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Introduction
In RAN1#90, the following agreement was made regarding L1-RSRP measurements based on SSB:
Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)

In RAN1-NRAH3, the following agreement was made:
Agreement:
· Support configuration of SSB for a UE to measure and report one or more L1-RSRP(s) 
· FFS: whether the set of SSBs is all of the SSB beams or a subset of them
· Alt1: Support configuration of SSB resources within a resource setting for beam management.
· L1-RSRP measurement on these resources is reported
· Alt2: Support configuration of the RS type (e.g. SSB, CSI-RS) in a reporting setting for beam management.
· L1-RSRP measurement on these resources is reported
· Down-select between the two options

In this contribution, we discuss how the CSI framework can be extended to also include reporting on SSB beams.
[bookmark: _Ref178064866]Discussion
Here we consider the 3rd approach listed in the first agreement: SS block + CSI-RS with independent L1 RSRP reporting. In our view, it is very natural to extend the CSI and beam management framework to include resource and report settings that are based on SSB in an analogous fashion to settings that are based on CSI-RS. 
We consider a use case in which SSB is used for the purposes identifying new beams as they appear due to UE movement and/or rotation. Since the SSB beams typically sweep most of the coverage area of a TRP, use of the SS blocks for beam management can relieve some of the burden on configuration of UE-specific CSI-RS. Here we consider CSI-RS used in an aperiodic fashion to refine coarse beams identified through SS block measurements, thus avoiding configuring CSI-RS to sweep the entire coverage area.
Figure 1 shows a configuration example to support this use case. In this diagram there are two aperiodic report settings linked to a resource setting containing two sets of aperiodic CSI-RS resources used for the purposes of beam refinement. One set is configured with the repetition IE set to OFF, and the other with repetition set to ON. DCI jointly selects the Report Setting 1 + Set 1 when a P2 procedure (gNB Tx beam sweep) is triggered, and jointly selects Report Setting 2 + Set 2 when a P3 procedure (UE Rx beam sweep) is triggered.
In addition, the diagram shows Resource Setting 2 which contains a set of periodic SSB resources. This is linked to Report Setting 3 which in this example is configured as periodic. Similar configurations may be constructed in a straight forward manner for the case of semi-persistent or aperiodic reporting on SSB. In this example, the UE is configured to report the top two RSRPs and corresponding SSB indexes on a periodic basis, e.g., once per 20 ms.
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[bookmark: _Ref492823453]Figure 1: CSI / Beam management framework extended to include report and resource settings based on SSB
[bookmark: _Hlk494640858]A key consideration in configuring L1-RSRP reporting based on SSB is the uplink signalling overhead (UCI). In order to uniquely identify an SS block from an arbitrary unknown TRP, a fairly large number of bits could be required. The PSS and SSS together uniquely identify a cell ID, and it has been agreed to support in the order of 1000 cell IDs (approximately double that of LTE). Hence this requires on the order of 10 bits. Up to 64 SS blocks can be configured in an SS burst set, meaning up to additional 6 bits are required to identify the SS block time index. This results in 16 bits, and if one accounts for an additional 7 bits to represent an RSRP value, a minimum of 23 bits are required to signal an SS beam index and a corresponding RSRP measurement. This is a fairly large value considering what payload sizes are being considered for PUCCH. Even if reporting is restricted to within cell, 6 bits will be required to identify the SS beam index. Note that the UL signalling must be dimensioned to handle the situation where all 64 SSB are transmitted, although a much smaller number of SSBs will typically be used.
One approach for overhead reduction is to configure the UE using RRC with a table containing a mapping between full SS block identities and short measurement identities. The full SS block identity would include the ~10bits representing the PSS/SSS identity and the up to 6 bits representing the SS block time index, whereas the short measurement identity would be 6 bits or less, depending on how many SSBs are configured. The short identity would be the one used in the measurement report. By using a short identity in this way, it would also be possible to perform measurements on a preconfigured subset of the available SS block beams, rather than the full set. This approach is similar to the CSI framework, where the UE is configured with one or more sets of CSI-RS resources via RRC. Each CSI-RS resource within a set is then identified by a short identifier, the CRI.
[bookmark: _Hlk494648816]Such an approach is shown in Figure 1 in which the UE is configured to measure on a set of 8 SSB resources, and the set configuration within Resource Setting 2 contains an IE specifying the short ID configuration, i.e., mapping between long and short IDs. In this case, since only 8 SSB resources are configured, the short ID is only 3 bits. Using the example of 7 bits per RSRP value, the total overhead per reporting instance in this example would be 2*7 + 2*3 = 20 bits. If the RSRP resolution is reduced and/or if differential RSRP reporting is used, this may be reduced further. 
Based on the above discussion we propose the following
[bookmark: _Toc492828382][bookmark: _Toc492902601][bookmark: _Toc492921927][bookmark: _Toc492922050][bookmark: _Toc492922157][bookmark: _Toc492922195][bookmark: _Toc492922256][bookmark: _Toc492922438][bookmark: _Toc492922636][bookmark: _Toc492924626]Extend the CSI / Beam Management framework to enable configuration of a set of SSB resources within a resource setting on which the UE shall perform L1-RSRP measurements. The set of SSB resources may be all or a subset of transmitted SSBs from a TRP. Extend the framework to enable configuration of a report setting linked to the aforementioned resource setting. The report setting contains at least the following parameters: time domain behaviour = [periodic, semi-persistent, aperiodic], and N = the number of reported RSRPs. Maximum value of N is FFS.
[bookmark: _Ref485188792][bookmark: _Toc485232450][bookmark: _Toc492828383][bookmark: _Toc492902602][bookmark: _Toc492921928][bookmark: _Toc492922051][bookmark: _Toc492922158][bookmark: _Toc492922196][bookmark: _Toc492922257][bookmark: _Toc492922439][bookmark: _Toc492922637][bookmark: _Toc492924627]For L1-RSRP reporting on SSB, support configuring the UE with a mapping between the full SS block identity and a short measurement identity (6 or fewer bits). The short measurement identity is used in measurement reports and uniquely identifies a SSB resource within a configured set of SSB resources. An IE specifying the short ID configuration is associated with the configured set of SSB resources within a resource setting.
[bookmark: _Hlk494745461]The example above shows that Alt1 is a very natural extension of the CSI and beam management framework to also include SSB beam reporting. The reporting methods for beam management using CSI-RS would work directly for SSB beam reporting. The proposed mapping between the full SSB identity and a short measurement identity is a natural extension of the CSI framework since it plays the same role as mapping CSI-RS Resource ID to CRI. The similarity between these two mappings is illustrated in Table 1 and Table 2. Table 1 shows an example of a CSI-RS resource ID mapping and Table 2 an example of full SSB identity mapping. The CSI-RS table is part of the resource set definition, not the report settings. The CSI-RS framework is designed so that the UE measures on the configured resources and such a table defines the resources the UE is required to measure on. This concept extends naturally to SSB beam reporting when the UE should measure on a subset of all SSB beams. Therefore, it is natural to also put the corresponding SSB table in a resource setting. 
It is likely that fewer SSB beams than 64 will be used in many practical cases. Such a table can then be used to reduce the overhead of SSB beam reporting, e.g. from 6 bits down to 3 bits which is used for CRI in the CSI framework. Even if the UE should be configured to measure on 64 SSB beams, the table is still useful for reducing the overhead induced by the cell ID if the UE should measure on SSB from multiple cells. 
How Alt2 would fit into the CSI framework is unclear. It is not obvious how to configure the UE to measure on a subset of all SSB beams in natural way. Configuring a subset of resources to measure on belongs more naturally in a resource setting than in a report setting. It is also not clear how the reporting methods for beam management using CSI-RS could be extended to SSB beam reporting in a natural way using Alt2.

