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1 Introduction
In previous meetings, the following agreements have been achieved:

RAN1#88bis:

· 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

· 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

RAN1#89:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or  configurable or a default

· Note: default assumption may be no QCL

· NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information

· Information related to CSI-RS resource configuration

· E.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.

· Information related to number of CSI-RS resources 

· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource

· FFS: details of time-domain repetitions, e.g., signaling for time-domain repetitions may not be explicit

· FFS signaling details, e.g., explicit indication vs implicit indication

· Note this does not imply particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 

· FFS: whether different sub-time units have same or different ports
In this contribution, we discuss the remaining issues on measurement RS for beam management.

2 Measurement RS for DL BM
We first discuss the necessity of using SS block for L1/L2 beam management, and then the benefits and methods for using DMRS for L1/L2 beam management, and finally the indication of beam sweeping behavior for CSI-RS-based beam management
2.1 Necessity of using SS block for L1/L2 beam management
During initial access procedure, suitable gNB Tx beam(s) and UE Rx beam(s) can be acquired by measuring SS blocks. For data transmission after initial access, UE-specific periodic CSI-RS can be configured to enable P1 procedure. To connect beam management procedures during data transmission and the initial access procedure, it was further agreed to support spatial QCL between CSI-RS and SS block. 

As a typical implementation, the gNB Tx beam associated with SS block is targeted at group of UEs in a cell, while the gNB Tx beam(s) associated with UE-specific CSI-RS can be targeted at a specific UE. For this reason, narrower gNB Tx beam can be identified by CSI-RS to provide higher beamforming gain for unicast data transmission, which is generally not the case for SS block. 

In addition, SS block occupies only a small bandwidth and is transmitted with relatively longer periodicity (e.g. 20ms). Therefore, SS block alone is insufficient for beam management for data transmission, and CSI-RS, which can be transmitted with wider bandwidth and shorter periodicity, will be needed anyway. For this reason, there is no additional gain to introduce SS block for L1/L2 beam management. 
Furthermore, the exact beam cannot be identified through a SS block if it is transmitted using multiple beams from multiple TRPs in a SFN manner. If the composite beamforming pattern used for such SS block is reported by a UE during L1/L2 beam management, additional constraint and extra power consumption will be imposed to the network side. 
Lots of specification efforts will be needed to design the L1/L2 reporting for SS block and further to unify the reporting format and enable comparison with CSI-RS, if SS block is introduced for L1/L2 beam management in addition to CSI-RS. This will also further complicate the system implementation. 
Based on these reasons, we believe there is no reason to introduce SS block for L1/L2 beam management. 

Proposal 1: Preclude introducing SS block for L1/L2 beam management. 
2.2 Benefits and methods for using DMRS for L1/L2 beam management 
Even with periodic CSI-RS, a UE may still not be able to detect abrupt beam changes, due to, e.g., UE rotation. To cover these situations, DMRS can be additionally exploited for L1/L2 beam management. 

To start, UE can detect the energy of DMRS of the scheduled PDSCH to see if the associated beam has been blocked, which can be part of the beam failure recovery procedure. This approach can enable early detection and prediction of beam failure of data channel, which can be different from those used for transmitting control channel. 

In addition, if the DMRS ports of the scheduled PDSCH layers are transmitted with different beams, UE can measure the PDSCH DMRS ports and report the preferred beam/port, possibly together with the corresponding ACK/NACK transmission. gNB can then indicate switching the beam for transmitting control channel to the reported beam, for extra robustness. This example is illustrated in Figure 1. 

Based on the discussions above, we have the following proposal: 

Proposal 2: In addition to CSI-RS, supporting using DMRS for L1/L2 beam management. 
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Figure 1 Illustration of DMRS-based beam management
2.3 Indication of beam sweeping behavior for CSI-RS-based beam management
To find finer beam pairs, procedures such as P2 and P3 are used, for which gNB and UE may behave differently. During P2, gNB sweeps its Tx beams, UE fixes its Rx beam to measure CSI-RS and reports the beam(s) selected; while during P3, gNB fixes its Tx beam, UE sweeps its Rx beams to measure CSI-RS and there is no need to report the Rx beam(s) obtained. Such a P2/P3 procedure information should be provided to the UE. 

Both explicit notification like a 1-bit flag to show whether the scheduled CSI-RS transmission is used for P2 or P3 and implicit notification through CSI-RS configurations can be considered. For example, gNB can indicate that the CSI-RS resources in one resource set are spatially QCLed from UE Rx beam perspective, i.e., they should be received by the same Rx beam, which indirectly informs UE that the following procedure is for P2. Similarly, gNB can indicate that the CSI-RS resources in one resource set are not spatially QCLed from UE Rx beam perspective, i.e., they should be received by other Rx beam, which indirectly informs UE that the following procedure is for P3. 

Based on such CSI-RS configurations, together with low layer signaling including beam indication like BPL indicator and related CSI-RS resource set ID, UE can select its RX beam and decide whether to sweep its Rx beams or not.

Proposal 3: Support indicating beam sweeping type for P2/P3 procedures through CSI-RS configuration.
3 Conclusions
The proposals are summarized as follows:

Proposal 1: Preclude introducing SS block for L1/L2 beam management. 
Proposal 2: In addition to CSI-RS, supporting using DMRS for L1/L2 beam management. 

Proposal 3: Support indicating beam sweeping type for P2/P3 procedures through CSI-RS configuration.
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