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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. The relevant agreements are summarized as below [2-4]:

Agreements (RAN1#89):
· A UE may report the beam qualities of multiple beams:
· For beam management with beam group reporting the following quantities should be considered
· the max number of groups supported in the specification M, 
· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 
· the number of Tx beams per group in the report Q
· FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information
· L = 1, Q = 1 are supported which implies no impact to reporting and indication overhead

In the NR ad hoc meeting #2 in Qingdao, RAN1 had agreed to study beam reporting based on L1-RSRP:
Agreements: (RAN1#NR2)
· Study L1-RSRP reporting of multiple beams considering
· Differential L1-RSRP for multiple beams
· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable
· Bit-width of reporting, 
· Number of groups/beams per group 
· UCI design of the beam reporting, 
· FFS: Other issues

Agreements (RAN1#90):
· 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 this contribution, we discuss some issues on beam measurement and report when SS blocks and CSI-RS are used for beam management, and propose an efficient scheme for beam reporting.

Discussion

Beam management requires a UE to conduct measurement on DL RSs and report RSRP to the gNB. According to the agreement in the RAN1#90 meeting, the reported beams can be either SS block only, or CSI-RS only, or a combination of SS block and CSI-RS. When SS block is measured and reported, there are some issues if the current definition of L1-RSRP is used, due to the possible unequal transmission power of SS blocks. In RAN1#90 meeting, the following agreements were reached regarding transmission power of SS block: 

Agreements:
· UE computes pathloss based on ”SS block transmit power” and SS block RSRP
· At least one ”SS block transmist power” value is indicated to UE in RMSI
· FFS: whether and how to support multiple values
· Note: different SS blocks in an SS burst set can be transmitted with different power and/or with different Tx beamforming gain at least as NW implementation

When different SS blocks in an SS burst set are transmitted with different power, the absolute received RSRP value of the SS blocks loses its significance and cannot be compared directly. When the SS block transmission power is signaled to UE, either UE or gNB may derive the pathloss with the transmission power and measured L1-RSRP. So UE may report to gNB either L1-RSRP or the pathloss values derived from SS blocks. Because UE measures and reports the L1-RSRP values when CSI-RS is used, it is best that the same reporting mechanism is used for both SS blocks and CSI-RS. It is preferable that L1-RSRP is reported for SS blocks as well as CSI-RS. However, a problem arises if UE simply uses and reports the measured RSRP of SS blocks as-is. Because a UE can only report a limited number of beams, it needs to compare their RSRP and report the strong beams. According to previous meeting agreements, A UE may report up to L groups, and include up to Q TX beams per group in the report. It can only report up to L*Q beams, and needs to compare the quality of all the SS blocks it receives and decide which beams to report to gNB. If it compares the measured RSRP directly, the different transmission power is not accounted for. This leads to error in choosing the L*Q strongest beams, even gNB can still derive the pathlosses of these beams from the reported L1-RSRP and their respective transmission powers. If the UR chooses the L*Q strongest beams based on the calculated pathlosses, and report their measured L1-RSRP, the gNB can correctly calculate the pathlosses of the L*Q strongest beams. However, this inadvertently leads to a larger range of the reported RSRPs because of the unequal transmission power used to transmit these SS blocks and may incur larger overhead. A solution is to normalize the measured RSRP with respect to some reference transmission power, so the difference between the transmission powers of different SS blocks is compensated for. This maintains the range of the pathlosses of different beams. The reference SS block transmission power can be signaled by the gNB to the UE as part of the SIB message. Both measured and normalized RSRP for SS blocks should be defined. Normalized RSRP for SS block can be defined as the RSRP after adjusting the power offset between the transmission power of the SS block and the reference SS block transmission power.   

Proposal 1: When SS block is used for beam management, UE computes and reports normalized L1-RSRP value. Normalization can be done with respect to a reference SS block transmission power which is signaled to the UE by gNB in RMSI. 

If the configuration of CSI-RS of LTE is reused, the transmission power of the CSI-RS is signaled from gNB to UE in parameter Pc in RRC configuration. Pc is defined as the assumed ratio the PDSCH EPRE to CSI-RS EPRE, while the ratio of ratio of the PDSCH EPRE to the cell-specific RS EPRE is denoted by ρA. Together, UE may derive the EPRE of a CSI-RS as ρA - Pc (dB) over the CRS transmission power. Similar to SS blocks, a UE may have to choose a subset of CSI-RS beams to report due to the overhead limit. If not all CSI-RS resources are transmitted with the same power (have the same Pc), an issue similar to SS block arises. In order to compare their RSRP meaningfully and not to increase the feedback overhead, the same normalization procedure can be performed for comparing and reporting the CSI-RS beams. The gNB can signal a reference Pc value for the UE to normalize the CSI-RS RSRP.  

Proposal 2: When CSI-RSs used for beam management are transmitted with different transmission power levels (different Pc ), gNB signals a reference Pc  for UE to compute a normalized RSRP. UE uses normalized CSI-RS RSRP for comparison and reporting. 
  
