
3GPP TSG RAN WG1 Meeting #89

R1-1707244
Hangzhou, P.R. China 15th - 19th May 2017
Source:
vivo
Title:
DL beam management and beam reporting
Agenda Item:
7.1.2.2.1
Document for:
Discussion and Decision
1. Introduction
In the 3GPP RAN1 #88 & #88bis meetings, beam management and beam reporting were discussed and the following agreements were achived [1, 2]:
Agreements:

· A UE can be configured with the following high layer parameters for beam management:

· N≥1 reporting settings, M≥1 resource settings

· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting

· CSI-RS based P-1 & P-2 are supported with resource and reporting settings

· P-3 can be supported with or without reporting setting  

· A reporting setting at least including

· Information indicating selected beam(s)

·  L1 measurement reporting

· FFS details (e.g., based on RSRP or CSI, etc.)

· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent

· Frequency-granularity if multiple frequency granularities are supported

· A resource setting at least including

· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent

· RS type: NZP CSI-RS at least

· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources

· FFS whether or not support >1 CSI-RS resource set per resource setting

· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any

· Further discussion whether or not the mechanism for CSI acquisition framework can be applicable
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:

· For UE RRC connected mode, periodic signal is supported at least for P-1 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:

· For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.
· Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting
· Each company to state the assumed UE implementation in the analysis
In this contribution, beam management and beam reporting are discussed.
2. Discussion
2.1. DL periodic signal for P-1 procedure
It was agreed to introduce periodic signal at least P-1 procedure for UE RRC connected mode. The candidate signals include SS blocks and cell-specific periodic CSI-RS. It should be noted that the original RS design purpose was to try to reduce the always-on signal as much as possible. P-1 procedure is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s). It may be a coarse beam training step for the multi-level beam training, on top of which P2 or P3 procedure is used for fine beam tracking.
SS block is one of the always-on signals that transmitted periodically in beam-sweeping manner. Reuse of the periodic SS blocks for beam management or mobility will save the RS signal overhead for P-1 procedure. While a cell-specific periodic CSI-RS will be an always-on signal that occupies additional overhead.

SS block burst set consists of [N] SS blocks each transmitted by a specific beam, with a period of [X] ms to sweep all of the TRP’s Tx beams within one SS block burst set. SS blocks will emerge evenly during the period, while CSI-RS configuration for beam management is likely to be a burst. The configuration of CSI-RS can be more flexible in terms of period, Tx beams, etc., and it is consistent with the RS for P2 or P3 procedure.

In our opinion, if the period of SS block sets and beam selection accuracy is sufficient for beam management and L3 connected mode mobility, there is no need to configure the cell-specific periodic CSI-RS which provides redundant beam information and occupies the precious resources. Evaluation may be needed to acquire adequate proof for the choice between the two candidates.

Observation 1: 
· If the period of SS block set and beam selection accuracy are sufficient for beam management and L3 connected mode mobility, there is no need to configure the periodic CSI-RS which provides redundant beam information and occupies the precious resources.

Proposal 1: 

· From the RS overhead perspective, cell-specific periodic CSI-RS is not recommended if SS block only is qualified to P-1 procedure for UE RRC connected mode.

2.2. Beam reporting
The group based beam reporting can include UE Rx beam group indication, L1 RSRP and CSI (when CSI-RS is used for CSI acquisition), DL Tx beam(s) indication. When beam recovery mechanism is activated, UE Rx beam group information should be carried in beam reporting to assist UE to monitor multiple BPLs. UE Rx beam grouping rule should be down-selected from Alt1 (Rx beam set) and Alt2 (UE antenna group). The Rx beam set in Alt1 refers to a set of UE beams that are used for receiving a DL signal. It is UE implementation issues on how to construct the Rx beam set. But the UE antenna group in Alt2 refers to receive UE antenna panel or subarray. 

From the view of implementation flexibility, the identifier of the Rx beam set associated with the reported TRP Tx beam is determined by UE, where each Rx beam in a Rx beam set can correspond to a selected Rx beam in each panel or in the same panel, even a Rx beam set only include a Rx beam. gNB needs to know UE Rx beamforming capability information, e.g. analog/digital Rx beamforming and number of the panels. The information can be reported to gNB in beam reporting to determine which BPLs are monitored by the UE through DL beam indication for beam recovery mechanism. If the UE just has one panel and only single analog Rx beamforming at an instant can be used for Alt2, in this case the Rx beam group indication in beam reporting is not needed, and multiple BPLs cannot be monitored simultaneously. In addition, full digital Rx beamforming also can be considered in beam reporting design for some case. It is noted that the UE with full digital Rx beamforming capability can receive any multiple BPLs simultaneously. At this case the UE Rx beam group indication in beam reporting is not needed if Alt2 is supported. Based on above, the UE Rx beam group indication in beam reporting can still be retained for Alt1, but this indication is redundant for Alt2. So the construction of UE Rx beam group indication information for Alt1 is more flexible than for Alt2. 
From the view of performance, for Alt2 the gNB selects the Tx beams received simultaneously at the UE, where the Tx beams corresponds to the different UE antenna group and have the higher BPL quality.  For Alt1 the UE measures and recommends the Tx beams corresponding to the same Rx beam set, so these BPLs will also have the higher quality according to the UE measurement, e.g. the recommended BPLs are the combination with the strongest RSRPs in real time. So the multiple BPLs transmission performance is similar for Alt1 and Alt2. 

