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1	Introduction 
In RAN1 #89, transmission of SS-block in Wideband Band operation was discussed and following was agreed:
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[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we address the differences providing single or multiple SS-block transmission in single carrier versus considering these as two separate carriers.
2	Discussion
Single SS-block
The Figure 1, presents the system operation where complete available bandwidth is utilized with single wideband carrier containing a single SS-block transmission in frequency. The exact frequency raster of possible SS-block location is TBD in RAN4. The data subcarriers and resource grid are continuing in frequency, and can be obtained from a single or multiple FFT processes, which can be then transmitted and received from single or multiple collocated TX/RX chains. If multiple TX/RX chains are used implementation needs to ensure that orthogonality between subcarriers processed by different TX RX chain is not lost. 
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[bookmark: _Ref485308478]Figure 1:  Single SS-block in wideband carrier
The UE in RRC connected would be configured single PDCCH monitoring location in frequency that is UE specific (high light with red line), allowing different UE be in different locations, and the total system bandwidth (configured as a BW part) would be addressable with single DCI scheduling decision. The common search space, would be transmitted in location indicated by the SS-block, scheduling system information and paging etc. 
Similarly, the carrier would be addressed in measurement configurations, and mobility actions (handover and cell reselections by the PCI and PBCH information transmitted in SS-block.
Two SS-blocks 
The Figure 2 presents, possible system operation, based on the latest agreement in RAN1 (see above), where complete available bandwidth is utilized with a single wideband carrier containing two (or multiple) SS-block transmissions in frequency. Similarly, to the Figure 1, data subcarriers and resourced grid are continuing in frequency, and can be obtained from single or multiple FFT process, which can be then transmitted and received from single or multiple collocated TX/RX chains. If multiple TX/RX chains are used, implementation needs to ensure that orthogonality between subcarriers processed by different TX/RX chain is not lost. 
The UE in RRC connected would be configured with a single PDCCH monitoring location in frequency that is UE specific (highlight with red line), allowing different UEs be in different locations. Based on previous meeting decision it is not apparent how common search space, CORESET, would be transmitted. There seems to be option to transmit it: 
· In single location indicated by the either SS-block
· In single location, each SS-block indicates the same location
· In two locations, each SS-block indicates separate location
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[bookmark: _Ref485309169]Figure 2: Two SS-block in wideband carrier
Furthermore, it is not apparent whether content of these SS-blocks is similar in terms of PCI value and PBCH content, same or different RACH resources and RMSI transmissions.
As the motivation of having two SS-blocks was to distribute the UEs in Idle/Inactive mode to different SS-block to reduce e.g. paging and RACH related load in single common search space it becomes apparent that each SS-block should point to different common search space and allow utilization of separate RACH, RMSI configurations. This in practice defines these two SS-Blocks as two cells. 
The additional required capability is that network can indicate that PRB grid is consistent and address with single DCI scheduling decision from either cell the complete spectrum shown in Figure 2 with blue color. 
[bookmark: _Ref485381706][bookmark: _Ref485382744]Proposal 1: Two different SS-blocks can point to different CORESET’s, and content (PSS/SSS/PBCH) of SS-Blocks are independent.
[bookmark: _Ref485381708][bookmark: _Ref485382750]Proposal 2: Different RMSI CORESET’s can indicate different RMSI, RACH and paging configurations. 
[bookmark: _Ref485381537][bookmark: _Ref485382779]Proposal 3: Each SS-block defines logically own cell, with capability to address the full system bandwidth with single DCI scheduling decision.
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[bookmark: _Ref489874451]Figure 3: System configuration based on proposal 1-3 
CA operation
The Figure 4 presents third possible system operation where total system bandwidth is divided into two carriers with zero or non-zero guard band between carriers. The actual minimum non-zero guard band is under discussion in RAN4, but when such in configured, different carriers can utilize: 
- different numerology
- different transmission locations
- TX/RX front ends without need to maintain orthogonality
- different UL and DL TDD pattern (may require sufficiently large guard) 
In basic operation, the UE in RRC connected would be configured two or one PDCCH monitoring locations in frequency that are UE specific (high light with red and orange lines). If single location is used, then the cross carrier scheduling is to be utilized. The common search space, would be transmitted in location indicated by each SS-block. Naturally each SS block would indicate separate RMSI, RACH and paging configurations. 
When system configures the guard band to zero, ensures that resource grid is continues and TX and RX requirement of subcarrier orthogonality is maintained in the Figure 4, start to reassemble the configuration in Figure 3 in bandwidth utilization point of view, with additional support of Proposal 3 so that network can schedule complete bandwidth with single DCI. This can be simply achieved by indicating in UE dedicated signaling, to the UE operating with left side SS-Block that band edge is in right edge of right blue box indicated by red arrow. Similarly, system would indicate to the UE operating with right side SS-block that band edge is in left edge of left blue box indicated by orange arrow. 
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[bookmark: _Ref485308611]Figure 4: Single SS-block in carrier – two carriers
Observation 1: The Proposal 1, Proposal 2 and Proposal 3 are nicely matching with existing CA definitions and concept of PCELL. 
Single SS-block – two frequency portions
Finally, the Figure 5 presents the system operation option where system bandwidth is divided into two portions having guard band between but only other carrier is transmitting SS-block. The requirement for this configuration to work would be that other frequency portion is configured to the UE dedicatedly without UE detecting it before hand and UE may follow SS-block timing for the other carrier also. The frequency portion not transmitting SS-block would support QCL and have the same timing with frequency portion transmitting the SS-block.
The UE would be configured two PDCCH monitoring locations in frequency that are UE specific (high light with red and orange lines), allowing different UE monitor different locations. As cross carrier scheduling is to be supported the system could operate only with single PDCCH location, either red or orange line. The common search space, would be transmitted in location indicated by the SS-block of the SS-block transmitting carrier.
This could be seen optimization of option presented in Figure 3, from the SS-Block transmission point of view but when system configures the guard band to zero, ensures that resource grid is continues and TX and RX requirement of subcarrier orthogonality is maintained the Figure 5, start to reassemble the configuration Figure 1 in in bandwidth utilization point of view, with additional support of Proposal 3 so that network can schedule complete bandwidth with single DCI.
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[bookmark: _Ref485310586]Figure 5:  Single SS-block in other carrier – two carriers
Additional notes
All in all it clear that we have a lot of flexibility how different bandwidths are utilized and due to UE specific configurations the fixed bandwidth configurations are avoided. However, basic conceptual definitions needs to be kept solid as those are then needed in procedures such as:
- Intra and inter frequency measurements.
- Mobility procedures – Handover and cell re-selection.
- Radio link monitoring and declaring radio link failure 
- Security context and key management. 
To avoid ambiguity in above concepts it is proposed to consider following definitions: 
[bookmark: _Ref485383429]Proposal 4: A carrier frequency that transmits SS-Block can be configured as a PCELL for UE in RRC connected mode.
[bookmark: _Ref485383434]Proposal 5: A single cell transmits SS-block(s) in single frequency location. 
[bookmark: _Ref485383439]Proposal 6: Carrier frequency portion that does not transmit SS-block can be configured as SCell with identical timing and QCL as PCell/SCell that transmits SS-block.

