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1. Introduction

 In RAN1#86bis meeting, a WF on RS for beam management is discussed and agreed as working assumptions [1]:
Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):

· RS defined for mobility purpose at least in connected mode

· FFS: RS can be NR-SS or CSI-RS or newly designed RS

· Others are not precluded

· CSI-RS:

· CSI-RS is UE-specifically configured

· Multiple UE may be configured with the same CSI-RS

· The signal structure for CSI-RS can be specifically optimized for the particular procedure

· Note: CSI-RS can also be used for CSI acquisition

· Other RS could also be considered for beam management such as DMRS and synchronization signals

Based on the agreement, in this contribution, we provide LGE’s view on RS for beam management.
2. Views on RS for beam management
· Considerations on beam measurement RS
DL RS for beam measurement needs to be supported in NR. New RS can be designed for this purpose or CSI-RS can also be another candidate. Here, beam selection can be based on received power comparison of different beam measurement RS. To minimize RS overhead, single measurement wise comparison would be desirable, i.e., each beam can correspond to one beam measurement RS (BMRS) port. In this case, if multiple BMRS ports are FDMed in an OFDM symbol, multi-beam measurement can be enabled within the OFDM symbol. 
Proposal 1: For beam measurement, port selection of BMRS (Beam Measurement RS) is preferable from RS overhead perspective, where multiple ports can be FDMed in the same set of symbols.
· Periodic RS for beam management
Since UE movement/rotation or blockage can make currently selected TRP Tx beam and/or UE Rx beam unavailable, it would be safer way to provide means to track the beams more or less periodically due to the hardly predictable nature of wireless channel. In this regard, periodic beam measurement seems to be needed to address this issue so that periodic BMRS transmission can be considered.
Proposal 2: For periodic beam measurement at the UE, periodic or semi-persistent BMRS (Beam Measurement RS) transmission should be supported.
In above 6GHz NR, beamformed DL synchronization signal can be considered, where the signal would be transmitted periodically by sweeping the beams. Then, periodic BMRS can be multiplexed with the DL synchronization signal, and then, UE can periodically measure TRP Tx beams using the BMRS. In this way, periodic RS can be designed without separate OFDM symbol allocation.

Observation 1: Periodic BMRS can be multiplexed with the DL synchronization signal on the same symbol. 
· Aperiodic RS for beam management
For a traffic offloading, UE is taken instruction to change its serving TRP beam, which is illustrated in Figure 1. To support this, UE would need to scan neighbor TRP’s beams, which can be performed aperiodically. 
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Figure 1 Traffic Off-loading
Furthermore, aperiodic beam procedure may be needed for inter-TRP beam coordination. Figure 2 illustrates a scenario that UE serviced by 2nd beam from TRP A suffers from interference from 1st beam from TRP B. In this case, UE may need to change its beam from 2nd Rx beam to 1st Rx beam to minimize interference from neighbor TRP’s beams. To the end, TRP can indicate UE to measure neighbor TRP’s Tx beams with possible UE Rx beams and report measured beam information. 

[image: image2]
Figure 2 Inter-TRP interference management
Note that it does not mean that aperiodic RS is needed for P-1 and P-2. This is because traffic offloading and inter-TRP interference management can be supported through periodic BMRS defined in each TRP. 
Observation 2: Aperiodic beam measurement for P-1 and P-2 can be operated based on periodic BMRS per TRP.
Proposal 3: Further investigation on its necessity is needed whether we need to design aperiodic BMRS for P-1 and P-2.
Repetition of BMRS is needed to allow UE to measure the same TRP Tx beam with different UE Rx beams in P-3. In this case, there can be various options for the TRP Tx beam repetition, for example:
Opt1. Repetition over multiple subframe or slot, where the BMRS RE location can be maintained for each subframe or slot.

Opt2. Repetition over multiple consecutive symbols within a subframe or slot.
Opt3. Repetition within a symbol.

Opt3 is a good option in terms of RS overhead and latency, however, special RS design and corresponding UE implementation complexity should be taken into account. Also, the impact of reduced RS power should also be investigated carefully. Opt2 can also be considered but it may reduce resource for DL data channel too much so that some restriction on scheduling and link adaptation may occur. Opt1 can be a good option from the perspective of the ease of reusability of CSI-RS and no issues on scheduling and link adaptation, however, latency issue may occur especially when UE need to find beam(s) as quickly as possible.
Observation 3: Pros and cons of various options for repeating BMRS should be carefully investigated for the efficient support of UE beam selection/change.
3. Conclusion

This contribution discussed RS for beam management. Following observations and proposals are given, based on the discussion:

Observation 1: Periodic BMRS can be multiplexed with the DL synchronization signal on the same symbol. 
Observation 2: Aperiodic beam measurement for P-1 and P-2 can be operated based on periodic BMRS per TRP.
Observation 3: Pros and cons of various options for repeating BMRS should be carefully investigated for the efficient support of UE beam selection/change.
Proposal 1: For beam measurement, port selection of BMRS (Beam Measurement RS) is preferable from RS overhead perspective, where multiple ports can be FDMed in the same set of symbols.
Proposal 2: For periodic beam measurement at the UE, periodic or semi-persistent BMRS (Beam Measurement RS) transmission should be supported.
Proposal 3: Further investigation on its necessity is needed whether we need to design aperiodic BMRS for P-1 and P-2.
_____________________________________________________________________
Reference
[1] RAN1#86bis Chairman’s Notes [image: image3.png]


[image: image4.png]



PAGE  
4

[image: image1.png]


