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An important feature of 5G NR is beam management [1]. Beam management function relies on measurement and reporting of DL RSs. In additional to UE configured CSI-RS, SS-blocks can also be used. This has been studied and agreed on in the last two RAN1 meetings [2][3]:

Agreements (RAN1#88bis)
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
· Opt. 3: No additional option

Agreements (RAN1#89):
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 
· The other QCL parameters not precluded 
· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL

The main functions of SS-blocks are for synchronization and mobility management. SS-blocks are transmitted periodically and at high frequency range, with high spatial resolution. The following agreements were made in RAN1#88bis and #89 on NR SS block transmission:

Agreements: (RAN1#88bis)
· SS burst set periodicity default value for initial cell selection: 20/20 msec

Agreements: (RAN1#89)
· The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity
· Within this 5 ms window, number of possible candidate SS block locations is L
· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements

It is very helpful for a UE to use SS-blocks for beam management in addition to CSI-RS. On the other hand, the CSI-RS used for beam management will have different properties. As agreed in RAN1#89, cell-specific CSI-RS is not supported. Because all CSI-RS are UE specific, they can be configured for each UE depending on the channel/mobility pattern of the UE. CSI-RS can be transmitted in wider bandwidth than SS-blocks, and the resource configurations are more flexible. While SS-blocks are transmitted with a single port, a CSI resource can be transmitted in multiple CSI-RS ports. Multiple CSI-RS resources can be configured. CSI-RS can be transmitted as periodic, aperiodic and semi-persistent with flexible triggering schemes. SS-blocks and CSI-RS can complement each other for UE beam management. There are some potential issues to use SS-blocks and CSI-RS together for beam management. In this contribution, we discuss these issues and their corresponding solutions. 
  
Discussion

In LTE, the transmission power of PSS/SSS is unspecified in the spec and depends on eNB implementation. The network planner could change the PSS/SSS transmission power of an eNB to change its cell coverage area. But because only 1 set of PSS/SSS port is transmitted with fixed antenna pattern, only the size of the cell, not its shape, can be controlled by controlling the PSS/SSS transmission power. With NR, multiple SS-blocks can be transmitted in a SS burst set.  For above 6GHz, up to 64 SS-blocks can be transmitted. Potentially these SS-blocks can be transmitted through different TX beams to cover different direction. The beamforming vectors used for these beams are up to gNB implementation. Potentially, the TX beams and the transmission power of the SS-blocks transmitted through these beams can be jointly to optimize not only the size, but also the shape of the cell coverage area. The coverage area of the cell can be precisely controlled by fine tuning 64 beams. It is also possible to implement functions like fractional frequency reuse and coverage enhancement by changing the TX powers of the SS-blocks of individual beams. Such flexibility should be kept for NR SS-blocks.
Proposal 1: The TX powers of individual SS-blocks should be left as gNB implementation. 
However, such SS-block TX power optimized for cell coverage for RRC_IDLE UEs may cause problem when used by RR_CONNECTED UEs for beam management.  For RRC_CONNECTED UE, they have selected (or have been handed over) to the best cell from the network point of view, so cell selection is not an issue. Beam management requires UE to measure the RSRP of the SS-blocks based on NR-SSS (and possibly as well as DMRS of PBCH), and report selected beams to gNB. UE may choose a subset of beams based on the measured SS-block RSRP and report to gNB. If the SS-blocks transmitted through different DL TX beams may have different TX powers, a RRC_CONNECTED UE needs to know the power value (or  power offset) of different SS-blocks in order to make meaningful comparison their RSRPs. This requires a RRC_CONNECTED UE to know the individual TX power of the SS-blocks it is measuring. A gNB can signal the TX power or power offset of the SS-blocks by RRC message. 
Proposal 2:  gNB signals the power offset of the SS-blocks in RRC message for RRC_CONNECTED UE. 
When a UE has information regarding the TX power of the SS-blocks it is measuring, it can make adjustment to the measured NR-SSS RSRP and make meaningful comparisons between different SS-blocks. It can use the RSRP values adjusted for TX power offset to compare, select and report the SS-blocks to the gNB.  
Proposal 3:UE uses SS-block RSRP adjusted with the TX power offset to compare, select and report to gNB for beam management. 
When both SS-blocks and CSI-RS are used for beam management, it is likely that a UE may need to compare the RSRP between SS-blocks and CSI-RS resources. To make this comparison meaningful, the relative TX power of the SS-block and the CSI-RS resource needs to be known. We see no reason for a gNB to transmit different CSI-RS ports within a CSI-RS resource with different TX power, but it is possible that different CSI-RS resources are transmitted with different TX powers. Similar to SS-block transmission power, gNB can inform the UE the CSI-RS resource transmission power (or power offset) when configuring the CSI-RS resources to the UE in RRC configuration.
Proposal 4:  gNB configures the transmission power or power offset of the CSI-RS resources in RRC message. 
Similar to SS-blocks, with TX power information of the CSI-RS resources, UE should use CSI-RS RSRP adjusted for the TX power offset between CSI-RS resources and SS-blocks when it compares, selects, and reports the RSRP to gNB for beam management.
When a SS-block is signaled as spatial QCL with respect to a CSI-RS, they are transmitted through the same TX beam and can be used jointly to estimate the beam quality. In particular, if the CSI-RS and SSS are transmitted in the same OFDM symbol, a single RSRP value can be calculated incorporating the measurement from both the SSS and the CSI-RS REs. It is likely that CSI-RS resource occupies wider bandwidth and may be punctured in the bandwidth occupied by the SS-block. The SSS REs can be used as virtual REs of the CSI-RS resources for the UE to calculate the RSRP of the CSI-RE sources. This ensures the measurement quality of the CSI-RS resource is not degraded by puncturing by the SS-block. Because CSI-RS covers wider bandwidth and represents the beam better than the SS-blocks, UE should use the measurement of the CSI-RS resources instead of the SS-block when selecting and reporting the measure to gNB. 
		Proposal 5: When a SS-block and a CSI-RS resources are configured as spatial QCL and are transmitted in the same symbol, REs from the SS-blocks can be used as virtual REs of the CSI-RS resources for measurement and reporting.

Conclusion
We have discussed potential problems when SS-blocks are used together with CSI-RS for beam management. Based on our analysis, the following proposals are made to address the issues:
Proposal 1: The TX powers of individual SS-blocks should be left as gNB implementation. 
Proposal 2:  gNB signals the power offset of the SS-blocks in RRC message for RRC_CONNECTED UE. 
Proposal 3:UE uses SS-block RSRP adjusted with the TX power offset to compare, select and report to gNB for beam management. 
Proposal 4:  gNB configures the transmission power or power offset of the CSI-RS resources in RRC message. 
Proposal 5: When a SS-block and a CSI-RS resources are configured as spatial QCL and are transmitted in the same symbol, REs from the SS-blocks can be used as virtual REs of the CSI-RS resources for measurement and reporting.
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