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Introduction
[bookmark: _Ref178064866]It has been agreed [1] that SSB (in particular, PSS and SSS) shall be used for T/F synchronization for the purposes of receiving signals transmitted from an NR cell. In particular, it has been agreed that SSB will be QCL with active mode measurement signals CSI-RS. However, in some special deployments and scenarios, the default SSB may not be usable or available as a sync source for receiving the measurement signals. This contribution first motivates the existence of such scenarios and use cases where alternative sync support should be considered. It then presents a framework for additional, possibly dynamic, sync provision proposed via special SSB configurations or other signals.

This contribution has been significantly revised from R1-1720944. 
Discussion
[bookmark: _Ref480811488]A variety of deployments
In order to handle the expected broad range of NR network requirements, the prospective NR deployments may differ significantly. Some aspects that will differ are the ISD of the TRPs and the degree of synchronization between the gNBs and their TRPs, standalone and non-standalone operation, different SSB transmission periods, etc.  
In such varying deployments, different signals will be transmitted with different spatial and temporal characteristics. In some cases, a mismatch may occur that does not satisfy the preferred QCL assumptions in baseline deployments. This may complicate the use of the default SSB signals as a T/F reference for reception of other signals. Not all attractive and feasible deployment combinations can be foreseen at this time.  
[bookmark: _Toc485117318][bookmark: _Toc485122755][bookmark: _Toc485148411][bookmark: _Toc485294686][bookmark: _Toc485407855][bookmark: _Toc492598278][bookmark: _Toc492598315][bookmark: _Toc492629150][bookmark: _Toc492631145][bookmark: _Toc492915161][bookmark: _Toc494198301][bookmark: _Toc494199969][bookmark: _Toc494199981][bookmark: _Toc494200022][bookmark: _Toc494200030][bookmark: _Toc494200090][bookmark: _Toc494716909][bookmark: _Toc494746957][bookmark: _Toc498673311][bookmark: _Toc498721265][bookmark: _Toc503535857]There will exist a variety of network deployments where default SSB reception does not spatially or temporally match the reception of other transmitted signals. 
Below we will provide some examples of scenarios and use cases where the different transmission characteristics for different signals may deteriorate system performance or make intended operation impossible.
CSI-RS use cases deviating from SSB QCL assumptions
In intra-TRP beam management, CSI-RS RSRP measurements are used to evaluate the quality of candidate beams and compare them to the current serving beam. The CSI-RS measurements are typically performed in the frequency domain after applying an FFT based on T/F reference values of the serving beam. The SSB are commonly intended to be used as the sync reference for CSI-RS and a corresponding QCL relationship is mandated. Some QCL aspects may be enforced by virtue of transmitting from the same TRPs, e.g. Doppler properties. But other characteristics like e.g. the spatial RX properties are often expected to differ due to finer CSI beam widths and higher directivity of CSI-RS beams.  In some deployments, narrow beams transmitted from a given TRP can take different paths to the UE. It is not uncommon that reflections from farther-away objects may incur a path distance difference of hundreds of meters compared to another, short-distance path, while still remaining viable signal-strength-wise. Due to the effective timing error for the candidate beam, even if it does not exceed the CP length of the CSI-RS symbol, the RSRP estimates will be overly pessimistic. Such occurrences have already been observed in practice in 5G test deployments. While moderate such offsets can in principle be compensated in the F-domain, in other cases the resulting offset may well exceed the CP length and make measurements impossible.
[bookmark: _Toc498673312][bookmark: _Toc498721266][bookmark: _Toc503535858]In some deployments, beam management RSRP measurements using solely CSI-RS may not be reliable. 
CSI-RS will also be used for active mode mobility measurements. RSRP from CSI-RS from serving and neighbor cells or TRPs can be reported by the UE. Performing an RSRP measurement on a neighbor-cell CSI-RS presumes the availability of T/F sync for the candidate cell. If the received candidate cell signals are not T/F aligned with the serving cell at the UE location, the candidate cell’s SSB should be used as a T/F reference source. However, there are scenarios where the neighbor-cell SSB may not be detectable, e.g. when the UE is simultaneously receiving high-gain data from the serving cell. The power density imbalance of the signals may be 20-30 dB when large antenna arrays are employed and SSB reception may be impossible due to ADC dynamic range or extreme interference limitations. Another problematic use case is performing CSI-RS measurements on silent nodes that do not transmit the SSB. 
[bookmark: _Toc498673313][bookmark: _Toc498721267][bookmark: _Toc503535859]In some deployments, neighbor-cell CSI-RS RSRP measurements for active mode mobility, using the cell’s default SSB as the sync source, may not be reliable. 
Additional sync provision 
Since there are various potential use cases where the default SSB does not serve as a viable source of T/F sync for CSI-RS measurements, there is a clear motivation for introducing a mechanism for additional sync provisioning for these use cases. 
It is possible to introduce flexible sync provisioning approaches that build upon the established SSB framework, avoiding the need for introducing additional physical signal structures. The UE can then use the PSS/SSS receiver structure designed for SSB reception for detecting the additional sync signals as well.
1. [bookmark: _Toc484684183][bookmark: _Toc484684359][bookmark: _Toc484702642][bookmark: _Toc484770623][bookmark: _Toc485117319][bookmark: _Toc485122761][bookmark: _Toc485148417][bookmark: _Toc485294693][bookmark: _Toc485407861][bookmark: _Toc492598285][bookmark: _Toc492598321][bookmark: _Toc492629156][bookmark: _Toc492631151][bookmark: _Toc492915167][bookmark: _Toc494198308][bookmark: _Toc494199976][bookmark: _Toc494199988][bookmark: _Toc494200028][bookmark: _Toc494200036][bookmark: _Toc494200096][bookmark: _Toc494716916][bookmark: _Toc494746964][bookmark: _Toc498673318][bookmark: _Toc498721272][bookmark: _Toc503535860]An additional sync signal provision mechanism building on the established SSB structure can be utilized by the UE by reusing existing receiver structures.
In one such approach, the NW can transmit conventional cell-defining SSBs as a wide-beam or cell-covering transmissions that are QCL (i.e. can be used as the sync reference) for access-related signals (RMSI, RAR, paging, etc.) while other SSBs (off the cell search grid) can be more narrowly beamformed to provide higher-resolution beam direction info and/or to support active mode procedures; they can also be dynamically activated and configured. It is not necessary to use the same beam width or power for all transmissions, or contiguous directions.
One possible deployment is depicted in Figure 1. In this example, the idle mode functions are handled by a cell-defining SSB0 which has an omni-coverage (blue) while the SS Blocks SSB1, SSB2, and SSB3 are transmitted with sector-wide beams and handle 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, …).