	CRI 
	CSI-RS resource ID

	0
	3

	1
	27

	 …
	…

	7
	61


[bookmark: _Ref494745535]Table 1	Table showing an example mapping of CSI-RS resource ID to CRI
	SSB indicator (short ID)
	Full SSB identity (long ID)

	0
	SSB time index 10, cell ID 347

	1
	SSB time index 11, cell ID 347

	  …
	…

	7
	SSB time index 17, cell ID 347


[bookmark: _Ref494745538]Table 2	Table showing an example mapping of full SSB identity to short measurement ID
 



We summarize this discussion in the following observation
[bookmark: _Toc492554267]Alt1 for reporting on SSB is a natural extension of the CSI and beam management framework. How Alt2 would fit into this framework is unclear. 
Based on this observation we make the following proposal
Adopt Alt1 for SSB beam reporting

Conclusions
In this contribution, we made the following observation:
Observation 1	Alt1 for reporting on SSB is a natural extension of the CSI and beam management framework. How Alt2 would fit into this framework is unclear.

Based on the discussion in this contribution we make the following proposals:

1. Proposal 1 Extend the CSI / Beam Management framework to enable configuration of a set of SSB resources within a resource setting on which the UE shall perform L1-RSRP measurements. The set of SSB resources may be all or a subset of transmitted SSBs from a TRP. Extend the framework to enable configuration of a report setting linked to the aforementioned resource setting. The report setting contains at least the following parameters: time domain behaviour = [periodic, semi-persistent, aperiodic], and N = the number of reported RSRPs. Maximum value of N is FFS.
For L1-RSRP reporting on SSB, support configuring the UE with a mapping between the full SS block identity and a short measurement identity (6 or fewer bits). The short measurement identity is used in measurement reports and uniquely identifies a SSB resource within a configured set of SSB resources. An IE specifying the short ID configuration is associated with the configured set of SSB resources within a resource setting.
Adopt Alt1 for SSB beam reporting
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