3	Conclusion
Based on discussion it is made following proposals:
Proposal 1: Two different SS-blocks can point to different CORESET’s, and content (PSS/SSS/PBCH) of SS-Blocks are independent.
Proposal 2: Different RMSI CORESET’s can indicate different RMSI, RACH and paging configurations.
Proposal 3: Each SS-block defines logically own cell, with capability to address the full system bandwidth with single DCI scheduling decision.
Proposal 4: A carrier frequency that transmits SS-Block can be configured as a PCELL for UE in RRC connected mode.
Proposal 5: A single cell transmits SS-block(s) in single frequency location.
Proposal 6: Carrier frequency portion that does not transmit SS-block can be configured as SCell with identical timing and QCL as PCell/SCell that transmits SS-block.
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*  Support single and multiple SS block transmissions in wideband CC in the
frequency domain
— Fornon CA UE with a smaller BW capability and potentially for CA UE,

the measurement gap for RRM measurement and potentially other
urposes (e.g., path loss measurement for UL power control) using SS
lock is supported (if it is agreed that there is no SS block in the active
BW part(s))
—  UE can be informed of the presence/parameters of the SS block(s) and
arameters necessary for RRM measurement

*  FFS: via either RMSI, other system information, or RRC

signaling

—  FFS: number of SS blocks in wideband
—  FFS: number of SS blocks for RRM measurement
—  FFS: Details of measurement configuration
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