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1. Introduction
In RAN#86, the following were agreed [1]:

· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures
· Note that above procedure can be applied to any frequency band

· Note that above procedure can be used in single/multiple beam(s) per TRP 
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item
In this contribution we provide a summary of the types of measurement reference signal (MRS) transmission for NR. The goals are to avoid ‘always ON’ measurement reference signal to achieve high energy efficiency, flexible MRS transmission types to handle user mobility characteristics and fast configuration to reduce latency. We motivate the need for on-demand (one-shot) and batch (over limited time interval) MRS transmission types considering different user-mobility scenarios.
2. MRS transmission types 
In LTE reference signals such as CRS and CSI-RS are either always present (‘always-on’) or transmitted periodically as configured via RRC. Both reference signal transmission types have drawbacks in the following sense: always-on is energy inefficient and causes interference to neighboring cells while configuration via RRC is inflexible, slow and incurs signaling overhead. 

In NR, measurement reference signals (MRS) is used for user mobility management that may include both cell-level and beam-level mobility. Further, MRS may be beamformed to one or more users in a cell that have different mobility characteristics, i.e., user mobility may vary between less frequent to very frequent beam or cell transitions. Therefore, design principle for MRS transmission types in NR should:

· Minimize or avoid always-on MRS transmission for energy efficiency.
· Flexible MRS transmission types to handle different user mobility characteristics.

· Fast configuration to overcome latency and RRC signaling overhead.

To address the above design principles we consider on-demand and batch MRS transmission types. In on-demand, MRS is transmitted once. On the other hand, in batch transmission, MRS is transmitted across multiple instances over a certain time interval. Both on-demand and batch MRS transmission types are configured only when needed by NB via L1 to allow fast signaling.   
Proposal 1: NR shall support both on-demand and batch MRS transmission types that are be enabled by a NB using L1 or MAC-CE.  
On-demand MRS transmission
The on-demand MRS measurement type is illustrated in Figure 1. A measurement request message is sent to the UE that notifies the UE of MRS transmission. In essence, one MRS transmission is scheduled using a measurement request message. The position and design of MRS is FFS.
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Figure 1: On demand MRS transmission.
On-demand MRS transmission is useful when user mobility events occur less frequently and at random instances that are hard to predict, e.g., stationary users may encounter signal blockage event that causes active beam degradation. Such signal blockage events may occur less frequently and may require on-demand MRS transmission. 

Proposal 2: NR shall support on-demand MRS transmission where a measurement request message notifies the UE of an MRS transmission. 
On-demand MRS transmission has a few drawbacks when user mobility events occur more frequently: 
· high signaling overhead due to measurement request message prior to each MRS transmission; 
· measurement request messages are susceptible to failure; and 
· NB may have to send measurement request message to a user even when the user is not scheduled with data. 
To overcome these drawbacks we propose batch MRS transmission.     
Batch MRS transmission
The batch MRS measurement type is illustrated in Figure 2. A measurement request message is sent once to the UE that notifies the UE of multiple MRS transmission instances over a certain time interval. The locations and design of MRS is FFS.
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Figure 2: Batch MRS transmission.

Batch MRS transmission is useful when user mobility events occur more frequently for e.g., user mobility or angular movement that causes active beam degradation. NB may detect such an event and configure batch MRS transmission. 

Proposal 3: NR shall support batch MRS transmission where multiple MRS transmissions occur over a certain time interval as indicated by a measurement request message. 
3. Conclusion 

In this proposal we provided two types of measurement reference signal (MRS) transmission for NR: on-demand and batch MRS transmission types. The goals are: avoid ‘always ON’ measurement reference signal to achieve high energy efficiency, flexible MRS transmission types to handle user mobility characteristics and fast configuration to reduce latency. The proposals are:
Proposal 1: NR shall support both on-demand and batch MRS transmission types that are enabled using L1 or MAC-CE.
Proposal 2: NR shall support on-demand MRS transmission where a measurement request message notifies the UE of an MRS transmission.
Proposal 3: NR shall support batch MRS transmission where multiple MRS transmissions occur over a certain time interval as indicated by a measurement request message.
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