there may be a lot of candidate methods (e.g. different SS/PBCH block composition, different PSS/SSS sequence, etc), but as the simplest method it is proposed that the SS block only for RRM measurement is located at the frequency where UE would not perform initial access.
Proposal 7: 
· If SS block only transmission within the bandwidth part is defined (without system information transmission), the SS/PBCH block is located with frequency offset to frequency raster for sync signal.

4. Conclusion
In this contribution, we discussed the remaining details on SS/PBCH block transmission, including indication of actual SS/PBCH block(s) transmission, and SS block transmission in wideband CC in frequency domain. As a conclusion, we summary our proposals as follow: 
Proposal 1: 
· Confirm the working assumption that Group-Bitmap(8 bits) + Bitmap in Group (8 bits) is used for indication method of actual SS/PBCH block transmission configured by RMSI for above 6GHz case.
Proposal 2: 
· The indication of measurement target SS/PBCH block is defined in OSI for IDLE mode and RRC signaling for CONNECT mode.
· This indication is commonly applied for neighbor cell(s) in a frequency range.
· As a method for indication of measurement target SS/PBCH, bitmap and/or compressed bitmap types are applied in OSI and RRC signaling.
Proposal 3: 
· If multiple SCS is supported for certain frequency range, RAN1 should adopt Alt.2. 
· Alt 2: RAN4 is allowed to select up to two SCS values for SS/PBCH and the corresponding UE minimum BW for each band of a limited set of bands
Proposal 4: 
· Only single SS block is sufficient for RSRP measurement for mobility.
Proposal 5: 
· The measurement capability of UE should be defined per a component carrier regardless of the maximum number of bandwidth part supported by UE.
Proposal 6: 
· The information for all SSBs within configured BWP (frequency locations, actual transmitted SSB and the minimum periodicity of SSB for each frequency, etc) is transferred to UEs in connected mode for rate matching of scheduled channels.
Proposal 7: 
· If SS block only transmission within the bandwidth part is defined (without system information transmission), the SS/PBCH block is located with frequency offset to frequency raster for sync signal.
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Appendix

	Agreements: (RAN1 NR#3) [1]
· From UE perspective, a cell is associated with a single SS block
· Note: The cell defining SS block has an associated RMSI
· Note: From the RAN1 perspective, the cell defining SS block could for example be used for 
· Common PRB indexing
· Scrambling
· Etc.
· For rate matching purpose
· For UE specific PDSCH and UE specific CORESET
· If the UE has received no bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the signalling in RMSI 
· If the UE has received a bitmap through RRC signalling, the UE assumes SS/PBCH block transmission according to the bitmap in RRC based signalling 
· For PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources
· Working assumption: For other channels, the UE assumes SS/PBCH block transmission according to the signalling in RMSI
· FFS: Confirm for each channel
· The signalling in RMSI is only for the associated SS/PBCH block
· FFS: Other uses of the signalled SS/PBCH block indication in RMSI and/or RRC
· Confirm working assumption of: 
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks
Working assumption:
· For indication in RMSI:
· Alt.1: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)
· A Group is defined as consecutive SS/PBCH blocks
· Bitmap in Group can indicate which SS/PBCH block is actually transmitted within a Group, where each Group has the same pattern of SS/PBCH block transmission, and Group-Bitmap can indicate which Group is actually transmitted
Agreements: (RAN1 NR#3) [1]
· The entire SS/PBCH block can offset from the resource block grid
· Indicate the offset of the SS/PBCH block in the BCH
· Offset is in the number of subcarriers of the SS/PBCH block numerology

	Agreements: (RAN1 #90) [2]
· At least for rate matching purpose for serving cell, for below 6GHz, full bitmap (8bits) is used for indication of actual SS/PBCH block transmission
· FFS: whether to support indication of actual SS/PBCH block transmission for mobility measurement at least for neighbour cells, how to indicate it, and whether this indication is applied to mobility measurement for serving cell
· FFS: whether the indication can be used for the RACH preamble configurations and associations
Working assumptions:
· UE-specific RRC signaling with full bitmap can be used for indicating the actually transmitted SS blocks for both sub6GHz and over6GHz cases
· The actually transmitted SS blocks is indicated in RMSI for both sub6GHz and over6GHz cases
· Indication is in compressed form in above 6 GHz case, and an indication method is down-selected from following alternatives
· Alt.1: Group-Bitmap + Bitmap in Group
· Alt.2: Group-Bitmap + The number of actually transmitted SS/PBCH block in Group (with fixed starting index of SS/PBCH block)
· Alt.3: Bitmap in Group + The number of actually transmitted Groups (with fixed starting index of Group)
· Alt.4: Group-Bitmap + The number of actually transmitted SS/PBCH block in each Group
· Alt.5: The number of actually transmitted SS/PBCH blocks + starting index + gap between two consecutive SS/PBCH blocks
· Alt.6: Group-Bitmap
· Other alternatives are not precluded
· Indicated resources are reserved for actually transmitted SS blocks
· Data channels are rate matched around actually transmitted SS blocks
Agreements: (RAN1 #90) [2]
· UE assumes a single periodicity i.e., SS burst set periodicity, for all SS/PBCH blocks for a cell
· At least for rate matching purpose, the single periodicity value is configured for the serving cell separately from SMTC. Otherwise the default periodicity, 5 ms, is assumed
· Note: UE is not expected to perform rate matching based on SMTC




