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1. Introduction
DL beam management uses at least UE-specifically configured CSI-RS. Additional RS for beam management, including SS-block and cell-specifically configured CSI-RS, were discussed in RAN1#88bis meeting. 
Agreements:
· 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:

· Study whether or not support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management
· FFS which channels/signals in SS-block for measurement
· Especially in light of L3-RSRP
· Study further whether or not to have a unified format for L1-RSRP measurement report of SS-block and CSI-RS
In this contribution we present our views on these issues.
2. Overview

Previous agreements on the definition of beam management and its reference signal are captured below for reference. 
· Beam management: a set of L1/L2 procedures to acquire and maintain a set of TRxP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:
· Beam determination: for TRxP(s) or UE to select of its own Tx/Rx beam(s).
· Beam measurement: for TRxP(s) or UE to measure characteristics of received beamformed signals
· Beam reporting: for UE to report information of beamformed signal(s) based on beam measurement
· Beam sweeping: operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.

· At least network triggered aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations. 

· UE measurement based on RS for beam management (at least CSI-RS) is composed of K (= total number of configured beams) beams, and UE reports measurement results of N selected Tx beams, where N is not necessarily fixed number. Note that the procedure based on RS for mobility purpose is not precluded. Reporting information at least include measurement quantities for N beam (s) and information indicating N DL Tx beam(s), if N < K. Specifically, when a UE is configured with K’ >1 non-zero power (NZP) CSI-RS resources, a UE can report N’ CRIs (CSI-RS Resource Indicator). 

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

3.1. RRC_CONNECTED mode
Beam management in CONNECTED mode at least targets  UE-specific PDSCH and UE-specific PDCCH.
· For UE-specific PDSCH, beam management is to find the strongest Tx/Rx beam to maximize the receive SINR and data throughput. Although how to construct the beams are entirely up to network implementation and vendor specific, the candidate beams are preferably very narrow to explore the beamforming gain. Initial Tx/Rx beam may be obtained through P1-procedure (Tx/Rx beam sweeping). Once the initial optimal Tx/Rx beam is established, gNB may maintain, track and update the Tx/Rx beam through P2 (Tx beam sweeping) and P3 (Rx beam sweeping). These features are well supported by UE-specifically configured CSI-RS, whose configurations (e.g. number of beams, beam width, and CSI-RS resources) can be flexibly tailored on a UE-specific basis. UE-specific CSI-RS is sufficient for this purpose. 
· For UE-specific PDCCH, beam management is to identify the strongest beam(s) for optimizing the link-quality of NR-PDCCH. Although the performance metric for NR-PDCCH and NR-PDSCH are different, the general procedure of beam management share the same framework. Likewise, UE-specific CSI-RS is well suited and sufficient.
Conclusion:

· UE-specific CSI-RS is sufficient for beam management for UE-specific data/control.
It has been agreed that UE-specific NR-PDCCH can be monitored on N beams, in order to achieve beam diversity. When all N beam fail (e.g. beam failure), NR-PDCCH should switch to a new DL Tx beam to recover from beam failure, or declare RLF. The new DL Tx beam is to be reported by the UE, together with beam failure request. There are two possible alternatives in our view:

· A default/fallback NR-PDCCH with guaranteed minimum L1 control coverage is used for gNB to switch to the new DL Tx beam (irrespective whether the beam is initiated by the gNB or reported by the UE). Note that the default NR-PDCCH is not intended to minimize NR-PDCCH aggregation level based on beamforming, but used as backup channel for beam recovery so it can use a large aggregation level for extra protection. Details for the default/fallback NR-PDCCH can be further discussed (e.g. SFN, time/frequency repetition). 
· Beam failure recovery based on PRACH-like signal, where gNB switches to the new DL Tx beam using PRACH-like procedure (c.f. [3]). 
It is not preferable to use the UL/DL beam associated with the SS block for beam recovery in the event of DL beam failure. Beam quality measurement with SS-block and CSI-RS would use different algorithms and it is preferable to use a single type of RS (e.g. UE-specific CSI-RS) for beam management and beam failure recovery in RRC_CONNECTED mode to simplify UE implementation. 

Conclusion:

· Beam failure and recovery can be based on UE-specific CSI-RS. Using SS-block for beam recovery is not preferable.
For common NR-PDSCH and PDCCH, beam management may or may not rely on UE feedback. If UE feedback is not required for beam management, it is not necessary to mandate UE to measure any RS for that purpose. If UE feedback is required, UE-specifically CSI-RS appears sufficient.
Conclusion: 
· For CONNECTED mode, UE-specific CSI-RS is sufficient for beam management.
3.2. RRC_IDLE mode

UE-specific CSI-RS is not available for ILDE mode. Hence, if beam management is needed for IDLE mode UE, other periodic RS needs to be considered. The candidates are SS-block and cell-specific CSI-RS.
System information need to provide cell-wide coverage and therefore should not rely on active beam management. Possible applications of  beam management in IDLE mode include random access response, and paging.
Msg2 
SS block can be used for identifying the Tx/Rx beam for msg2. Implicit reporting of DL Tx beam (SS-block) is achieved by implicitly associating PRACH resources to SS-blocks. No explicit L1/L2 reporting is needed. There is no need to introduce cell-specific CSI-RS. 
Paging

Paging is needed for IDLE and CONNECTED UE. The general assumption is that the optimal beam from previous beam management procedures are no longer valid, due to e.g. long DRX, UE movement, rotation, block and so on. Hence, a default NR-PDCCH with cell-wide coverage, or a new DL Tx beam, need to be used.
The benefit of default NR-PDCCH (e.g. SFN, cell-wide beam) with cell-wide coverage is so the network does not need to know the exact location of the UE and hence does not require active beam management / reporting. The disadvantage is its potential large overhead and reduced paging resources. If it is decided that paging must rely on UE-specific beams, periodic RS are preferred for new beam acquisition and training. For CONNECTED UE, UE-specific CSI-RS can be applied. For IDLE mode UE, SS-block or cell-specifically configured CSI-RS are candidates. 
We don’t think there is fundamental difference between SS-block and cell-specifically configured CSI-RS for the purpose of beam management, due to the following reasons:
· Both are cell-specific signals;
· Both supposedly provide sufficient accuracy for beam management;
· Both are periodic signals that allow time-domain averaging;
Providing that SS-block already meet the requirement for beam management for NR-PDCCH in initial access, there is no clear reason to introduce another type of RS (e.g. cell-specific CSI-RS) for IDLE mode.
Conclusion: No strong evident to introduce cell-specific CSI-RS for beam management. 
For IDLE mode UE, procedures needed for L1/L2 reporting based on SS-block (e.g. UL sync, L1/L2 resource configuration) add to the system delay. Our view is that L1/L2 reporting for paging requires further studies. In case a default transmission scheme with cell wide coverage is sufficient, there is no clear motivation to additionally support beam management/reporting specifically for paging. 
4. Conclusion

In this contribution we discussed additional RS for the purpose of beam management. Based on the discussion our views are summarized below:

Observation:

· UE-specific CSI-RS is sufficient for beam management for UE-specific data/control.
· Beam failure and recovery can be based on UE-specific CSI-RS. Using SS-block for beam recovery is not preferable.
Conclusion: 
· For CONNECTED mode, 
· UE-specific CSI-RS is sufficient for beam management.

· For IDLE mode

· There is no strong evident to introduce cell-specific CSI-RS for beam management
· SS-block: 

· At least for system information and random access response, there is no clear need of L1/L2 report based on SS block.
· The  need of L1/L2 report for beam management for paging needs further study. 
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