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Introduction
RAN1 has been discussing deployments and scenarios where the default SSB may not be usable or available as a sync source for receiving additional signals. Even though most of the discussion is RAN1 internal, the configuration of the quasi-co-location (QCL) assumptions need to be addressed in RAN2.
In this contribution, we explain scenarios and use cases where alternative sync support should be considered, and then identify the required signaling support in RAN2 specifications.
[bookmark: _Ref473901911]Discussion 
There are many potential use cases where the default SSB does not serve as a viable source of T/F sync for e.g. NR-PDCCH reception or CSI-RS measurements (see [1] for details). Situations affecting initial access to the NW, e.g. the RA process, are of particular importance. The described use cases therefore motivate introduction of a mechanism for additional sync provisioning. 
One possible deployment is depicted in Figure 1. Assuming a low frequency band deployment (below 3 GHz) the maximum number of SS Blocks that can be beam-swept in NR is L=4. In this example, the idle mode functions are handled by SSB0 which has an omni-coverage (blue) while the SS Blocks SSB1, SSB2, and SSB3 are transmitted with sector wide beams and handles active mode related functions. Note that different nodes (base stations, gNBs) constitute different cells in this example and hence have different PCIs (PCI1, PCI2, PCI3, …).
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[bookmark: _Ref493669226]Figure 1: Example low-frequencies (<3GHz) deployment with L=4 SS Blocks. 3-sector site with same PCI.
For “mid-band deployments” between 3 GHz and 6 GHz, NR can be configured with up to L=8 SS Blocks per cell. In Figure 2 we depict an example scenario where 7 different nodes (TRPs) are assigned with one SS Block index each (red circles). In addition, the 7 TRPs in the cell jointly transmit an additional SSB0 (e.g. in a single frequency network (SFN) joint synchronized transmission fashion). In this example, groups of 7 TRPs constitute one cell (as seen from the UE) and the network consist of several such cells with different PCIs (PCI1, PCI2, PCI3, …). 
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[bookmark: _Ref493669511]Figure 2: Example medium-frequency deployment (3-6 GHz) L=8 and 7-TRP cluster with same PCI.
For high frequency bands, the number of SS Blocks per NR cell can be L=64 and there are a large number of possible ways to utilize those beams in a network deployment. One example is depicted in Figure 3 showing an indoor system consisting of one radio base station (RBS) with multiple transmission points (TRPs), each TRP associated with one SSB for active mode functionalities. In addition, the TRPs jointly transmit SSB0 for support of one or more idle mode functionalities. An alternative way to use 64 beams is to assign 1 PCI to a group of 7 TRPs and then assign 7 SS Block indexes to each of the TRPs. In combination with a jointly transmitted SSB0 for some idle mode functionality this would add up to 9x7+1 = 64 beams. 
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[bookmark: _Ref493676514]Figure 3: Example high-frequency deployment (above 6GHz) L=64:
e.g. building-covering Indoor deployment.
Time multiplexing of SS Blocks and RMSI transmissions is suitable for scenarios when the system bandwidth is limited. This is exemplified in Figure 4 where one sector contains one wide beam (SSB0) and 3 narrow beams (SSB1-SSB3). By transmitting the RMSI, OSI and/or paging only in the wide beam and not in narrow beams corresponding to the SSB1-SSB3 we can reduce the amount of spatial repetition required.
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[bookmark: _Ref493675715]Figure 4: Example deployment in narrow bandwidth.

In another approach, we can utilize the agreed mechanism for configuring off-search-grid SSBs. In this approach, the on-search-grid SSBs may be kept broad and QCL with access signals. In addition, dynamic off-grid (non-cell-defining) SSBs may be employed to support active mode procedures. In this way, the dynamic SSBs become invisible for idle mode UEs. This is depicted in Figure 5. Alternatively, the off-grid SSBs may omit transmitting some information that is required only for system access (e.g. the PBCH) and thus do not assist UEs that use these SSBs for sync purposes only. The off-grid SSBs may be activated dynamically only when signals they are assisting are present and they may be configured with different repetition periods compared to the default SSBs.
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[bookmark: _Ref493677079]Figure 5: Example deployment in wide bandwidth. The leftmost part of Figure 4 applies also to this scenario.

In order to enable the SSB-based additional sync provision mechanism, the relevant QCL relationships and/or the use of off-grid SSBs must be signaled to the UE in order for the UE to configure system access, paging, or measurement signal reception with proper SSB reference and QCL assumptions.
In [2], it is proposed that a bit in PBCH be used to indicate whether the RMSI is QCL with the SSB. If the bit indicated a non-QCL configuration, an alternative sync source may effectively be implied. For the RMSI reception use case, the SSB-RMSI QCL bit in MIB [2] can be used to indicate which SSB transmissions are suitable (QCL) for RMSI PDCCH reception. If the deployment examples of Fig. 1-3 is used, the QCL bit in the given SSBn (n>0) beam set to 0 directs the UE to use SSB0 for RMSI reception. This signaling approach can be defined by RAN1; no RAN2 involvement is necessary.
For the RAR, OSI, and paging use cases, the suitable UE receiver configuration with regard to SSB QCL relations can be indicated in RMSI. SIB1 thus configures the UE to use appropriate (QCL) SSB instances for relevant PDCCH/PDSCH reception.  
[bookmark: _Toc494369885]RAN2 should introduce information elements in SIB1 to indicate which time indices in the default SSB sweep and/or which off-grid SSBs should be used as QCL reference for PDCCH/PDSCH reception for RAR, OSI, and paging.
For the CSI-RS-based beam management and mobility use cases, the suitable UE receiver configuration with regard to SSB QCL relations can be indicated via RRC signaling. The RRC signaling from the NW thus configures the UE to use appropriate (QCL) SSB instances for relevant CSI-RS reception.  The use of TRS as fine sync support for CSI-RS detection is being discussed; the additional sync SSBs may also be used as a reference for TRS reception.
[bookmark: _Toc494369886]RAN2 should introduce information elements in RRC Reconfiguration message to indicate which time indices in the default SSB sweep and/or which off-grid SSBs should be used as QCL reference for CSI-RS and/or TRS reception for beam management and/or active mode mobility measurements.
Conclusion
Based on the discussion in section 2.1, we propose
Proposal 1	RAN2 should introduce information elements in SIB1 to indicate which time indices in the default SSB sweep and/or which off-grid SSBs should be used as QCL reference for PDCCH/PDSCH reception for RAR, OSI, and paging.
Proposal 2	RAN2 should introduce information elements in RRC Reconfiguration message to indicate to which time indices in the default SSB sweep and/or which off-grid SSBs should be used as QCL reference for CSI-RS and/or TRS reception for beam management and/or active mode mobility measurements.
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