[image: ]
[bookmark: _Ref493669226]Figure 1: Example low-frequencies (<3GHz) deployment with L=4 SS Blocks. 3-sector site with same PCI.
In Figure 2 we depict an example scenario where 7 different nodes (TRPs) are assigned one SS Block index each (red circles). In addition, the 7 TRPs in the cell jointly transmit an additional cell-defining 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, …). 
[image: ]
[bookmark: _Ref493669511]Figure 2: Example medium-frequency deployment (3-6 GHz) L=8 and 7-TRP cluster with same PCI.
For high frequency bands, 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 off-grid SSB for active mode functionalities. In addition, the TRPs jointly transmit an on-grid SSB0 for support of one or more idle mode functionalities. This kind of deployment is sometimes referred to as distributed massive MIMO, see e.g. [3]. 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. 
[image: ]
[bookmark: _Ref493676514]Figure 3: Example high-frequency deployment (above 6GHz) L=64:
e.g. building-covering Indoor deployment.
We can utilize the agreed mechanism for configuring off-search-grid SSBs [4]. 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, e.g. own- and neighbor-cell CSI-RS measurements. 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.
[image: ]
[bookmark: _Ref493677079]Figure 5: Example deployment in wide bandwidth. The leftmost part of Figure 4 applies also to this scenario.

[bookmark: _Toc494200099][bookmark: _Toc494716903][bookmark: _Toc494746966][bookmark: _Toc498673319][bookmark: _Toc498721273][bookmark: _Toc503535861]NR should support QCL association of beam management and mobility measurement signals with off-grid SSBs.
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.
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: _Toc498673320][bookmark: _Toc498721274][bookmark: _Toc503535862]RRC signaling is used to indicate to the UE 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.
[bookmark: _Toc498673321][bookmark: _Toc498721275][bookmark: _Toc503535863]RAN2 should define the contents of the respective RRC fields.

 
Conclusion
Based on the discussion in Section 2, we have the following observations:
Observation 1	There will exist a variety of network deployments where default SSB reception does not spatially or temporally match the reception of other transmitted signals.
Observation 2	In some deployments, beam management RSRP measurements using solely CSI-RS may not be reliable.
Observation 3	In some deployments, neighbor-cell CSI-RS RSRP measurements for active mode mobility, using the cell’s default SSB as the sync source, may not be reliable.
Observation 1	An additional sync signal provision mechanism building on the established SSB structure can be utilized by the UE by reusing existing receiver structures.
Based on the discussion in Section 2, we propose the following:
Proposal 1	NR should support QCL association of beam management and mobility measurement signals with off-grid SSBs.
Proposal 2	RRC signaling is used to indicate to the UE 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.
Proposal 3	RAN2 should define the contents of the respective RRC fields.
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