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1 Introduction
In RAN1 #88, #89 and NR Adhoc #2, the following has been agreed as a progress of beam measurement and reporting [1]-[3]:

Agreements:

· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 

· For each group l, UE reports at least the following information:

· Information indicating group at least for some cases

· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1

· Measurement quantities for Nl beam (s)

· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)

· FFS: the details of RSRP/CSI derivation and content

· FFS: Other reporting contents, e.g., RSRQ  

· FFS: Configurability between L1 RSRP and CSI report

· FFS: whether or not to support differential L1 RSRP feedback

· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable

· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.

· This group based beam reporting is configurable per UE basis.

· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1

· NOTE: No group identifier is reported when it is turned off 

· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously

· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission

Agreements:
· The following beam grouping criteria are considered:

· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.

· Down selection of the beam grouping criteria by next meeting
· FFS in addition to the above grouping criteria, the following grouping criteria can be considered

· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.

· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.

Agreements:
· 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
· Companies are encouraged to evaluate performance to determine values of M, N, L, Q for the first release of NR 

· Decide on the values of L, M, N, Q supported by the spec to be able to determine impact on reporting and indication overhead 
Agreements:

· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes

· Study the indicator(s) used for PDCCH and PDSCH 

· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types

· 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

In this contribution, we further discuss on the details of beam measurement and reporting for NR.
2 Discussion
Beam-group based reporting

In NR, supporting of beam-group based reporting has been agreed to reduce the feedback overhead in case that a UE has multiple Rx beams which can be received simultaneously. Two beam-group criteria were discussed in the previous RAN1 meeting such as a beam group which has Rx beams which can be received simultaneously (i.e., A1) and a beam group which has Rx beams which cannot be received simultaneously (i.e., A2). Since multiple Tx beams can be reported for Rx beams which can be received simultaneously, where the Rx beams are within a beam group (i.e., A1) or the Rx beams are in different beam groups (i.e., A2), the same beam reporting can be supported by either option. However, from the beam grouping flexibility perspective, the beam-grouping based on the Rx beams which can be received simultaneously seems to be a better option.
Proposal 1: support a beam-group based on the Rx beams which can be received simultaneously (A1).
Assuming that the beam-group criterion based on A1, since a UE may have a limited number of receiver RF chain (e.g., 4 to support the maximum rank-4), the maximum number of beam groups can be relatively large as each receiver RF chain may have a large number of beams; therefore, all combination of Rx beams from up to 4 receiver RF chain could be a relatively large number (e.g., M>16). On the other hand, the number of Tx beams per beam group could be the same as the maximum number of receiver RF chain (e.g., N=4) since the number of Tx beams should be the same as the maximum number of Rx beams in a beam group. Since a beam group may have all Rx beams which can be received at the same time, the number of beam groups to report could be a small number (e.g., L=1, 2); however, it would be beneficial to support configurable number of L for better scheduling flexibility. Therefore, if A1 is supported, the different TRP Tx beams reported for different groups cannot be received simultaneously at the UE can supported (C1).
Proposal 2: support different TRP Tx beams reported for different groups cannot be received simultaneously at the UE (C1).
For beam-group based reporting, it was agreed that a UE reports the information of Q Tx beams and measurement quantities for those Q Tx beams for each group. When the number of reported beam group L and the number of reported Tx beams per group Q are large, the overhead of beam reporting would become an issue to the uplink resource, especially when the beam reporting is frequent. To reduce the overhead of beam reporting, one of following methods can be considered for beam-group based reporting. One method may configure UE to report the best J L1-RSRP for component beam and the associated beam index for each of L beam groups. Where J may be any integer value between 1 and Q. This method is simple, but the reporting overhead could be still large if the range of beam measurement quantities are diverse for L beam groups. The other method is to use the differential RSRP feedback for beam measurement quantities to further reduce the reporting overhead. UE may report a reference RSRP (e.g., the average RSRP) for a beam group and differential RSRP for the rest of Q reported beams within the same beam group. The differential RSRP is the RSRP of each individual beam within the same beam group with respect to the reference RSRP (e.g. the average RSRP). The differential RSRP may be configured to be reported in a certain quantization level or resolution. For different reference RSRP (e.g., the average RSRP indicating the range of beam measurement quantities of each beam group), different differential beam reporting resolution may be used based on the trade-off between signaling overhead and reporting accuracy for beam management. To reduce signaling overhead, large quantization level (or low resolution) may be used. On the other hand, small quantization level (or high resolution) may be used if accurate beam reporting is desired.
Proposal 3: support differential RSRP feedback of beam measurement quantities for beam-group based reporting.

Beam measurement for SS block

As a resource for beam measurement which is used for a beam management, a beam failure detection, and a new beam search, a CSI-RS has been agreed since a gNB can handle the RS overhead and beams flexibly in a UE-specific manner. For example, a gNB can turn on/off the CSI-RS transmission dynamically (e.g., aperiodic CSI-RS or semi-persistent CSI-RS) and/or configure the duty cycle considering the overhead and measurement accuracy.
It has been proposed to use a SS block for a beam management since it is available anyhow for the initial access and mobility support. Therefore, the support of L1-RSRP measurement based on SS block has been also proposed for fast beam measurement reporting although L3-RSRP measurement from SS block is already available for mobility purposes. 
In general, it is beneficial to minimize the number of SS blocks used as it is always-on signal and the overhead of its associated broadcasting signals gets higher as the number of SS block becomes larger. Therefore, it seems to be straightforward to use a wider beam for initial access/broadcast and a narrower beam for a unicast transmission. To support this scenario, it is necessary to have a configuration where a beam management, a beam failure detection, and a new beam search are purely based on CSI-RS without using SS blocks.
Proposal 4: support at least a configuration where CSI-RS without SS block is used for a beam management, a beam failure detection, and a new beam search.
On the other hand, there could be a case that a beamwidth is the same for initial access/broadcast as well as a unicast transmission. In that case, the use of SS block without CSI-RS may provide a benefit in terms of CSI-RS overhead reduction. Therefore, if the CSI-RS overhead reduction by using SS block deemed beneficial, we may introduce the use of SS block without CSI-RS for beam management and recovery as another configuration. In this scenario, there could be several configurations for beam measurement such as one configuration for CSI-RS without SS block, another configuration for SS block without CSI-RS, and combination of both. As a result, SS-block and CSI-RS can complement each other for beam management, and the use of both CSI-RS and SS-block can be supported. 
Proposal 5: the use of SS block without CSI-RS for beam management can be supported as another configuration for beam management.
Proposal 6: SS-block and CSI-RS can complement each other, and the use of both CSI-RS and SS-block can be supported for beam management. 
3 Conclusion

In this contribution, we discussed on beam-group based reporting and beam measurement for SS block. From the discussions, we propose followings:

Proposal 1: support a beam-group based on the Rx beams which can be received simultaneously (A1).

Proposal 2: support different TRP Tx beams reported for different groups cannot be received simultaneously at the UE (C1).

Proposal 3: support differential RSRP feedback of beam measurement quantities for beam-group based reporting.

Proposal 4: at least a configuration that CSI-RS without SS block is supported for a beam management, a beam failure detection, and a new beam search.
Proposal 5: assuming that a configuration of using CSI-RS only for beam management is supported, the use of SS block without CSI-RS for beam management can be supported as another configuration for beam management.

Proposal 6: SS-block and CSI-RS can complement each other, and the use of both CSI-RS and SS-block can be supported for beam management. 
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