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[bookmark: _Ref471367327]Introduction
[bookmark: _Hlk489610441]For the synchronization signal design, the following topics and working assumptions were agreed and/or FFS in RAN1 NR AdHoc#3 meeting [1]:
Agreements:
· 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:
· 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.
· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier
· Note: This is a clarification of the previous agreement
· Send an LS to RAN2 – Asbjorn (Ericsson), drafted in R1-1716835, which is agreed in R1-1716907:
· By adding cc-ing to RAN4, and
· By removing “Note: From the RAN1 perspective, the cell defining SS block could for example be used for 
· Common PRB indexing
· Scrambling
· Etc.”
· By removing “Note: This is a clarification of the previous agreement”


A few remaining details for the synchronization signal design will be discussed below, including the actual transmitted SS blocks indication confirmation and multiple SS blocks transmission in the wideband CC. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc468450825]Actual transmitted SS blocks indication
For over 6GHz case, there’re 64 SS/PBCH candidate positions, which requires compressed bit mapping method to indicate actually transmitted SS/PBCH blocks. In general, the more bits used would mean the more flexible selection on the SS/PBCH block positions in a SS burst set. And it maybe not necessary to have full flexible selection, group bit mapping together with the bit mapping within each group is proposed as the way forward. 
[bookmark: _Toc494229674][bookmark: _Toc494229779][bookmark: _Toc494409646][bookmark: _Toc492395143][bookmark: _Toc492951854][bookmark: _Toc492652528][bookmark: _Toc492652618][bookmark: _Toc494412089][bookmark: _Toc494412152][bookmark: _Toc494412173][bookmark: _Toc494412178][bookmark: _Toc494412202][bookmark: _Toc494412207][bookmark: _Toc494412533][bookmark: _Toc494412550][bookmark: _Toc494412580][bookmark: _Toc494412584][bookmark: _Toc494469831][bookmark: _Toc494627429][bookmark: _Toc494627436][bookmark: _Toc494722358][bookmark: _Toc494729061][bookmark: _Toc494729068][bookmark: _Toc494729093][bookmark: _Toc494730930][bookmark: _Toc494731023][bookmark: _Toc494737202][bookmark: _Toc494737368][bookmark: _Toc494737396][bookmark: _Toc494758480][bookmark: _Toc494758644][bookmark: _Toc494759445][bookmark: _Toc494779688][bookmark: _Toc494229675][bookmark: _Toc494229780][bookmark: _Toc494409647][bookmark: _Toc494412090][bookmark: _Toc494412153][bookmark: _Toc494412174][bookmark: _Toc494412179][bookmark: _Toc494412203][bookmark: _Toc494412208][bookmark: _Toc494229676][bookmark: _Toc494229781][bookmark: _Toc494409648][bookmark: _Toc494412091][bookmark: _Toc494412154][bookmark: _Toc494412175][bookmark: _Toc494412180][bookmark: _Toc494412204][bookmark: _Toc494412209][bookmark: _Toc494412534][bookmark: _Toc494412551][bookmark: _Toc494412581][bookmark: _Toc494412585][bookmark: _Toc494469832][bookmark: _Toc494627430][bookmark: _Toc494627437][bookmark: _Toc494722359][bookmark: _Toc494729062][bookmark: _Toc494729069][bookmark: _Toc494729094][bookmark: _Toc494730931]Confirm the below assumption for indication of actually transmitted SS/PBCH blocks in case of over 6GHz: Group-Bitmap(8 bits) + Bitmap in Group (8 bits) 
Multiple SS blocks in wideband CC
[bookmark: _Hlk494465700]At the RAN1 NR AH #3, the following was agreed

Agreements:
· 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.
· Multiple SS blocks can be transmitted within the bandwidth of a wideband carrier
· Note: This is a clarification of the previous agreement

