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1. Introduction
In this contribution we present our views on beam measurement and reporting for DL beam management. 
2. Beam reporting
2.1. Usage of CSI acquisition framework for beam reporting
In RAN1#88 meeting, framework of beam reporting was discussed, and agreements were made to introduce N≥1 reporting settings and M≥1 resource settings for UE to perform beam reporting. It was further agreed in RAN1#88bis meeting that NR supports common configuration framework for beam management and CSI acquisition. That is, aspects that specifically related to beam management will be incorporated into the merged framework.
By the framework, a UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L≥1 links. Some of the CSI reporting settings and Resource settings are configured for beam reporting, while others for CSI acquisition or both. In the CSI reporting setting, the reported CSI parameter(s) shall include metrics for beam reporting if it is different from CSI. For example, if L1-RSRP is used as the measurement quantity, the reported CSI parameter shall be configured as L1-RSRP. The P-3 procedure without reporting (if supported) can be realized by turning off all the CSI parameters.
One example of configuration is given in Figure 1. Resource setting 1 includes configurations of CSI-RS for beam management, and CSI reporting setting 1 is linked to Resource setting 1. CSI parameter for CSI reporting setting 1 is configured as e.g., L1-RSRP and CRI. Therefore, based on CSI reporting setting 1 and Resource setting 1, UE can perform beam reporting. CSI Reporting setting 2 is used for CSI acquisition and is also linked to Resource setting 1. When CSI-RS for beam management has multiple antenna ports, e.g., two as agreed, it can also be used for CSI acquisition. That is, Resource setting 1 is shared by beam management and CSI acquisition. This is useful when gNB wants to obtain CSI as early as possible. Resource setting 3 is configured for interference measurement and both CSI reporting setting 2 and 3 are linked to Resource setting 3.
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Figure 1: Example of merged framework configuration
Proposal 1: 
· CSI parameter(s) that can be configured in CSI reporting setting shall be extended to include metric for beam reporting if it is different from CSI.
2.2. Measurement quantities

Measurement quantities for the N selected beams can be CSI or L1-RSRP. With CSI measurement, the preferred beams and CSI over the beam are acquired at gNB in a single step. Data transmission can follow the beam reporting immediately utilizing complete CSI. However, computational complexity of deriving CSI would be a great burden for UE especially when a huge number of beams are involved. On the other hand, calculating L1-RSRP is relative easy from complexity perspective. Another step is needed for UE to report CSI on the preferred beams if only L1-RSRP is reported. As a result, measurement and reporting L1-RSRP is suitable for initial beam reporting where large number of beams are to be measured. CSI can be employed in later procedure of fine beam tuning, e.g., during procedure P-2. Therefore, the measurement and reporting quantities is preferred to be configurable depending on the procedure of beam management. In some cases, reporting both CSI and RSRP may be beneficial to facilitate the comparison between beams reported during different procedures. 
Proposal 2:
· Measurement quantities for beam reporting shall be configurable between L1-RSRP, CSI, and both.
2.3. Beam index reporting
The selected Tx beams can be indicated by CSI-RS resource ID (CRI). CSI-RS for one candidate Tx beam is transmitted over one CSI-RS resource. The number of antenna ports for the CSI-RS resource can be configured depending on whether CSI or L1-RSRP is reported. 
Proposal 3:
· At least CRI is reported to indicate selected DL Tx beams.
2.4. Reporting setting

A framework on the configuration of the measurement and reporting setting for DL beam management has been agreed in the past meeting. The remaining issues are the detailed values that can be supported in the measurement/reporting configuration. 
Wideband vs. subband reporting
At least wideband beam index (CRI) and beam quality (RSRP/RSRQ or CSI) should be supported as possible reporting settings, on a per-CC basis. Herein wideband is defined such that each beam index and / or beam quality is applicable to the bandwidth of the CSI-RS resource configured for beam measurement. Note that the CSI-RS bandwidth may or may not be equal to other bandwidth defined for the UE (e.g. CC-bandwidth, BWP bandwidth). 
It is unclear if narrow band beam reporting is needed. In our view the main purpose of beam reporting is for the case of analog beamforming which is wideband. The context of narrow-band beam reporting is unclear in our view, however we are open to such possibility if a use case can be identified.
Proposal 4: 

· At least wideband beam reporting is supported.
Periodic vs. aperiodic reporting
Periodic, semi-persistent and aperiodic beam reporting can be supported for beam index and beam quality report. Periodic/semi-persistent reporting is applicable to scenarios where a small number of beams are to be measured, hence the UE can afford to periodically measure and report from a smaller number of beams (e.g. Kp beams). If the number of beams to measure is significantly larger, aperiodic reporting is more appropriate to limit the UE complexity and power consumption. Note that it should be possible for the gNB to trigger aperiodic beam quality report based on measurement of multiple beam (e.g. KAP>1). The upper bound of Kp and KAP discussed separately, possibly as a UE capability.
It has been agreed that a UE configured with K CSI-RS resources for beam measurement can report up to L beams. The value of L has been discussed on the RAN1 email reflector. A large value of L provides more gNB scheduling flexibility while increases UE complexity. Our view is that L = 1 should at least be supported to allow low-cost UE and early NR commercialization. Advanced UE implementation with L > 1 can also be supported, as a UE capability.
Proposal 5: 