A UE may report the RSRP of multiple CSI-RS resources or SS blocks. A UE may report up to L groups, and include up to Q TX beams per group in the report. The payload of up to L*Q beams can be significant, and this warrants careful design of the beam report format in order to keep the UL report payload at a manageable level. Several approaches can be considered to reduce the report overhead. Some of them are listed below. 

· The gNB can configure a RSRP threshold for the minimum RSRP to be reported by the UE. This threshold can be configured by RRC. Any beam below this threshold is deemed too weak to be useful for DL transmission. By applying this threshold, the number of reported beams can be reduced, as well as the reporting overhead. 
· Differential RSRP beam reporting can be considered. Instead of reporting the absolute RSRP of each beam, the relative difference between the beams, or between a beam and a known reference RSRP level (for example the largest RSRP value), can be reported. The RSRP difference of two beams, by definition, is less than the possible range of the RSRP values (if the CSI-RSRP definition of LTE is reused, RSRP spans a range of 97 dB with granularity of 1 dB). The RSRP difference between two beams can be reduced further significantly if all the reported beams are ranked by their RSRPs in descending order, and only the difference between two adjacent beams in the list is reported.  This can be seen from the following figure. 
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Figure 1. Distribution of differential RSRP between pairs of CSI-RS beams. A UE measures the RSRP of 16 CSI-RS beams and reports the largest 8. 

· Suppose the reported beams are arranged with respect to their RSRP in descending order as described above. The differential RSRP between two adjacent CSI-RS beams in the list are expected to be small, as clearly shown in Figure 1. However, they require different number of bits to encode. Using the unsigned binary integer representation,  bits are required to code a positive integer of X.  To using fixed length encoding will forfeit the purpose of using differential RSRP and eliminate any possible gains, because differential encoding with respect to a certain RSRP value does not reduce the dynamic range. In order to take advantage of the (usually) small differential RSRP values to reduce the reporting overhead, variable length encoding is required. With the differential RSRP distribution from Figure 1, simulation showed that reduction of 30% reporting overhead can be achieved.
Assuming CRI_ID is used to indicate the beam related with a CSI-RS resource/port, the reported CSI_RS beam list with differential CSI-RS can have the following format:

{{CRI_ID1, ΔRSRP1}, {CRI_ID2, ΔRSRP2}, …, {CRI_IDK, ΔRSRPK}},
where 
ΔRSRPm=RSRPm-1 - RSRPm≥0,  m≤K≤L*Q;

A downside of variable length encoding scheme is that the number of bits required for reporting a given number of beams is not fixed. This is not an issue if the beam reporting is done as RRC messages. If UCI is used to carry the beam report in PUCCH, variable length reporting may become problematic (if the size of the report exceeds the PUCCH payload) or wasteful (if too many bits are reserved for beam reporting). A possible solution is to reserve a certain number of bits in UCI for beam reporting, and only report the number of beams that can be accommodated by the fixed overhead. This may not allow reporting of all the L*Q beams all the time. But the length can be designed strike a balance between reduced reporting overhead and the quality of the final beams found through the P1 and P2 procedures.

Proposal 3: UE only reports beams with RSRP above a certain threshold. 
Proposal 4: Report CSI-RS and/or SS block beams as an ordered list with descending RSRP, where differential RSRPs between adjacent beams in the list are encoded with variable length encoding scheme. 

During procedure P1, a UE may measure and report the RSRP of CSI-RSs as well as the SS-blocks. For non-CQIed CSI-RS and SS blocks, it may need to compare the RSRP of a CSI-RS beam with the RSRP of a SS-block beam and decide which one to report. This requires a meaningful way to compare the RSRP of two different types of signals, especially considering they are transmitted with different power levels. This requires the UE to know the offset between the CSI-RS TX power and the SS-block transmission power. This offset can either be explicitly signaled to UE, or implicitly when the reference power levels for SS blocks and CSI-RS are set the same. Given that the reference powers are needed for normalization for both SS blocks and CSI-RS RSRPs, it is easiest that they are set to the same level. 

Proposal 5: In order to compare and report the RSRP of CSI-RSs and SS blocks, configure the same reference power for normalization for CSI-RS and SS blocks. 

Conclusion
We have discussed beam measurement and reporting issues for CSI-RS and SS-blocks. We propose to use normalized RSRP for beam comparison and reporting, and proposed an efficient differential scheme for RSRP reporting. Our proposals are summarized as below:

Proposal 1: When SS block is used for beam management, UE computes and reports normalized L1-RSRP value. Normalization can be done with respect to a reference SS block transmission power which is signaled to the UE by gNB in RMSI. 

Proposal 2: When CSI-RSs used for beam management are transmitted with different transmission power levels (different Pc ), gNB signals a reference Pc  for UE to compute a normalized RSRP. UE uses normalized CSI-RS RSRP for comparison and reporting. 
Proposal 3: UE only reports beams with RSRP above a certain threshold. 
Proposal 4: Report CSI-RS and/or SS block beams as an ordered list with descending RSRP, where differential RSRPs between adjacent beams in the list are encoded with variable length encoding scheme. 
Proposal 5: In order to compare and report the RSRP of CSI-RSs and SS blocks, configure the same reference power for normalization for CSI-RS and SS blocks. 
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