Our interpretation of this is as follows: 
The UE has one specific SSB associated with its serving cell, here referred to as the cell-associated SSB. Thus SS-based measurements on the serving cell are carried out on the cell-associated SSB. If the cell-associated SSB is outside of the UE active bandwidth part, measurements on the serving cell are enabled by measurement gaps. If serving-cell measurements are to be carried out on a different SSB on a different frequency-domain position (see also below) that, per definition, implies a handover to another serving cell.
[bookmark: _Toc494737205][bookmark: _Toc494737371][bookmark: _Toc494737399][bookmark: _Toc494758483][bookmark: _Toc494758645][bookmark: _Toc494759446][bookmark: _Toc494779689]SSB-based measurements on the serving cell are done on the cell-associated SSB. If the cell associated SSB is outside of the UE active BWP, measurements on the serving cell are enabled by of measurement gaps. 
There may be additional SSBs within the bandwidth of the wideband carriers on which the UE is camping Such SSB may be transmitted from the same site, in practice on the same physical carrier, as the cell-associated SSB, or from other sites (on other physical carriers). However, this does not imply any fundamental difference from a UE point of view
[bookmark: _Toc494737206][bookmark: _Toc494737372][bookmark: _Toc494737400][bookmark: _Toc494758484][bookmark: _Toc494758646][bookmark: _Toc494759447][bookmark: _Toc494779690]From a UE point-of-view, there is no fundamental difference between additional SSBs (beyond the cell-associated SSB) transmitted on the same physical carrier or different physical carriers.
If an additional SSB is transmitted within the UE active bandwidth part on the same physical carrier as the cell-associated SSB, and the cell-associated SSB is outside of the UE active bandwidth part, it is beneficial if there is a possibility for the UE to use the other SSB as time/frequency reference for reception from the serving cell. Thus there should be a possibility to configure the UE with an SSB other than the cell-associated SSB as a time/frequency reference for reception from the serving cell. However, such a configuration should, in itself, not imply that the UE can make any other assumptions regarding the configured SSB. 
[bookmark: _Toc494737207][bookmark: _Toc494737373][bookmark: _Toc494737401][bookmark: _Toc494758485][bookmark: _Toc494758647][bookmark: _Toc494759448][bookmark: _Toc494779691]A UE may be configured with an SSB, other than its cell-associated SSB, that the UE can use as time/frequency reference for reception from its serving cell. This should not imply that the UE can make any other assumptions regarding the configured SSB.
For the case when additional SSBs are transmitted on the same physical carrier as the cell-defining SSB, is it beneficial if the mapping of other downlink transmissions can avoid mapping to the corresponding resources, in the same way as the UE can assume that downlink transmissions avoid resources used for transmission of the cell-associated SSB. Thus it should be possible to configure the UE such that it assumes at least PDSCH rate matching to avoid mapping to resource assigned for such other SSBs. However, such a configuration should, in itself, not imply that the UE can make any other assumptions regarding the configured SSB. Especially, such configuration should, in itself, not imply that the UE can assume that an SSB is actually transmitted within the corresponding resource.
[bookmark: _Toc494737208][bookmark: _Toc494737374][bookmark: _Toc494737402][bookmark: _Toc494758486][bookmark: _Toc494758648][bookmark: _Toc494759449][bookmark: _Toc494779692]A UE can be configured to assume downlink transmissions being rate matched around resources corresponding to additional SSBs. Such configuration should not, in itself, imply that the UE can make any assumptions on the actual SSB being present and what it can be used for.
In case multiple SSBs are transmitted at different frequency-domain positions within the SS grid within the same physical carrier, they can obviously be found at initial cell search. If such SSBs are pointing to proper RMSI they can be used for random access and eventually be used as cell-associated SSBs by devices. This would imply that multiple SSBs transmitted on the same physical carrier would correspond to different cells, something which is technically and logically correct. However, there may be cases where there is a desire to transmit multiple SSBs within the same physical wideband carrier, while at the same time avoiding multiple such overlapping cells. This can be achieved, for example, by transmitting additional SSBs outside of the regular SSB grid
[bookmark: _Toc494737209][bookmark: _Toc494737375][bookmark: _Toc494737403][bookmark: _Toc494758487][bookmark: _Toc494758649][bookmark: _Toc494759450][bookmark: _Toc494779693]It should be possible to transmit SSBs outside of the SSB grid. Such SSB cannot be found at initial cell search. However, a UE can be configured to do SSB-based measurements on such SSB
Minimum carrier bandwidth and SS block numerology
RAN4 sent an LS to on minimum carrier bandwidth and SS block numerology, R1-1715373[2], identifying conflicting requirements on when selecting the subcarrier spacing for different bands. The topic was discussed at RAN1 NR adhoc#3, but with no resolution. The two alternatives identified were:
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
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

In [3], we suggested alternative 1 as the solution and think the following issues should be considered before deciding:
· The current PBCH bandwidth requires 15 kHz and 120 kHz subcarrier spacing to be used in the RAN4 chosen minimum bandwidths of 5 MHz and 50 MHz, respectively. As the RAN4 indicates, operators without the bandwidth limitation want to use the higher subcarrier spacing in the same bands. The question is then if it is only the bandwidth of the PBCH that makes it impossible to select a single subcarrier spacing for the bands in question or would there be wish for different subcarrier spacing regardless. In the latter case, the question is if most bands will end up having multiple subcarrier spacings? 
· The issue of cell search complexity in general is a concern. For bands were the PBCH fills almost the entire minimum bandwidth, there is no possibility of having a sparser search raster than channel raster and these bands will be slow to search. If alternative 2 is then selected, the search time is further increased. However, even if multiple subcarrier spacing is allowed per band would apparently eliminate the PBCH bandwidth reductionn as a solution from the original problem, the reduction in PBCH bandwidth could help on the total search complexity since it allows a sparser raster.
· Even if there are good arguments for changing the PBCH bandwidth, is also understood that this is a very late change.
Conclusion
Based on the discussions in section 2 we propose the following:
Proposal 1	Confirm the below assumption for indication of actually transmitted SS/PBCH blocks in case of over 6GHz: Group-Bitmap(8 bits) + Bitmap in Group (8 bits)
Proposal 2	SSB-based measurements on the serving cell are done on the cell-associated SSB. If the cell associated SSB is outside of the UE active BWP, measurements on the serving cell are enabled by of measurement gaps.
Proposal 3	From a UE point-of-view, there is no fundamental difference between additional SSBs (beyond the cell-associated SSB) transmitted on the same physical carrier or different physical carriers.
Proposal 4	A UE may be configured with an SSB, other than its cell-associated SSB, that the UE can use as time/frequency reference for reception from its serving cell. This should not imply that the UE can make any other assumptions regarding the configured SSB.
Proposal 5	A UE can be configured to assume downlink transmissions being rate matched around resources corresponding to additional SSBs. Such configuration should not, in itself, imply that the UE can make any assumptions on the actual SSB being present and what it can be used for.
Proposal 6	It should be possible to transmit SSBs outside of the SSB grid. Such SSB cannot be found at initial cell search. However, a UE can be configured to do SSB-based measurements on such SSB
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