· Both periodic, semi-persistent and aperiodic beam reporting should be supported.
· The number of beams for periodic beam measurement (KP) and aperiodic reporting (KAP) should be discussed. 
· Allow reporting setting with L = 1 beam report as a baseline. 
2.5. Differential beam reporting

It has been agreed that up to K>1 CRIs can be reported by the UE from a CSI-RS resource setting comprising more than K CSI-RS. Differential beam quality reporting has been proposed for the purpose of feedback overhead reduction, where absolute beam quality is reported for a baseline beam, and differential beam quality with respect to the baseline beam is reported for all other beams. Ordering may be needed to identify the baseline beam (e.g. strongest one).

Error propagation is a well-known issue for any differential type of reporting. The baseline should be without differential reporting in NR. If beam reporting overhead is found to be overwhelming and the robustness of differential reporting is proven acceptable, differential reporting can be considered in a later stage.
Proposal 6: 
· Beam reporting without differential quantization is the baseline. Further study differential reporting.

2.6. Grouping based report

A UE can report one or multiple CRI to the gNB. It was discussed in previous meetings whether each CRI report can be accompanied with a group index (GI). The GI report is intended to provide UE’s recommendation on whether two beams can be paired together at the gNB. Note the gNB is not mandated to follow the UE’s recommendation, but can take into UE’s report in the scheduling process. 

The original definitions of grouping were captured in the SI conclusions but are rather confusing. A set of clarified definition were then agreed in RAN1#89:
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.

Pairability of beams

First of all we note that whether two beams can be paired together should be jointly determined by the gNB and the UE. From the gNB perspective, if two beams are transmitted from the same panel they are inherently restricted from being scheduled together. If two beams are transmitted from different panels they might be paired together, and it is then up to UE to recommend whether to pair them eventually (taking into account UE antenna architecture). Hence, two beams can be paired only if both gNB and UE allow so. 
If two beams cannot be paired from the gNB perspective, it makes no sense for the UE to consider pairing them in the beam selection process which only adds to the UE complexity. Hence “grouping restriction” should be included in the RRC configuration of beams (CSI-RS) as well. UE does not need to examine if two beams can be paired, if they cannot be paired at the TRP side in the first place.
Proposal 7: 

· CSI-RS resource configurations should include an indication whether two beams can be paired from the gNB perspective.
Comparing A1 and A2

Our understanding is that beam pairing cannot be based on beam reporting alone, but needs to base on a two-step procedure comprising (1) beam reporting and (2) CSI reporting. 
· The 1st procedure of beam reporting is to identify the long term beams, which is used for CSI resource configuration for CSI acquisition. With only beam reporting the gNB cannot deterministically schedule two beams together because the CSI is not available yet. Note beam reporting does not reflect receiver structure and interference level, which are essential for spatial multiplexing. 
· In the 2nd procedure, the gNB configures/selects CSI-RS for CSI acquisition. If two beams can be scheduled together, two CSI-RS resources are indicated by gNB for joint CSI computation. Otherwise if UE can only receive one beam, one CSI-RS resource is indicated for (e.g. single-point) CSI computation. At this point the gNB can decide whether to pair two beams or not. 
Observation:  
· Beam pairing decision for spatial multiplexing shall be made based on CSI reporting from CSI acquisition procedure, while beam management procedure alone is insufficient.

In the two-step procedure, beam reporting shall be designed to provide gNB sufficient information and flexibility for carrying out the second step, CSI reporting. In our view, beam grouping criteria A1 limits the flexibility of configuring CSI-RS for the second step. A more detailed analysis on the feedback overhead and impact to scheduler was provided in a previous contribution (c.f. [2]). In brief, the following can be noted from the comparison:
Conclusions: 

· A1 incurs higher reporting overhead and reduces gNB scheduling flexibility, compared to A2.

· Beam indication (spatial QCL assumption indication) overhead would be similar for A1 and A2 if same level of flexibility and performance is aimed at.
Proposal 8:
· Support beam grouping criteria A2.

3. Conclusions

In this contribution we presented our views on several aspects of DL beam measurement and reporting. Based on our analysis our proposals are summarized below.

Proposal 1: 
· CSI parameter(s) that can be configured in CSI reporting setting shall be extended to include metric for beam reporting if it is different from CSI.
Proposal 2:
· Measurement quantities for beam reporting shall be configurable between L1-RSRP, CSI, and both.
Proposal 3:
· At least CRI is reported to indicate selected DL Tx beams.
Proposal 4: 

· At least wideband beam reporting is supported.
Proposal 5: 

· Periodic, semi-persistent and aperiodic beam reporting should be supported.
· The number of beams for periodic beam measurement (KP) and aperiodic reporting (KAP) should be discussed. 
· Allow reporting setting with L = 1 beam report as a baseline. 
Proposal 6: 
· Beam reporting without differential quantization is the baseline. Further study differential reporting.

Proposal 7: 

· CSI-RS resource configurations should include an indication whether two beams can be paired from the gNB perspective.
Proposal 8:
· Support beam grouping criteria A2.
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