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Introduction
[bookmark: _Ref178064866]At RAN1 #89, it was agreed that NR would support the transmission of multiple SS blocks in the frequency domain within a downlink carrier. 
More specifically, the following was concluded:
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non CA UE with a smaller BW capability and potentially for  CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block 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 parameters 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

The term wideband (component) carrier (wideband CC) has been used with two slightly different meanings in different 3GPP discussions:
· It may refer to a carrier with a bandwidth larger than the minimum UE bandwidth capability, implying that there may be UEs that are not capable of simultaneously receiving the full wideband carrier. We will refer to the corresponding UEs as “bandwidth-limited UEs”
· It may refer to a carrier with a bandwidth such that there may be UEs that can only receive the full wideband carrier by means of multiple more narrowband receivers operating in parallel on different subbands of the carrier. Differently expressed, the UE receiver sees the wideband carrier as a carrier aggregation of a set of more narrowband carriers. We will refer to the corresponding UEs as “CA-UEs”.
Both these scenarios are relevant in relation to the agreement above.
At the June RAN1 NR AdHoc, there was a separate agreement to, in a carrier-aggregation scenario, allow for carriers without any SSB. 
· Usage scenario #4 in R1-1711795 is supported in the context of non-contiguous intra-band carrier aggregation
· Carrier without SS block can be configured for some UEs
[bookmark: _Ref480811488]Discussion
Number of SSB within a component carrier
From the agreements above one can make a first observation
Observation 1: From a UE point-of-view there may be zero, one, or multiple SSBs within a carrier
Although not explicit in the second agreement above we assume that a carrier with no SSB can only exist in a carrier aggregation where at least one of the component carriers include SSB.
Proposal 1: A carrier with no SSB can only exist in a carrier aggregation scenario where at least one of the component carriers includes SSB
Operating a carrier with a single SSB
In case of a single SSB within a wideband carrier, the active bandwidth part of a band-limited UE may not include any SSB that the UE could use to retain time/frequency synchronization to the current cell. In this case other reference signals, such as TRS, can be used for time/frequency tracking, at least for UEs in connected state. At the same time, in idle state it is always possible to have UEs camping on a bandwidth part within which there is an SSB. 
Similarly, when a band-limited UE is to carry out RRM measurements on a wideband carrier within which there is only a single SSB, there may not be any SSB to measure on within the frequency range of the UE active bandwidth part. As concluded in the above agreement, RRM measurements could, in this case, be enabled by means of measurement gaps and corresponding re-tuning of the UE receiver. RRM measurements may also be carried out on other signals such as CSI-RS
In case of a single SSB within a wideband carrier, a CA-UE will not have an SSB within each of its narrow-band receiver “carriers”. Also in this case, other reference signals, such as TRS, can be used for per-component-carrier time/frequency tracking. Furthermore, synchronization to the wideband carrier can be achieved by sharing synchronization information between the different receiver carriers. Note that, as already observed above, components carriers without SSB should anyway be supported in a carrier-aggregation scenario. 
Multiple SSB within a carrier
In case of multiple SSBs within a carrier, SSB-based synchronization and measurement can readily be done. 
· For a band-limited UE there would always be an SSB for synchronization and measurements within the frequency range of the active bandwidth part
· For a CA-UE there would always been an SSB for the synchronization (and measurements if desired) within each “receiver” carrier

At the same time, there are several remaining questions in case of multiple SSBs within a carrier 

Question: Do the different SSBs within the carrier have identical PSS and SSS? 
As the PSS/SS depend on the physical-layer cell identity (PCI), multiple SSBs with different PSS/SSS would, per definition, correspond to different co-sited cells with carriers frequency-wise on top of each other. Such a deployment would clearly be possible, albeit perhaps not making sense in practice. More importantly, specification-wise this would not be any different compared to the normal case of multiple non-co-sited cells. 
Observation 2: Multiple SSB with different PSS/SSS within a wideband carrier is equivalent to multiple overlapping cells/carriers, each with a single SSB

Question: Are the multiple SSBs within a carrier detectable at initial cell search
If multiple SSBs within a carrier can be detected at initial cell search, different UEs may find the cell via different SSBs. Regardless of via what SSB the cell is found, all UEs must then be able to acquire RMSI, have the same understanding of the frequency-domain indexing of reference signals, etc.
Alternatively, one may consider having only a single SSB detectable at initial cell search. In this case, the detectable SSB could be seen as a primary (cell-defining) SSB with the remaining SSBs being secondary or auxiliary SSBs that UEs would only be aware of after accessing the system. The auxiliary SSBs would not point to any RMSI. One may also question if the auxiliary SSBs would need a PBCH part. 
Proposal 2: In case of multiple SSB within a wideband carrier, not all SSBs may be detectable at initial cell search. The non-detectable SSBs may not point to any RMSI
There are different ways of making SSBs not detectably at initial cell search:
· The SSB could, at least in principle, use a PSS or SSS sequence that is different from the PSS/SSS sequences specified for “normal” (= primary) SSB
· The SSB could be transmitted at frequency positions not within the frequency raster defined for SSB
· The SSB may not include any PBCH. In this case, the UE would detect the PSS/SSS but not be able to decode any corresponding PBCH, presumably leading to the UE continue cell search on the next point in the carrier raster. 
· The PBCH may include a flag indicating that this is an “auxiliary SSB” via which the UE should not access the network. 

Question: How to treat resources used by additional SSBs?
The treatment of resources used by additional SSBs should not be different compared to the case of a single SSB, i.e. PDSCH transmissions are rate matched around the corresponding resource blocks.[footnoteRef:2] As a consequence, a UE must have knowledge of the presence of any SSB being transmitted within its frequency range of interest. The corresponding information should be  provided as part of the cell system information. [2:  If the SSB ”collide” with other signals, those signals could punctured. ] 


Question: What is the maximum number of SSBs within a carrier?
In principle, the maximum number of SSBs within a wideband carrier should upper limited by the maximum carrier bandwidth divided by the minimum bandwidth of an active bandwidth part. Although a UE doing PDCCH monitoring, may have an active bandwidth part that is smaller than the UE bandwidth capability, we think that e.g. RRM measurements, in that case, could be handled by periodically extending the active bandwidth part. Thus the maximum number of SSBs within a wideband carrier can probably  be upper limited by the maximum carrier bandwidth divided by the minimum UE bandwidth capability. 
Proposal 3: The maximum number of SSB within a wideband carrier is upper limited by the maximum component carrier bandwidth divided by the minimum UE bandwidth capability. 
It should also be noted that the only practical impact of the maximum number of SSBs within a wideband carrier is on system-information/RRC signalling needed to inform UEs about the different SSBs. 

Question: In case of multiple SSB within a wideband carrier, should RRM measurements be based on a single or multiple SSB
At least in principle a UE may measure and report on different SSB corresponding to the same carrier. However, from a UE point of view these are different independent measurements/reports that the network can combine if desirable. 
Proposal 4: In case of multiple SSB within a carrier, RRM measurements and reporting should be carried out on a per-SSB basis.

[bookmark: _GoBack]Proposals
Proposal 1: A carrier with no SSB can only exist in a carrier aggregation where at least one of the component carriers include SSB
Proposal 2: In case of multiple SSB within a wideband carrier, not all SSBs may be detectable at initial cell search
Proposal 3: The maximum number of SSB within a wideband carrier is upper limited by the maximum component carrier bandwidth divided by the minimum UE bandwidth capability. 
Proposal 4: In case of multiple SSB within a carrier, RRM measurements and reporting should be carried out on a per-SSB basis.
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