From the view of UE vender, generally, the initial version will only consider the simple industrial design and support some typical features. Subsequently, the complete functionality in specification will be supported. For example, UE of the initial NR version just has one panel and only single analog Rx beam at an instant. Then for Alt2 the UE antenna group cannot be constructed and multiple BPLs cannot be monitored simultaneously. But for Alt1 one wider Rx beam can be used to receive multiple Tx beams from gNB, i.e. the Rx beam set just includes one Rx beam for monitor multiple BPLs simultaneously. So Alt1 for UE of the initial NR version will support the mechanism to recover from beam failure in NR system.
Proposal 2: 

· NR should support Alt1 as the UE Rx beam group indication for beam reporting.
Beam reporting is of great importance for beam management. Based on previous meeting agreements, the following information is reported for UE group based beam reporting:

· UE reception beam group indication for some case.

· L1 RSRP and CSI (when CSI-RS is used for CSI acquisition).

· DL transmission beam(s).

If periodic SS block or cell specific CSI-RS had been introduced for DL beam management P-1 procedure, a unified beam reporting configurations for different type of RS should be supported, and UE specific CSI-RS beam reporting mechanism can be supported as a baseline. 

From the point view of UE implementation flexibility, UE reception beam group information may not be reported. For the purpose of beam management, beam level power control, etc., DL transmission beam(s) and L1 RSRP should be reported at least for beam reporting. As DL transmission beam(s) and CSI reporting for beam reporting is similar as CSI reporting procedure, we can reuse CSI reporting procedure. However, in the case of DL transmission beam(s) and L1 RSRP reporting for beam reporting, new beam reporting procedure should be defined. 

Proposal 3:

· At least DL transmission beam(s) and L1 RSRP should be reported for beam reporting, and beam reporting procedure should be defined.

When DL transmission beam(s) and L1 RSRP were reported for each time beam reporting, they might cause huge overhead in NR PUCCH or NR PUSCH. The following approaches can be considered for beam reporting overhead reduction:

· DL transmission beam(s) and L1 RSRP are reported at the same time instance, but either of them can be triggered on or off.

· DL transmission beam(s) and L1 RSRP are reported separately in different duty cycle.

Examples of DL transmission beam(s) and L1 RSRP reporting are illustrated in figure 1 and figure 2. Figure 1 shows an example of DL transmission beam(s) and L1 RSRP are reported at the same time instance, but L1 RSRP can be dynamically triggered on or off based on channel environment. Figure 2 shows an example of DL transmission beam(s) and L1 RSRP are reported separately, with long term L1 RSRP reporting and short term DL transmission beam(s) reporting in slow time varying channel case. 
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Figure 1: example of DL transmission beam(s) and L1 RSRP are reported at the same time instance, but L1 RSRP can be dynamically triggered on or off
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Figure 2: example of DL transmission beam(s) and L1 RSRP are reported separately, with long term L1 RSRP reporting and short term DL transmission beam(s) reporting

Proposal 4:
· The following approaches can be considered for beam reporting overhead reduction:

· DL transmission beam(s) and L1 RSRP are reported at the same instance, but either of them can be triggered on or off.

· DL transmission beam(s) and L1 RSRP are reported separately in different duty cycle.

As discussed above, UE should support beam group reporting. Beam group information reporting may also lead to excessive uplink feedback overhead, which will decrease the uplink spectral efficiency. In order to reduce the overhead of beam group information, the reporting beams in a beam group need to be restricted. Besides, considering the dynamic range of receiver, only those wanted beams need to be reported [3]. The measurement quantities for beam reporting can base on beam RSRP. Potential options for selecting beams for beam reporting are as below:

· Option1: selecting N best reporting beams in terms of beam RSRP.

· Option2: selecting reporting beams by beam RSRP thresholds.

· Option3: selecting reporting beams by offset values to the maximum beam RSRP.

Based on above discussion, if we restrict reporting beams to reduce the beam reporting information overhead, the overhead can be under control. But it may cause useless beam reporting. If we reduce the overhead by solely restricting the UE’s receive beam RSRP thresholds, the quality of reporting beam can be guaranteed while it may cause huge beam information reporting in an extreme scenario. Similar to the second method, the third method still cannot solve above shortcomings. Therefore, hybrid Option1 and Option 2 or Option 3 can be considered to reduce beam reporting overhead. 
Proposal 5:
· Hybrid of selecting N best reporting beams in terms of beam RSRP and selecting reporting beams by beam RSRP thresholds or selecting reporting beams by offset values to the maximum beam RSRP can be considered to reduce beam reporting overhead.
3. Conclusion

In this contribution, beam management and reporting are discussed, and the following observation and proposals are given:
Observation 1: 
· If the period of SS block set and beam selection accuracy are sufficient for beam management and L3 connected mode mobility, there is no need to configure the periodic CSI-RS which provides redundant beam information and occupies the precious resources.

Proposal 1: 

· From the RS overhead perspective, cell-specific periodic CSI-RS is not recommended if SS block only is qualified to P-1 procedure for UE RRC connected mode.

Proposal 2: 

· NR should support Alt1 as the UE Rx beam group indication for beam reporting.
Proposal 3:

· At least DL transmission beam(s) and L1 RSRP should be reported for beam reporting, and beam reporting procedure should be defined.

Proposal 4:
· The following approaches can be considered for beam reporting overhead reduction:

· DL transmission beam(s) and L1 RSRP are reported at the same instance, but either of them can be triggered on or off.

· DL transmission beam(s) and L1 RSRP are reported separately in different duty cycle.

Proposal 5:
· Hybrid of selecting N best reporting beams in terms of beam RSRP and selecting reporting beams by beam RSRP thresholds or selecting reporting beams by offset values to the maximum beam RSRP can be considered to reduce beam reporting overhead.
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